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# # 5278957139 : MAJOR SPORTS SCIENCE
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THITI YANPRECHASET: THE ROLE OF COENZYME Q,, AND CIRCUIT RESISTANCE TRAINING ON ENERGY
EXPEDITURE AT REST AND DURING SUBMAXIMAL TREADMILL WALKING IN 40-60 YEARS OLD OVERWEIGHT
WOMEN. ADVISOR: ASSOC. PROF. VUIT KANUNGSUKKASEM, Ed.D., CO-ADVISOR: ASSOC. PROF. PANYA
KAIMUK, M.D., 112 pp.

The objectives of this study were to investigate the role of coenzyme Q,, and/or circuit resistance training
on energy expenditure at rest and during submaximal treadmill walking and to determine whether CoQ,, could alter
energy expenditure in 40-60 years old overweight women. The sample used in this study were employees of the Bank
of Thailand for 48 people, divided into four groups by the selection of volunteers who met the criteria for selection
into the sample by electronic mail (Email) and were obtained by purposive sampling for more specific predefined
groups based on the particular purpose of the experiment. Participants were divided into 4 groups of 12 people,
including group 1 (CoQ,,) with supplemented CoQ;, only, group 2 (Ex) with circuit resistance training only, group 3
(Ex&CoQ;y) with both supplemented coenzyme Q,, and circuit resistance training and Group 4 control
group. Instruments used in this research for pretest and posttest after twelve weeks of program were The Physical
Activity Readiness Questionnaire (PAR-Q) for assessing participation before exercise, elastic exercise band (Sanctband®)
for fitness training and coenzyme Q,, (100 mg soft-gels by TrueNature®, USP Verified, USA). CoQ,, was taken as 100 mg
capsules two times daily after a meal for 12 weeks. Statistical analyses were performed with SPSS software version 17.
Descriptive statistic including frequency distribution, percentage, mean and standard deviation were used to analyze
the demographic data. The Kolmogorov - Smirnov test was used to assess normal distribution. One-way Analysis of
Covariance (ANCOVA) was used to determine the difference between groups of subjects by using pretreatment
evaluation as covariate and the differences in pairs of means among groups were made by Fisher's Least Significant
Difference (LSD) test. Paired t-test was used to determine the difference between results of before and after treatment.
Pearson’s Product Moment Correlation was used to present the relationships. P values of less than 0.05 were

considered to indicate statistical significance.

After treatment, the results showed that VO,Max was found to be significantly increased in group 1 (CoQ,),
group 2 (Ex) and group3 (Ex&CoQ;,) and there were significant differences between all experiment groups and the
control group. Moreover, plasma coenzyme Q;, levels was found to be significantly increased within all groups.
However, there were significant differences in plasma coenzyme Q;, levels between group 1 (CoQ,,) and control group,
group 1 (CoQ;,) and group 2 (Ex), group 3 (Ex&CoQ;,) and control group as well as group 3 (Ex&CoQ;,) and group 2 (Ex).
In addition, it was also found that weight and BMI were significantly decreased in group 2 (Ex) and group 3 (Ex&CoQ;).
Fat free mass (FFM) was found to be significantly decreased in group 3 (Ex&CoQ;) but fat mass (FM) was found to be
significantly decreased in group 2 (Ex), group 3 (Ex&CoQ10) and group 4 (control group). Resting energy expenditure
(REE) was found to be significantly decreased in group 1 (CoQ;), group 2 (Ex) and group 4 (control group).Triglyceride
(mg/d) was found to be significantly increased in control group. Walking energy expenditure, glucose levels,
cholesterol, LDL and HDL were found to be no significant differences among all groups in both before and after

treatment.

It was concluded in this study that after treatment no significant differences were found in energy
expenditure at rest and during submaximal treadmill walking among all groups. However, maximum oxygen
consumption (Vo,Max) and plasma coenzyme Q,, levels were likely found to have positive effects in overweight
subjects with supplemented coenzyme Q,, and/or circuit resistance training. Moreover, the researcher found low

positive correlation between maximum oxygen consumption (VO,Max) and plasma coenzyme Q, levels.
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Academic Year: 2013 Advisor's Signature
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CHAPTER |
INTRODUCTION

Background and rationale

Coenzyme Qi (CoQqp) is a crucial component in the mitochondrial electron
transport pathway found in every membranes through the cell (Kalen, Norling,
Appelkvist, & Dallner, 1987). CoQqo helps the body produce energy within that cell
from converting the energy in carbohydrates and fatty acids into ATP to drive cellular
machinery and synthesis. Adequate amount of CoQ;, are necessary for cellular
respiration and ATP production (Figure 1). As the person grows older, CoQ;o density in

our body decreases considerable dip after the age of 30 years (Crane, 2001).

For many years, it was mainly known for its role in oxidative phosphorylation.
CoQyp involved in making an important molecule known as adenosine triphosphate
(ATP). ATP serves as the cell's major energy source and drives a number of biological
processes, including muscle contraction and the production of protein. The basis of

cellular energy is mitochondria (Littarru & Tiano, 2010).

Complex1 Complex2 Complex3  Complex 4 Complex 5
Qutside
Mitochondrial
inner
membrane
IN———
[ Inside
NADH C._ Succinate ADP  ATP

(Molyneux, Young, Florkowski, Lever, & George, 2008)

Figure 1 The mitochondrial electron transport chain.

Previous studies have indicated that CoQ;q is an essential cofactor in
mitochondrial oxidative phosphorylation and necessary for ATP production. In this
role, CoQ,y acts as a mobile electron carrier, transferring electrons from complex |

(NADH coenzyme Q reductase) to complex Il (cytochrome bcl complex) or from



complex Il (succinate dehydrogenase) to complex lll. This coenzyme helps in many
diseases such as congestive heart failure and diabetes by increasing the flow of
blood with oxygen to the heart and thus preventing cholesterol buildup (Crane,
2001). Moreover, CoQ;q could increase in energy expenditure because it helps the
energy production by transferring electrons from NADH and FADH, to oxygen
(Molyneux et al., 2008).

Several studies found that CoQ;, supplementation (60-100 mg/day for 4-8
weeks) improved aerobic power, anaerobic threshold, exercise performance, and/or
recovery after exercise in trained athletes and untrained individuals (Bonetti, Solito,
Carmosino, Bargossi, & Fiorella, 2000; Littarru, 1993; Zuliani et al,, 1989). These
findings suggest that provision of CoQy in a fast-melt or effervescent form may
facilitate CoQ,q delivery and uptake to the muscle. Theoretically, this may enhance
bioavailability of CoQ;, and promote a greater metabolic and/or ergogenic impact.
However, the effects of coenzyme Qy, and circuit resistance training have never been

clarified.

Numerous studies have revealed that aerobic training can stimulate the
energy production as a percentage of VO,max attained, the time spent at the high
percentage of VO,max, and the total oxygen consumption will result in greater
aerobic adaptations and improvements in endurance performance (Bouchard &
Trudeau, 2008). Furthermore, aerobic training improves the capacity for respiratory
control in skeletal muscle. The enlarged mitochondrial structural machinery and
enzyme activity adaptation with training (up to 50% increase in a few weeks) greatly
increases capacity of subsarcolemmal and intermyofibrillar muscle mitochondria to
generate ATP aerobically. A nearly 2 time increase in aerobic system enzymes within
5 to 10 days of training coincides with increased mitochondrial capacity to generate

ATP aerobically (Green et al., 2004; Hoppeler & Fluck, 2003).

Circuit resistance training is a type of exercise program that improve the
oxygen uptake within cell. It is combined between aerobic and resistance exercises,

circuit resistance training (CRT) program, which is often recommended to improve



physical conditioning and weight management. Each modality has its unique
advantages. Aerobic exercise is effective in improving cardiorespiratory fitness and
promoting energy expenditure (EE) and fat utilization. Resistance exercise can serve
as a potent stimulus to the musculoskeletal system necessary to bring about gains in
muscle size and increasing metabolism. Resting metabolism increased by 8% of fat
free mass (FFM) with heavy resistance training  (Pratley et al, 1994). It is
recommended that a training routine should combine both aerobic and resistance
exercises because improvements in both cardiorespiratory and musculoskeletal
function can allow individuals to reduce health risks such as obesity, diabetes,
hypertension and symptoms associated with physical inactivity ("1988 American
College of Sports Medicine. Annual meeting abstracts. May 25-28, Dallas, Texas,"
1988; Feigenbaum & Pollock, 1999; Kang et al., 2009).

Despite all these facts, no previous studies have been clarified about the
benefits of CoQ,, and circuit resistance training on energy expenditure. Even though,
the CoQ;q has long been recommended as one of the best antioxidants and plays a
critical role in energy production for fighting free radicals and improving the general
well-being. However, none of prior studies showed the benefits of CoQ;, and circuit

resistance training on energy expenditure.

Therefore, in order to make the clarification, the purposes of this research
were intended to study the role of coenzyme Q;, and/or circuit resistance training on

energy expenditure in overweight women.

Research question

Do CoQyp and circuit resistance training, only CoQ;o and only circuit resistance
training have the relationship with the energy expenditure in 40-60 years old

overweight women?



Objectives of the study

1. To investigate the role of coenzyme Qj, and/or circuit resistance training
on energy expenditure in 40-60 years old overweight women.
2. To determine the effects of coenzyme Qo on energy expenditure in 40-60

years old overweight women.

Hypothesis

Overweight women who acquired circuit resistance training with
supplemented coenzyme Q;, would be more prone to increase energy expenditure

than those who acquired only CoQ;, or only circuit resistance training.

Scope of the study

This study investigated the role of coenzyme Q,, and/or circuit resistance
training on energy expenditure and determined the effects of coenzyme Qj, on
energy expenditure in overweight women. Subjects in this study lived in Bangkok,

Thailand.

Research limitations

- If the subjects did not have enough sleep, their metabolism might be lower
than usual. Therefore, the subjects were advised to sleep at least 6-8 hours

per day.

- The subjects were given instructions about the suggested nutrition per day,
but not required to control their diet. Therefore, if the subjects did not follow
the instruction by eating too much or too little food, it might affect their

metabolism.

- This experiment did not control the daily activities of the subjects. Although
the subjects were chosen based on their similarity of daily activities, but the
result of each subject may be different due to the shift in their normal daily

activities.



Definition of terms

Overweight women refers to an individual woman who has a sedentary
behavior with low-intensity activities such as office workers, with a body mass index

(BMI) between 23-27.4 (Consultation, 2004) (See Appendix B).

Coenzyme Qo (CoQ) refers to a vitamin-like substance found throughout
the body, but especially in the heart, liver, kidney, and pancreas. It is found in small
amounts in meats and seafood. Coenzyme Q;, can also be made in a laboratory and
it is used as supplement (Coenzyme Q;o: 100 mg soft-gels by TrueNature ®, USP
Verified, USA).

Circuit resistance training (CRT) was trained by resistance band for 3 circuits
(10 muscle training positions in each circuit). Each muscle training position was
trained with 1 set and with 8-12 repetitions per set and then was alternatively
trained with the other muscle groups. They were trained 3 days a week for every

other days (See Appendix H).

Energy expenditure (EE) refers to the amount of capacity to deliver oxygen
to the tissue, which evaluated from oxygen uptake (VO,)and carbon dioxide
production (VCO,) and converting into energy values by Weir equation (1949),

calculated as:

EE (kcal/day) = [(VO, /min) (3.941) + (VCO, /min) (1.11)] x 1440 minutes

Where 3.941 and 1.11 are the energy equivalents of oxygen and carbon dioxide. It
can be measured by indirect calorimetry using a portable gas analyzer (Metamax 3B,

Germany) (Weir, 1990).



Benefits of the study

1. To know the effects of coenzyme Q;, on energy expenditure.

2. To achieve the effects of circuit resistance training on energy expenditure.

3. To obtain the combined effect of coenzyme Q;, and circuit resistance
training on energy expenditure.

4. To help maintain weight and body fat by increasing energy expenditure.

5. To reduce the risk of developing obesity and related complications.



CHAPTER Il
LITERATURE REVIEW

The goal of literature review was to investigate the role of coenzyme Qq
and/or circuit resistance training on energy expenditure. This literature review

includes both theoretical and research literatures on the following topics:

1. Coenzyme Qq

Matrix
Outer membrane

Inner membrane

DNA

Ubiquinone Z =
(Coenzyme Q10) . 4 o . y
Cristae

Intermembrane

Cristae junctions

Figure 2 Anatomical structure of a mitochondrion illustrating ubiquinone (CoQ;)

(Hiebert, Shen, & Pierce, 2012)

Coenzyme Q10 was first discovered by Dr. Frederick L. Crane in 1958. It was a
vitamin-like substance that has been found to be a crucial component in
mitochondrial bioenergy transfer. Its enzymatic processes facilitate electron transfer

in the generation of adenosine triphosphate (ATP) (Crane, 2001).

This coenzyme helps in many diseases like congestive heart failure, diabetes
etc. It helps heart by increasing the flow of blood with oxygen to the heart and thus
preventing cholesterol buildup (Crane, 2001). Previous studies have shown the
provision of facilitating CoQq delivery and uptake to the muscle. Theoretically, this
may enhance bioavailability of CoQ;, and promote greater muscle energy

metabolism (M. Mizuno, Quistorff, Theorell, Theorell, & Chance, 1997).



They present naturally in foods and sometimes are also synthesized in the
body. CoQ likewise is found in small amounts in a wide variety of foods and was
synthesized in all tissues. The biosynthesis of CoQ;, from the amino acid tyrosine was
a multistage process requiring at least eight vitamins and several trace elements.
Coenzymes were cofactors upon which the comparatively large and complex
enzymes absolutely depend for their function. Coenzyme Q, is the coenzyme for at
least three mitochondrial enzymes (complexes |, Il and ) as well as enzymes in
other parts of the cell. Mitochondrial enzymes of the oxidative phosphorylation
pathway are essential for the production of the high-energy phosphate, adenosine
triphosphate (ATP), upon which all cellular functions depend. The electron and
proton transfer functions of the quinone ring are of fundamental importance to all
life forms; ubiquinone in the mitochondria of animals, plastoquinone in the
chloroplast of plants, and menaquinone in bacteria. The term "bioenergetics" has
been used to describe the field of biochemistry looking specifically at cellular energy

production (Littarru, 1993).

The production of CoQo is dependent on an adequate supply of various
precursors and cofactors. A deficiency of one or more of these crucial components

can harmfully affect the production of adequate amounts of CoQ;,.
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Figure 3 Synthesis of coenzyme Q,, in human cells.

(Shinde, Patil, & Tendolkar, 2004)

The difference between “natural” and “synthetic” are the CoQ;, occurs in
two isomeric forms, namely the “trans” and the “cis” forms. The natural CoQ, is in
the trans form whereas the synthetic CoQ; contains a mixture of both trans and cis
isomers. The USP limits the presence of other CoQ analogs and the cis-isomer and

related impurities to less than 1.5% (Aberg, Appelkvist, Dallner, & Ernster, 1992).

CoQyp in blood is associated with lipoproteins. The concentrations vary from
tissue to tissue, and those with high rates of metabolic activity and high energy
demands such as the heart, muscle, liver, kidney and brain contain relatively high
concentrations of CoQ,, (Aberg et al., 1992; Ernster & Dallner, 1995). Recent studies
have shown that the level of circulating Ubiquinol tends to decline in certain disease
conditions, such as diabetes, liver disease, down syndrome, etc. with the result that
the ratio of circulating Ubiquinol to total Coenzyme Qi goes down (Lim et al,
2006).In humans, plasma or serum CoQj, concentrations will serve as a good

indicator of status. The best way to assay CoQi, is by High Pressure Liquid
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Chromatography (HPLC) by UV or electrochemical detection. However, it should be

noted that plasma CoQ;, may not always reflect tissue status (Lim et al., 2006).

Pharmacokinetics of coenzyme Q,

Coenzyme Qy is absorbed from the gastrointestinal (Gl) tract, passes into the
lymphatic, and finally to the blood and tissues. Research on exogenous CoQjq
absorption and bioavailability varies greatly depending on the type of CoQ,, preparation.
Some studies conclude CoQ10 is well-absorbed by oral supplementation as evidenced
by significant increases (168-178%) in serum CoQ, levels after supplementation

(Kaikkonen et al., 1997; C Weber, Bysted, & Holmer, 1997).

Normal serum/plasma CoQ,q concentrations in healthy individuals usually
range from 0.40 to 1.91 mmol/l in healthy adults (Chopra & Bhagavan, 2006). Upon
oral administration of CoQ,o, plasma or serum concentrations reach a maximum
(Cmax) at about 6 hours (Tmax). The half-life (i.e. the time to reach half-maximum
concentration (T1/2) of CoQ,q is about 34 hours. The ingestion of high doses of
CoQyp, plasma CoQyq levels have been found to plateau after a dose of 2400 mg a

day (Shults, Flint Beal, Song, & Fontaine, 2004).

Peak levels of CoQ,y occur at 5-10 hrs. following administration, with a half-
life of 34 hrs. (Chopra & Bhagavan, 2006; Greenberg & Frishman, 1990; Tomono,
Hasegawa, Seki, Motegi, & Morishita, 1986). A second peak may occur at
approximately 24 hrs. probably due to enterohepatic recirculation (M. V. Miles, 2007).

Previous studies in healthy subjects reported a prolonged termination half-life
of approximately 33 hrs. following a single dose of CoQiy, and approximately 5-6
days were required for plasma CoQ levels to return to baseline (Michael V. Miles et

al., 2002; Tomono et al., 1986; Weis et al., 1994).
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Dosage

It was reported that the average dietary intake of coenzyme Qi in Denmark
was only 3-5 mg per day. A variety of food items were tested for coenzyme Q
content, and it was found that certain meats (such as pork, poultry, and beef) had
higher amounts of coenzyme Qo than fruit and vegetables. However, normal dietary
intake had little effect on coenzyme Q;q concentrations, and would be unlikely to
affect bioequivalence estimates of the current study (Christine Weber, Bysted, &

Holmer, 1997).

Typical dose of CoQ, for most conditions was 60-200 mg daily in divided
doses (Shults et al,, 2004). The weight-adjusted median dose of coenzyme Qi
administered was 2.1 mg/kg (range 1.8 to 3.3 mg/ke). In order to have much higher
levels of this compound in their blood and it also assists with fuel efficiency within
the cells, which also assists weight management (Hathcock & Shao, 2006; Hosoe et
al.,, 2007; Shults et al., 2004). Therefore, in this study recommended daily dosages of
ubiquinol is 200 mg (Kaikkonen, Tuomainen, Nyyssonen, & Salonen, 2002; Yubero-

Serrano et al., 2011).

Toxicity

Coenzyme Qo appears to be quite safe and low in side effects, even at the
highest doses cited in the literature. In extreme dosages, such as 600-1200 mg per
day, headaches, heartburn, fatisue, diarrhea and skin reactions have been reported.
The data for intakes above 1200 mg/day are not sufficient for a confident conclusion

of safety (Hathcock & Shao, 2006).

Side effects

No reports of medical problems or side effects were indicated in several
research studies. The observed adverse effect level of risk evaluation method
illustrated that the evidence of safety was strong and had been approved without

adverse effects (Cooke et al., 2008; Hathcock & Shao, 2006; Hosoe et al., 2007).
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Coenzyme Qq, and physical exercise

(Littarru & Tiano, 2005)

Previous studies have shown an improvement of higher CoQ;, on aerobic
capacity, anaerobic threshold, and physical performance. Other studies did not find
an ergogenic effect. These issues have recently been addressed in three studies
published in 2008 (Cooke et al., 2008; Kon et al., 2008; K. Mizuno et al., 2008). One of
these studies showed that after a single administration of CoQ;, plasma levels
significantly correlated with muscle CoQ, levels, maximal oxygen consumption, and
treadmill time to exhaustion. A trend for increased time to exhaustion was observed
after 2 wk. of CoQ,, supplementation (Cooke et al,, 2008). In another study, oral
administration of CoQ;y improved subjective fatigue sensation and physical
performance (K. Mizuno et al., 2008). The third study was a double-blind study where
a group of kendo athletes showed lower levels of creatine kinase, myoglobin, and
lipid peroxides compared with the corresponding values in the placebo group (Kon

et al., 2008).

2. Circuit Resistance Training (CRT)

Circuit resistance training is a form of conditioning combined resistance
training and high-intensity aerobics training. It is designed to be easy to follow and
target strength building as well as muscular endurance. An exercise "circuit" is one
completion of all prescribed exercises in the program. When one circuit is
completed, one begins the first exercise again for another circuit. Traditionally, the
time between exercises in circuit training is short, often with rapid movement to the

next exercise (McArdle, Katch, & Katch, 2007).

Research has found that circuit weight training (CWT) can improve
cardiorespiratory endurance, body composition, and strength. Studies showed that
CWT increased aerobic capacity about 5%, compared with 15% to 25% in other
aerobic exercise programs. Lean body mass increased 1 to 3.2 kg and fat decreased

0.8% to 2.9%. Strength improved 7% to 32%. Energy costs of CWT were similar to
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jogging at 5 mph. These findings suggested that improvements in strength and
VO, max depend on work performed, not the equipment used. Although CWT did
not develop high levels of aerobic fitness, it could help maintain fitness (Gettman &

Pollock, 1981).

The Superset is the best technique not only for fat burning but also for
muscle building. Joseph and Jim (2009) showed that training agonist and antagonist
muscles immediately is an excellent way to increase muscle strength. The motor-
unit activation is leaded immediately by contraction of the antagonist muscle. The
antagonist muscle activates and prepares the nerves to contract the agonist muscle.

It became a stronger and more powerful contraction.

Circuit resistance training (CRT) is an excellent way to improve strength,
endurance and coordination. CRT comprises of 8 to 12 strength exercises that are
completed one exercise after another. Each exercise is performed for a specified
number of repetitions or for a set time before moving on to the next exercise. The
exercises within each circuit are separated by a short rest period, and each circuit is
separated by a longer rest period. The total number of circuits performed during a
training session may vary from two to six depending on the training level (beginner,
intermediate, or advanced), the period of training (preparation or competition) and

the training objective (McArdle et al., 2007).

Advantages of CRT

(Romero-Arenas et al., 2013)

1. Improves strength, muscular endurance, flexibility and coordination.
Appropriate for most conditions.

Can be adjusted to individual fitness level.

May not require expensive equipment.

ARSI N

Can be customized for your workouts style.
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Resistance band exercises (Sanctband®)

Resistance band exercises are perfectly used as a variety of health and fitness
practitioners for general strength, conditioning, rehabilitation and injury prevention.

It should be performed slowly and under control. Begin with the band at the
start of tension which increases as performing the exercise. It’s ideal for home
exercise programs and can easily be incorporated into a circuit training format
helping to condition cardiovascular system as well as strengthening specific muscle
groups. Because resistance tubing is so compact and lightweight, it can be used while

away from home.

All resistance band exercises will be changed every 4 weeks for stable pull

force resistance.

Resistance band exercises are available in a range of colors that relate to their
stiffness or resistance. Color-coding varies between the brands but it typically as

follows:

o '”-«"w_) Pull Force Test |
v:-f—_: Sanctband Resistive Band Pull Force Test (Kg)
V. e Q 100% 300% |
Reste OGRG » 1
et PEACHES - Extra Light Min 1.3 Min 2.5
B ORANGE - Light Min 2.4 Min 3.7

0 LIME GREEN - Medium Min 2.6 Min 4.5

4 @ BLUEBERRY - Heavy Min 3.2 Min 5.5

@ PLum-Extra Heavy Min4.2 Min7.7
GREY - Super Heavy Min 5.2 Min 9.2 ‘

Figure 4 Sanctband resistive bands and pull force test (kg)

(Lifesports, 2013)
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3. Energy Expenditure (EE)

(McArdle et al., 2007)

The human body demands a continual supply of chemical energy to perform
its many complex functions. Energy in food does not transfer directly to the cells for
biologic work. Rather, energy from macronutrient oxidation is harvested and funneled
through the energy-rich compound adenosine triphosphate (ATP). The potential
energy within this nucleotide molecule powers all of the cell’s energy-requiring
processes. In essence, the energy donor-energy receiver role of ATP represents the

cells’” two major energy-transforming activities:

1. Extract potential energy from food and conserve it within the bonds of ATP.

2. Extract and transfer the chemical energy in ATP to power biologic work.

ATP serves as the ideal energy-transfer agent. In one respect, ATP’s
phosphate bonds “trap” a large portion of the original food molecule’s potential
energy. ATP also readily transfers this energy to other compounds to raise them to a
higher activation level. The cell contains other high-energy compounds, but ATP is by
far the most important. A new compound, adenosine diphosphate (ADP) forms when

ATP joins with water, catalyzed by the enzyme adenosine triphosphatase (ATPase).

ATPase
ATP + H20 ADP + Pi - AG 7.3 kcal * mo(1

The electron transport chain in the mitochondrion is the site of oxidative
phosphorylation in eukaryotes. The NADH and succinate generated in the citric acid

cycle are oxidized, providing energy to power ATP synthase.

Electron transport by specific carrier molecules constitutes the respiratory
chain, the final common pathway where electrons extracted from hydrogen pass to
oxygen. For each pair of hydrogen atoms, two electrons flow down the chain and
reduce one atom of oxygen to form one water molecule. Figure 5 shows the route

for hydrogen oxidation, electron transport, and energy transfer in the respiratory


http://en.wikipedia.org/wiki/Oxidative_phosphorylation
http://en.wikipedia.org/wiki/Oxidative_phosphorylation
http://en.wikipedia.org/wiki/Citric_acid_cycle
http://en.wikipedia.org/wiki/Citric_acid_cycle
http://en.wikipedia.org/wiki/ATP_synthase
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chain that releases free energy in relatively small amounts. In several of the electron

transfers, the formation of high-energy phosphate bonds conserves energy.

Proton pumping |
coupled to
ATP resynthesis
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Figure 5 Examples of harnessing potential energy in the body, the electron transport
chain removes electrons from hydrogen for ultimate delivery to oxygen. In oxidation-
reduction, much of the chemical energy stored within the hydrogen atom does not
dissipate to kinetic energy, but instead becomes conserved within ATP (McArdle et

al., 2007).

Oxidative phosphorylation synthesizes ATP by transferring electrons from
NADH and FADH, to oxygen. The electrochemical gradient generated by this reverse
flow of protons represents stored potential energy. It provides the coupling
mechanism that binds ADP and a phosphate ion to synthesize ATP. The
mitochondrion’s inner membrane remains impermeable to ATP, so the protein
complex ATP/ADP translocation exports the newly synthesized ATP molecule. Energy
transfer from NADH to ADP to reform ATP happens at three distinct coupling sites
during electron transport. Oxidation of hydrogen and subsequent phosphorylation

occurs as follows:

NADH + H + 3ADP + 3Pi+ % 0, > NAD + H,O + 3 ATP
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Control of Energy Expenditure

The mitochondrion is the cellular furnace where fuels (derived from fatty
acids and glucose) are oxidized and energy is either stored in the high-energy
phosphate bonds of ATP or is released as heat. Figure 5 illustrates that as electrons
are passed down, the energy gradient of the electron transport chain, protons are
pumped out of the inner matrix of the mitochondria, generating an electrochemical
gradient across the inner mitochondrial membrane. These protons have two
probable fates: as described by Mitchell, they can reenter the mitochondrial matrix
through ATP synthase, driving the synthesis of ATP. ATP production is thus linked to
the consumption of oxygen and this is referred to as coupled respiration.
Alternatively, protons may “leak” back across the inner mitochondrial membrane in
a manner not linked to ATP production. This uncouples energy storage from oxygen
consumption and is referred to as uncoupled respiration. A certain degree of “leak”
is an inherent property of several biological membranes, but this proton
translocation can be greatly accelerated by the action of uncoupling proteins (UCPs),
which function as specialized proton channels not linked to ATP production. In
uncoupled respiration, energy is released as heat because these leaks, whether
catalyzed by UCPs or not, disrupt the cycle and result in fuel oxidation in the

absence of work (Spiegelman & Flier, 2001).
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Total daily Energy Expenditure (TDEE)

(McArdle et al., 2007)

Thermic effect of feeding

~ of physical'activ
(Duration and intensity)
# In occupation
+In home
+In sport and recreat

= Resting metdbolic.rate
(Fat-free body mass; &
gender; thyroid hormones;
protein turnover)

« Sleeping metaboti;;m” '
» Basal metabolism "
» Arousal metabolism

Figure 6 Components of total daily energy expenditure

Metabolism involves all of the chemical reactions of biomolecules within the
body that encompass both synthesis (anabolism) and breakdown (catabolism). Figure 6

illustrates the three general factors that determine total daily energy expenditure (TDEE):

1. Resting metabolic rate, consisting of basal and sleeping conditions
plus the added metabolic cost of arousal.
2. Thermogenic effect of food consumed.

3. Energy expended during physical activity and recovery.

Resting metabolism increased by 8% when 50 to 65-year-old men increased
their FFM with heavy resistance training. (Pratley et al., 1994) In addition, an 8-week
aerobic training program for older individuals produced a 10% increase in resting
metabolism without a change in FFM (Poehlman & Danforth, 1991). This suggests that
regular exercise affects factors in addition to body composition to stimulate resting
metabolism. Regular endurance and resistance exercise offsets the decrease in resting
metabolism that usually accompanies aging. Each 1-pound gain in FFM increases RMR by

7 to 10 kcal per day.
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4. Overweight women

Overweight is generally defined as having excessive fat accumulation that
may impair health. Excessive weight has reached epidemic proportions globally, with
more than 1 billion adults being either overweight or obese. Increases have been

observed across all age groups (WHO, 2010).

“Overweight women” refers to an individual woman who has a sedentary
behavior with low-intensity activities such as office workers, with a body mass index

(BMI) between 23-27.4 (Consultation, 2004).

Overweight occurs when a person consumes more calories than burning. For
many people this happen to eating too much and exercising too little. But there are
other factors that can cause overweight and obesity including age, gender, genetics,

environmental factors, physical activity, psychological factors, illness and medication.

Gender differences may play an important role in the development of
overweight and obesity (Sweeting, 2008). One of the main morphological differences
between men and women is the greater amount of fat that women carry more or
less erases the osseous indicators, and rounds out the surfaces while creating

characteristic folds and grooves.

Fat in normal women represents between 18% and 20% of body weight,
whereas in men it represents only 10% to 15% (Delavier, 2003). The reason for this
difference is that women at some point in their lives may nourish a fetus and then a
baby from their own reserves, so women have to stock energy in the form of fat in
anticipation of future pregnancies (and must stock even more energy during the last

two trimesters of pregnancy).

For many reasons, different fat distributions occur in women according to
climate. In hot countries, the fat is localized on the buttocks (black Africans), on the
hips (Mediterraneans), and around the navel (certain Asians). This distribution avoids

covering the woman with a hot coat of fat that would be difficult to bear and


http://en.wikipedia.org/wiki/Obese
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inefficient for thermoregulation during hot periods. In cold countries, the distribution
of fat is more uniform, which provides for better protection during rigorous winters.
However the fat is distributed, its main function is for the survival of the species as it
provides for survival of the woman and her offspring during times of scarcity

(Delavier, 2003).

It is important to note that all healthy people have fat reserves necessary for
the proper functioning of their bodies. Obsession with obesity or the need to follow
deviant aesthetic fashions should not lead to the complete elimination of fat. In fact,
the almost complete disappearance of fat can lead to serious hormonal problems
involving the cessation of the period (amenorrhea, which is a temporary absence of
ovulation and therefore momentary sterility), as this means has been put in place
during evolution to avoid bringing progeny into the world that the female could not

nourish with her own organic reserves (Delavier, 2003).
Body Mass Index (BMI)

BMI is a simple index of weight-for-height that is commonly used in classifying
overweight and obesity in adult populations. It is defined as the weight in kilograms

divided by the square of the height in meters (kg/mz).

Table 1 The International Classification of adult weight according to BMI.

BMI (kg/m”)
Classification
Principal cut-off points = Additional cut-off points

Underweight <18.50 <18.50
Severe thinness <16.00 <16.00
Moderate thinness 16.00 - 16.99 16.00 - 16.99
Mild thinness 17.00 - 18.49 17.00 - 18.49

18.50 - 22.99

Normal range 18.50 - 24.99

23.00 - 24.99
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Overweight >25.00 >25.00
25.00 - 27.49
Pre-obese 25.00 - 29.99
27.50 - 29.99
Obese >30.00 >30.00
30.00 - 32.49
Obese class | 30.00 - 34-99
32.50 - 34.99
35.00 - 37.49
Obese class |l 35.00 - 39.99
37.50 - 39.99
Obese class I >40.00 >40.00

(WHO/IASO/IOTF, 2000)

The health risks associated with increasing BMI are continuous and the

interpretation of BMI in relation to risk may differ for different populations.

In recent years, there was a growing debate on whether there were possible
needs for developing different BMI cut-off points for different ethnic groups due to
the increasing evidence that the associations between BMI, percentage of body fat,
and body fat distribution differ across populations and therefore, the health risks
increase below the cut-off point of 25 kg/m2 that defines overweight in the WHO
classification (WHO/IASO/IOTF, 2000).

There had been two previous attempts to interpret the BMI cut-offs in Asian
and Pacific populations (James, Chunming, & Inoue, 2002; WHO/IASO/IOTF, 2000)
which contributed to the growing debates. Therefore, to shed the light on these
debates, WHO convened the Expert Consultation on BMI in Asian populations

(Consultation, 2004).

The WHO expert consultation concluded that the proportion of Asian people
with a high risk of type 2 diabetes and cardiovascular disease is substantial at BMI's

lower than the existing WHO cut-off point for overweight (= 25 kg/mz). However, the
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cut-off point for observed risk varies from 22 kg/m2 to 25 kg/m2 in different Asian
populations and for high risk; it varies from 26 kg/m2 to 31 kg/mz. The consultation,
therefore, recommended that the current WHO BMI cut-off points (Table 1) should

be retained as the international classification.

But the cut-off points of 23, 27.5, 32.5 and 37.5 kg/m2 are to be added as
points for public health action. It was, therefore, recommended that countries
should use all categories (i.e. 18.5, 23, 25, 27.5, 30, 32.5 kg/mz, and in many
populations, 35, 37.5, and 40 kg/mz) for reporting purposes, with a view to facilitating

international comparisons.

BMI provides a significantly more accurate representation of body fat content
than simply measuring a person's weight. It is highly correlated with both body fat
percentage and body fat mass (Gray & Fujioka, 1991). It does not take into account
certain factors such as pregnancy or bodybuilding; however, the BMI is an accurate

reflection of fat percentage in the majority of the adult population.

WHO reassesses appropriate body-mass index for Asian populations in 2002.
The range for acceptable, normal, or optimum body-mass index (BMI) for Asian
populations should be narrowed to 18-5-23 kg/mz, according to a WHO expert
consultation on appropriate BMI for these populations that took place on July 8-11 in

Singapore (Choo, 2002).

The WHO guidelines issued in 1997 of a BMI of 18:5-25 kg/m2 for the
acceptable range, up to 30 for being overweight, and over 30 for being obese were
based on data from western countries. Increasingly there has been awareness that,
by these guidelines, many Asian countries have a low prevalence of obesity, yet high

rates of obesity-related diseases (Choo, 2002).

For this expert consultation, data on body fat percentage and BMI from ten
Asian countries, as well as data that were available on the relation of BMI with risk

factors for cardiovascular disease, were examined by nutrition consultant Paul
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(Department of Nutrition and Epidemiology, Wageningen University, The Netherlands).
The analysis of the relation between body fat and BMI was limited to the datasets
derived by use of valid methods of measuring body fat. The findings were that,
compared with western populations, the percentage of body fat and the risk factors
for cardiovascular diseases at a given BMI are generally higher among Asian peoples.
Body-frame rather than ethnicity is a likely reason for some of the differences

between Asians and westerners in the relation between body fat and BMI (WHO, 2010).

The expert group concluded that the risk of obesity-related diseases among
Asians rises from a BMI of 23, but there was no clear single cut-off point for all Asians

for high risk (analogous to being obese).

The most common method for discussing this subject and the one used
primarily by researchers and advisory institutions is BMI. Definitions of what is
considered to be overweight vary by ethnicity. The definition proposed by the US
National Institutes of Health (NIH) and the World Health Organization (WHO)
designates whites, Hispanics and blacks with a BMI of 25 or more as overweight. For
Asians, overweight was a BMI between 23-24.9 and obesity for all groups were a BMI
of 25 or more. For health screening and education programs, the cut-off level of 23
kg/m2 should be proposed for overweight adults in Thailand (Thaikruea,

Seetamanotch, & Seetamanotch, 2006).

BMI; however, does not account extremes of muscle mass, some rare genetic
factors, the very young, and a few other individual variations. Thus it is possible for
an individual with a BMI of less than 25 to have excess body fat, while others may
have a BMI that is significantly higher without falling into this category (Gallagher et
al., 2000).

Although BMI calculates a simple obesity level, there is an also hidden fat
level that is not revealed by a BMI designation. The examples below show two cases
that were revealed by OMRON'’s research. Although both cases are for people of

almost the same height and weight, and their BMI designation is normal, the body fat
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percentage for case B is high. That is, although case B has normal body weight, the
actual fat level is high, revealing the hidden fat. This hidden fat indicates high levels

of visceral fat.

Figure 7 Normal BMI designations with hidden fat (OMRON, 2011)

Body fat analysis

Body fat is classified as subcutaneous fat and visceral fat etc., depending on
where it is located in the body. In particular, visceral fat level is known to have a
close connection to susceptibility common diseases. Body fat percentage can be

expressed by using the following simple formula.

Body fat percentage (%) = [Body fat mass (kg) / Body weight (kg)] x 100

(OMRON, 2011)
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Gender Age Low Normal High Very High
(BMI < 18.5) (BMI 18.5 - 24.9) | (BMI 25.0 - 29.9) (BMI > 30.0)
20 -39 <21.0 21.0-329 33.0-38.9 =39.0
Female 40-59 <23.0 23.0-33.9 34.0-39.9 =400
60-79 <240 240-35.9 36.0-41.9 =420
20 -39 < 8.0 8.0-19.9 20.0-24.9 >25.0
Male 40 - 59 <11.0 11.0-21.9 22.0 -27.9 >28.0
60-79 <13.0 13.0-24.9 25.0-29.9 =30.0

Figure 8 Recommended body fat ranges (Gallagher et al., 2000, WHO/IASO/IOTF, 2000)

The distribution of body fat in men and women is different, so the classifying

of the body fat percentage for male and female are different.

Too much visceral fat is thought to be closely linked to increased levels of
fat in the bloodstream, which can lead to common diseases such as hyperlipidemia
and diabetes, which impairs the ability of insulin to transfer energy from the
bloodstream and using it in cells. In order to prevent or improve conditions of
common diseases, it is important to try and reduce visceral fat levels to an
acceptable level. People with high visceral fat levels tend to have large stomachs.

However, this is not always the case and high visceral fat levels can lead to hidden fat.

Subcutaneous fat not only accumulates around the stomach but also around
the upper arms, hips and thighs, and can cause a distortion of the body’s
proportions. Although not directly linked to increased risk of disease, it is thought to
increase pressure on the heart and other complications. Subcutaneous fat is not

displayed in this unit, but is included in the body fat percentage.

Study shows a significant inverse cross-sectional relationship between activity
energy expenditure and percent body fat (Westerterp & Goran, 1997). The inversion
based on the fact that usual weight was associated with an increase in total energy
expenditure of 9+7 kcal per kilogram of fat-free mass per day in the subjects who

had never been obese and 8+4 kcal per kilogram per day in the obese subjects. A
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higher level of physical activity was related to a lower body fat percentage (Leibel,

Rosenbaum, & Hirsch, 1995).

5. Conceptual framework
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CHAPTER IlI
MATERIALS AND METHODS

The design of this study was a pretest-posttest equivalent groups study. The
objectives of the research were to investigate the role of coenzyme Q,, and/or
circuit resistance training on energy expenditure at rest and during submaximal
treadmill walking and determine whether CoQ;q could alter energy expenditure in
40-60 years old overweight women. All of the data were collected two times, before

the research procedure and 3 months afterwards.

Population

The population of this study was overweight women who had been working

at Bank of Thailand (BOT) during the year of 2012 to 2013.

Sample size calculation

According to Cohen (1988) (See Appendix A), a “medium” effect size at .50,
power at .80 and significant level at .05, the sample size of 12 cases for each group
was recommended for each cell when comparing the group mean. The sample size
of 36 cases for three experimental groups and the others 12 cases for the control

group then were used for this study (Cohen, 1988).

Forty-eight volunteered women with overweight based on World Health
Organization (Consultation, 2004) (See Appendix B) were recruited from the Bank of
Thailand (BOT). The subjects were divided into 4 groups: group 1 (CoQ;o) with
supplemented CoQ;q only (n=12), group 2 (Ex) with circuit resistance training only
(n=12), group 3 (Ex&CoQ,y) with both supplemented CoQ,, and circuit resistance
training (n=12), and group 4 control group (n=12).
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Sampling technique

The overweight women who had been working at The Bank of Thailand (BOT)
and met the inclusion criteria were asked to voluntarily participate in this study. The
subjects were selected by purposive sampling for more specific predefined groups
based on the particular purpose of the experiment. The researcher paired the
subjects in each experimental and control groups, based on the selection criteria as

follow:

Inclusion criteria
- Subjects answered no to all the PAR-Q questions.
- Healthy women aged range 40 to 60 years old.
- Non-smoking and non-alcohol drinking at least 6 months before the study.
- Participants agreed to sign informed consent form.

- Overweight determined by BMI in adult Asians; Overweight > 23-27.4
(Consultation, 2004) (See Appendix B).

Exclusion criteria
- Subjects answered yes to one or more in PAR-Q questions.
- Complications or co-morbidities associated with cardiovascular disease.
- Obesity or metabolic disease.
- Severe arterial hypertension.
- Dizziness or syncope after cessation of exercise.
- Taking Warfarin and Statin group for treatment of hypercholesterolemia.
- Participants desire to stop.
People who were excluded from screening were invited to consult exercise

training guidelines for more complete details regarding exercise prescription with

individual problem.
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Data collection
1. The preparation phase
1.1 Information phase

The researcher met the director of the Bank of Thailand, a headquarters, and
the director of health service center to explain the purpose of circuit resistance
training, benefits of coenzyme Qy, relevant & scientific merit, participant information
sheet, informed consent form and research proposal.

1.2 Formal contact

1.2.1 A letter from the Dean of Faculty of Sports Science, Chulalongkorn
University was submitted to the director of the Bank of Thailand in order to obtain

permission for implementing the program.

1.2.2 After obtaining the permission, the director of the Bank of Thailand,
the location administration and the director of health service center were informed

about the purpose of the study and the research procedure by the researcher.

1.2.3 The researcher set up a meeting with the participants to present
the purpose of the study and research procedures, benefits and risks, and ask for
collaboration. The research asked for cooperation, patience and a commitment to
prevent contamination in among groups. The researcher was monitored by
telephone and email to participants every other day. Participants could miss the
exercise session not more than 80% of participation in exercise session. The
supplement and exercise training manual were given to overweight volunteers during
the meeting. The participants were alerted to take CoQ;, by email, telephone, and

advised to take responsibility for good health.

2. The intervention phase
Experimental design

A randomize control experimental intervention of 12 weeks duration was to
perform in subjects with uncomplicated overweight women. A pilot study with three

participants was used to test logistic procedure of equipment and gather information
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prior to the actual experiment. Samples were obtained by voluntary process and
purposive sampling selected people based on the particular purpose of the

experiment.

Research assistants were trained to standardize their performances and work
under the supervision. The researcher conduct the screening process combined with
individual medical history such as PAR-Q, anthropometric measurements, body
composition, laboratory blood tests, gas analysis and individual medical record. The

calibration of instruments was performed before testing every time.

Subjects were purposively assigned into one of four groups: 200 mg
coenzyme Q;y (CoQ;y TruNature® - 100 mg 130 Soft gels, USP Verified, USA)
(Kaikkonen et al.,, 2002; Yubero-Serrano et al., 2011). Group 1 (CoQ,) receiving
supplemented CoQ;y only (n=12), group 2 (Ex) receiving circuit resistance training
only (n=12), group 3 (Ex&CoQ,,) receiving both supplemented CoQ;, and circuit
resistance training (n=12), and group 4 control group (n=12) receiving no treatment.
Coenzyme Qo was taken as 100 mg capsules two times daily after a meal for 12

weeks.

3. Data collection procedure

3.1 Physical Activity Readiness Questionnaire (PAR-Q)

The physical activity readiness questionnaire (PAR-Q) is a self-screening tool
that is used to determine the safety or possible risk of exercising for an individual

(Thomas, Reading, & Shephard, 1992).

3.2 Anthropometric measurements

The anthropometric measurements and body weight were measured using a
body composition analyzer (ioi-353, Jawon Medical, Korea), and height was measured
using ultrasonic height meter. To analyze the state of their weight, the BMI was
calculated by dividing the weight in kilograms by the height in square metres
(Callaway, Chumlea, & Bouchard, 1988).
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3.3 Body composition

Body composition was evaluated using a bioelectrical impedance analyzer
(i0i-353, Jawon Medical, Korea). It directly measured bioimpedance of each body part
as allowing the current and voltage into the body via tetra-polar method using 8
touch electrodes. Body composition analyzer ioi-353 approved accuracy with high
correlativity to DEXA. The accurate impedance measurement at trunk segment is the
key of bioimpedance measurement. Body composition was analyzed at Sports

Science Laboratory, Faculty of Sports Science, Chulalongkorn University.

The protocol was suggested by Heyward and Stolarczyk (1996): no eating or
drinking for 4 hrs. prior to the test; no kind of physical activity within the preceding
12 hrs.; bladder emptying; no drinking of any kind of alcoholic beverage for 48 hrs.;

and no taking of any diuretics for 7 days prior to the test.

3.4 Chemical analysis

Oral coenzyme Qi supplementation was 200 mg per day (100 mg twice a
day taken with the morning and evening after meals) (CoQ;, 100 mg soft-gels by
TrueNature®, USP Verified, USA).

Chemical reagents (Mosca et al., 2002; Lunetta and Roman, 2008)

1.1 Reference standard

1.1.1 CoQq reference standard was obtained from Sigma-Aldrich (St.
Louis, MO; P/N (C9538) and the purity was determined by HPLC analysis
against a USP reference standard. An assign purity of >98% was used for this

standard for the study.

1.2 The other chemical reagents
1.2.1  Methanol, HPLC grade; RP1115, RCl Labscan, Thailand
1.2.2  Ethanol (Absolute), HPLC grade; RP 1069, RCI Labscan, Thailand
1.2.3  Propan-1-ol, HPLC grade, RP 1161, RCl Labscan, Thailand


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lunetta%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roman%20M%22%5BAuthor%5D
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Apparatus
1.1 High Performance Liquid Chromatography; HPLC, Waters 717 Plus

Autosampler HPLC Liquid Chromatography Auto Sampler

1.2 Waters 600 controller and 600 pump

1.3 Waters 996 Photodiode Array Detector (PAD), Degasser, system
software (Millenium™” Software)

1.4 Savant SpeedFuge HSC10K centrifuge, United States

1.5 Beckman Allegra X-22R Refrigerated Benchtop Centrifuge

1.6 Vortex—Genie® Mixers, Scientific Industries, United States

1.7 HPLC column: Thermo Scientific™ Hypersil™ ODS-2 C18,
250 x 4.6 mm i.d. 3 um

1.8 Micropipette; eppendorf® Research® plus 3 pipettes
(2-20 pL, 20-200 pl, 100-1,000 plL)

3.5 Description of the HPLC method
(Mosca, Fattorini, Bompadre, & Littarru, 2002)

Two-hundred microliters of plasma was supplemented with 50 pl of a 1,4-
benzoquinone solution (2 mg/ml) and vortexed for 10 s. After 10 min, 1 ml of n-
propanol was added. The test tube was vortexed for 10 s and centrifuged at 10,000
rom for 2 min in order to spin down the protein precipitate. Two-hundred microliters
of the supernatant was injected into the HPLC. The supernatant, placed in a capped
test tube, was stable for up to 3 days when kept even at 22°C. Mobile phase was
constituted by ethanol-methanol (65-35%) and the flux was 1 mU/min. UV detection

was performed by Waters 996 Photodiode Array Detector at 275 nm.

Two-hundred microliters of different concentrations of pure oxidized CoQj
was injected as standards. Working solutions of the standards were in propanol :
water (5:1); i.e.,, the same propanol : water ratio as for the samples. Peak area

analysis was performed by Milleniurn™ software system.
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Biochemistry

Venous blood sample was collected at baseline and at the end of
intervention in the morning after 12 hours overnight fast. Blood samples were drawn
from the cubital vein with lithium heparin tube. Plasma obtained after centrifugation
at 4000¢ for 15 min, at 4°C, were processed identically at hourly intervals up to 8 h
after collection. For those tests not carry out immediately, serum and plasma frozen

at -80°C and thaw immediately prior to analysis.

Laboratory blood tests

Two tubes of blood sample (4-6 ml/tube) were collected; One was operated
at The Center for Instrument Facility (CIF), Faculty of science, Mahidol University to
measure coenzyme Q;q The technical advisor was Mr. Sirichai Kositarat (Analytical
Chemist) and the other was operated at Department of Clinical Chemistry, Faculty of
Allied Health Sciences, Chulalongkorn University to determine serum glucose (mg/dl),
serum cholesterol (mg/dl), serum triglyceride (mg/dl), low density lipoprotein (mg/dl)
and high density lipoprotein (mg/dl). Medical technologist at Chulalongkorn Health

Service Center will draw blood.
3.6 Gas analysis

A portable cardiopulmonary exercise system (MetaMax 3B) operates with a
volume sensor which is integrated into a mask as well as oxygen and carbon dioxide
sensors (Cortex Biophysik, Germany). Gas analysis was conducted at Sports Science

Laboratory, Faculty of Sports Science, Chulalongkorn University.

The method of automated breath-by-breath analysis was presented as either
/min (liters per minute) or mU/kg/min (milliliter of oxygen per kilogram of body
weight per minute). The subjects were considered to have reached their VO, max if
several of the following criteria occurred: a plateau or 'peaking over' in oxygen uptake
values which did not increase by more than 2 ml/kg/min despite increasing exercise
intensity, Heart rate within 10 beat/min of maximal heart rate, Respiratory exchange

ratio (RER) > 1.15, Rating of perceived exertion (RPE) > 18, or when subjects
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requested to stop. If not, the highest oxygen consumption values recorded were

referred to as VO, peak, rather than VO, max.

Instruction before test

(Jones & Rose, 2005)

1) Get a good sleep before the test.

2) Do not eat or drink alcohol for at least three hours before the test.

3) Do not drink coffee, tea, or other caffeine containing beverages for three
hours before the test.

4) Do not heavily or moderately exercise on the day of the test.

5) Wear loose-fitting clothing (T-shirt, shorts or sweatpants) that permits
freedom of movement for either walking on a treadmill.

6) Wear good walking or running shoes.

7) Void bladder and bowels before the test.

8) Drink water as necessary for hydration.

Measuring resting energy expenditure

Resting Energy Expenditure (REE) was measured by indirect calorimetry using a
portable telemetric gas analyzer (Metamax 3B, Germany), oxygen consumption and
carbon dioxide production were measured and converted to energy expenditure

using weir equation (Weir, 1990).

REE (kcal) = [(VO, L/min) (3.941) + (VCO, L/min) (1.11)] 1440 minutes

Where VO, and VCO, were expressed in L/min and 1440 was equal to the

number of minutes in a day.

The acceptability criteria of recordings as obtained from data points were
collected every 30 s and steady-state was defined as 10 min during which the
volume of oxygen uptake, VE and RER do not vary >10%. Age, weight, height and sex

were fed into the computer manually. The measurements were performed between
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9.00 and 12.00 AM at approximately the same time for each individual, with empty
stomach (at least 12 hours) and free from any type of strenuous physical activities for

at least 24 hours.

Important considerations or conditions to improve the REE measurement

(Matarese, 1997; Rubenbauer, Johannsen, Baier, Litchfield, & Flakoll, 2006)

1) Individual should rest for at least 20 minutes in bed or a recliner before the
test, however, the person should not be asleep.

2) No food for at least 2 hours before the test.

3) Maintain quiet surroundings when the test was in progress and normal
temperature. The individual should not move arms or legs during the test.

4) Normal room temperature should be maintained, avoid drafts or any
condition that might result in shivering.

5) Medications taken should be noted, such as stimulants or depressants.

6) REE is measured for a maximum of 10 minutes.

7) Steady state should be achieved, which would be identified clinically by the
following: 5 minute period when average minute VO, and VCO, changes by

less than 10% and the average RQ changes by less than 5%.

Stable interpretable measurements should be obtained in a 15 to 20 minute test.

Measuring energy expenditure during treadmill test

The subject was wearing a breathing face mask. Age, weight, height, sex and
walking speed were fed into the computer manually. After a rest period of 15 min to
stabilize circulation and breathing, the calorimetric measurements started with a 10-
min walk at the selected speed of 5 km/h on the treadmill (Wergel-Kolmert &
Wohlfart, 1999).

Gas measurements were made every 30 s. Borg’s scale was used at the end of
every 1-min period to rate the perceived exertion (manual recording). Talking was

avoided during the walking sessions.



36

Basic measures of exercise responses included HR, BP, respiratory rate (RR),
and rate of perceived exertion (RPE). The RPE was recorded according to the method

of Borg scale, using the rate of perceived exertion (RPE) scale 6-20 (Borg, 1988).

The energy expenditure during walking sessions was calculated according to

the formula (Weir, 1990).

EE (kcal/lkg/min) = 3.941 x VO, (mUkg/min) + 1.106 x VCO, (ml/kg/min)

Estimated VO, Max

(Ebbeling, Ward, Puleo, Widrick, & Rippe, 1991)

The single stage treadmill walking test is a submaximal aerobic fitness test that
estimates VO, max. It is suitable for low risk, apparently healthy, non-athletic adults
20-59 years of age. The walking pace required throughout the test also makes it
appropriate for participants who experience problems such as knee pain when
exercising at a jogging pace. The test can be administered to moderate sized groups of
participants with low to moderate fitness levels and requires only a treadmill and a HR

monitor.

Protocol: The walking speed for the test was predetermined based on the

participant’s gender, age, and fitness level.

1. Estimate the participant’s age-predicted HRmax (220age) bpm then calculate
50% bpm and 70% bpm of his/her HRmax.

2. Have the participant warm-up for 4 minutes at a 0% grade and a walking
speed that brings the HR to between 50% bpm and 70% bpm of his/her HRmax. (The
recommended walking speed is from 3.4 to 4 mph). If the HR is not in this range after

the first minute, adjust the speed accordingly.

3. Following the warm-up, keep the participant walk at the same speed for an
additional 4 minutes at a grade of 5%, and then record the steady-state HR (SS HR)

from the average of the final 30 sec of the last two minutes at the 5% grade. (Note; to
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achieve steady-state, the HR from the last two minutes must not differ by more than 5
bpm. If the HR differs by more than 5 bpm, extend the test by an additional minute

and record the SS HR from the new final two minutes.) SS HR = bpm.
4. Enter this SS HR into the equation below to estimate VO,Max (ml/kg/min).

5. Allow the participant to cool down at a slow walk and 0% grade for 2-5 min.

Estimated VO,Max (ml/kg/min) = 15.1 +21.8 (speed in mph) - 0.327 (SS HR in
bpm) - 0.263 (speed x age in years) + 0.00504 (SS HR in bpm x age in years) + 5.98

Termination of exercise:

The exercise was terminated if one of the following criteria were met: angina,
lisht-headedness, confusion, ataxia, staggering unsteadiness, pallor, cyanosis, nausea,
marked dyspnea, unusual fatigue, claudication or other significant pain, facial

expressions signifying distress (Ebbeling et al., 1991).

3.7 Circuit resistance protocol

The circuit resistance training (CRT) program was trained by pulling the band for
3 circuits (10 muscle training positions in each circuit with 60-90 seconds rest interval
between each circuit). Each muscle training position was trained with 1 set, 8-12
repetition per set and then was alternatively trained with the other muscle groups
without any break in one circuit. They were trained 3 days a week for every other day

until 12 weeks (See Appendix H).

The subjects was begun the resistive exercise band with orange color (Light
intensity). After 6 weeks, the color was changed to lime green (Moderate intensity)

until the end of the program.

However, subjects can adjust the resistive exercise band by holding a band

with an appropriate length for your strength while using the same color.
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The content validity and reliability were using the index of item-objective
congruence (I0C) (Rovinelli & Hambleton, 1977) and were approved by experiential
experts to evaluate the components of circuit resistance training (Appendix C). The
result of I0C was 0.89 (higher than 0.50) and its congruence between the objectives

and content was acceptable (Appendix D).

The test-retest reliability of the circuit resistance training protocol was
estimated by performing the same exercise protocol with the same respondents at
different moments of time. The correlation coefficient between two sessions of the

response was used as a quantitative measure of the test-retest reliability (Appendix C).
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The evaluation phase

After 12 weeks of intervention, the overweight women in both the control

group and three experimental groups were undergo the same tests as in the pretest.

Protection of human subjects

To ensure the human right protection of the subjects, the overweight women
would be informed about the research objectives and procedures required for
cooperation. The overweight women had the freedom to withdraw their participation
at any time without any effects if they wanted. Each subject would be coded for the
identification number that matches the participant’s code in the data form. The
participant’s identity wouldn’t be mentioned or discussed with anyone. The data

collected were kept strictly confidential and would be presented as group of data only.

Data analysis

The completed Physical Activity Readiness Questionnaire (PAR-Q) from each
subject was given an identification code number. Demographic data, health status

and physical activity scores were calculated for each subject.

The collected data was encoded, analyzed, and processed a statistical
analysis by using Statistical Package for the Social Sciences (SPSS) version 17.0 for

Windows. All data analysis in the present study were as follows:

1. Descriptive statistic including mean and standard deviation were used to

analyze the demographic data.

2. The Kolmogorov-Smirnov test was used to assess normal distribution of

independent and dependent variables.

3. One-way Analysis of Covariance (ANCOVA) was used to determine the

difference between groups of subjects by using pretreatment evaluation as covariate
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and the differences in pairs of means among groups were made by using Fisher's

Least Significant Difference (LSD) test.

4. Paired t-test was used to determine the difference between results of

before and after treatment.

5. Pearson’s Product Moment Correlation was used to present the
relationships between coenzyme Q;, and VO,Max by using Fisher & Corcora’s

relationship criteria (r) classified as:

r from 0.00-0.20 means both variables has very low relationships
r from 0.21-0.40 means both variables has low relationships
r from 0.41-0.70 means both variables has moderate relationships

r from 0.71-1.00 means both variables has high relationships



CHAPTER IV
RESULTS

This research was intended to study on the role of coenzyme Q;, and circuit
resistance training on energy expenditure at rest and during submaximal treadmill
walking in 40-60 years old overweight women. The samples used in this study were
forty-eight volunteered employees from the Bank of Thailand. The overweight
subjects were selected by purposive sampling for more specific predefined groups
based on the particular purpose of the experiment. The data collection instruments
were The Physical Activity Readiness Questionnaire (PAR-Q) for assessing physical
activity readiness before exercise, elastic exercise band (Sanctband®) for fitness
training and coenzyme Qj for oral supplementation as 100 mg each soft-gels taken
two times a day (TrueNature®, USP Verified, USA). The results were presented in 3

parts as:
Part 1: Baseline characteristics of the subjects [age, weight, height, BMI].

Part 2: Morpholosical, physiological and biochemical characteristics before
and after treatment in each group [weight (kg), BMI (kg/mz), FFEM (kg), FM (kg),
REE (kcal), EE Walk (kcal), VO,Max (ml/kg/min), Glucose (mg/dl), Cholesterol
(mg/dU), Triglyceride (mg/dl), LDL (mg/dl), HDL (mg/dl), and CoQ;, (Lmol/L)].

Part 3: Correlations between VO,Max (ml/kg/min) and CoQ;, (umol/L).
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Part 1: Baseline characteristics of the subjects

Baseline characteristics consisted of age, weight, height, and BMI as shown in Table 2.

Table 2 Baseline characteristics of the subjects (n=12 in each group).

Control CoQqq Ex Ex&CoQq
Characteristics (n=12) (n=12) (n=12) (n=12) P-value
Mean SD Mean SD Mean SD Mean SD
Age (year) 487 + 357 501 + 582 523 + 623 509 =+ 41 0377
Weight (kg) 60.7 + 557 626 =+ 612 608 =+ 579 64 + 489 0988
Height (cm) 157 + 42 156 =+ 472 157 =+ 659 157 + 5 0.429
BMI (kg/mz) 248 + 148 256 =+ 112 247 + 128 259 =+ 135 0.085

CoQyp = Supplemented CoQ;q only, Ex = Circuit resistance training only, Ex&CoQq =
Supplemented CoQ,, with circuit resistance training and control group. Each

parameter represents Mean + SD. *Significant if p<0.05 comparing to control.

According to Table 2, there were no any statistical significant differences

among four groups through age, weight, height, and BMI (p<0.05).


http://thesaurus.com/browse/through

Table 3 Kolmogorov-Smirnov Test of the baseline characteristics of subjects.

a4

Age Weight Height BMI
(years) (kg) (cm) (kg/mz)

N 48 48 48 48
Normal Mean 50.48 62 156.88 25.231
Parametersa”b Std. Deviation 5.07 5.6053 5.051 1.3718
Absolute 0.111 0.082 0.145 0.108

Most Extreme

Differences Positive 0.111 0.082 0.145 0.108
Negative -0.098 -0.078 -0.084 -0.095
Kolmogorov-Smirnov Z 0.771 0.571 1.003 0.748
Asymp. Sig. (2-tailed) 0.592 0.9 0.267 0.631

a. Test distribution is Normal.

b. Calculated from data.

According to Table 3, there were normally distributed of subjects through

age, weight, height, and BMI (p<0.01).
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According to Table 4 and Table 5, Group 1 (CoQ;) was significant difference
comparing among groups of subjects in plasma coenzyme Qi levels (control group :
0.24 + 0.07 vs. 0.43 + 0.12, group 1 (CoQyp) : 0.23 + 0.09 vs. 0.90 + 0.44, group 2 (Ex) :
0.25 + 0.1 vs. 0.53 + 0.19, group 3 (Ex&C0oQyp) : 0.3 + 0.12 vs 0.94 + 0.18, p<0.05),
respectively. Group 2 (Ex) was significant difference comparing among groups of
subjects in maximum oxygen consumption (VO,Max) (control group : 33.4 + 3.2 vs
32.3 + 3.4, group 1 (CoQqp) : 30.4 + 1.8 vs. 33.6 + 2.6, group 2 (Ex) : 32.5 + 2 vs 34.5 +
2.4, group 3 (Ex&CoQqp) : 31.6 + 1.5 vs. 34.6 + 1.7, p<0.05), respectively. Group 3
(Ex&CoQ;) was significant in 2 parameters (maximum oxygen consumption; VO,Max)

(control group : 33.4 + 3.2 vs 32.3 + 3.4, group 1 (CoQyy) : 30.4 + 1.8 vs. 33.6

H+

2.6,
group 2 (Ex) : 32.5 + 2 vs 34.5 + 2.4, group 3 (Ex&CoQyq) : 31.6 + 1.5 vs. 34.6 + 1.7,

+

p<0.05), and plasma coenzyme Q,, levels (control group : 0.24 + 0.07 vs. 0.43 + 0.12,
group 1 (CoQyp) : 0.23 + 0.09 vs. 0.90 + 0.44, group 2 (Ex) : 0.25 + 0.1 vs. 0.53 + 0.19,
group 3 (Ex&CoQyp) : 0.3 + 0.12 vs 0.94 + 0.18, p<0.05), respectively.

Furthermore, there was significance difference indicating within-group
differences in plasma coenzyme Qq levels after treatment between group 1 (CoQ;)
(CoQqo 0.23 + 0.09 vs 0.90 + 0.44) and control group (CoQ;y 0.24 + 0.07 vs 0.43 +
0.12) and also between group 3 (Ex&CoQ;,) (CoQ;p 0.3 + 0.12 vs 0.94 + 0.18) and

control group (CoQy00.24 + 0.07 vs 0.43 + 0.12), respectively.

Moreover, there was significant difference between before and after
treatment including weight (kg) in group 2 (Ex) (60.8 + 5.8 vs. 59.8 + 5.8) and group 3
(Ex&C0Qy0) (64 + 4.9 vs. 63.3 + 4.9); BMI (ke/m’) in group 2 (Ex) (24.7 + 1.28 vs. 24.3 =
1.44) and group 3 (Ex&CoQ;o) (25.9 + 1.35 vs. 25.6 + 1.3), FFM (kg) in group 3
(Ex&CoQyp) (41.7 + 3.2 vs. 41.4 + 3.13); FM (kg) in control group, group 2 (Ex) (20 +
3.02 vs. 19.4 + 2.96) and group 3 (Ex&CoQq) (22.2 + 2.6 vs. 21.7 + 2.46); REE (kcal) in
control group, group 1 (CoQ,p) (1736 + 290 vs. 1460 + 264) and group 2 (Ex) (1780 +

262 vs. 1435 + 363); VO,Max (ml/kg/min) in group 1 (CoQy) (30.4 + 1.8 vs. 33.6 + 2.6)
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and group 2 (Ex) (32.5 + 2 vs 34.5 + 2.4) and group 3 (Ex&CoQ;,) (31.6 + 1.5 vs 34.6 +
1.7) ; CoQqp (umol/) in in control group (0.24 + 0.07 vs 0.43 + 0.12), group 1 (CoQy,)
(0.23 + 0.09 vs 0.90 + 0.44), eroup 2 (Ex) (0.25 + 0.1 vs. 0.53 + 0.19) and group 3
(Ex&CoQ4p) (0.3 + 0.12 vs 0.94 + 0.18). Triglycerides (mg/dl) in control group (88.5 +
31.8 vs. 110 + 46.8). No significant differences were found between before and after
treatment in EE Walk (kcal), Glucose (mg/dl), Cholesterol (mg/dl), LDL (mg/dl) and

HDL (mg/dl) (p<0.05), respectively.
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Table 6 Weight (kg) of CoQ,, = Supplemented CoQ,, only, Ex = Circuit resistance

training only, Ex&CoQj, = Supplemented CoQ;, with circuit resistance training and

control group between before and after the study.

Group Weight (kg) % Change  P-value
Before After

Control 60.66 + 557 6023 =+ 4.11 -0.701 0.724

CoQyo 6258 + 6.13 6226 = 6.09 -0.519 0.331

Ex 60.80 + 580 5981 =+ 580 -1.631 0.004"

Ex&CoQiy  63.96 + 490 6325 = 4.90 -1.107 0.026"

Each parameter represents mean+SD.

# Significant difference between before and after treatment by paired t-test (p<0.05).

68.00 -
66.00 -
64.00 -

62.00 -

60.00 -
58.00 -
56.00 -

Weight (kg)

54.00 -
52.00 -

50.00

Control CoQ10

Ex Ex&CoQ10

O Before

O After

Figure 9 Weight (kg) of CoQ;, = Supplemented CoQ;, only, Ex = Circuit resistance

training only, Ex&CoQ;, = Supplemented CoQ;, with circuit resistance training and

control group between before and after the study.



50

Table 7 BMI (kg/mz) of CoQy = Supplemented CoQ,, only, Ex = Circuit resistance
training only, Ex&CoQj, = Supplemented CoQ;, with circuit resistance training and

control group between before and after the study.

Group BMI (kg/mz) % Change P-value
Before After

Control 248 + 148 244 + 1.09 -1.613 0.321

CoQqg 256 =+ 112 254 + 123 -0.781 0.206

Ex 247 + 128 243 + 144  -1619 0.001"

Ex&CoQqy 25.9 & /1853825764 '+ N3 -1.158 0.015#

Each parameter represents mean+SD.

# Significant difference between before and after treatment by paired t-test (p<0.05).

28.0 -

27.0 -

N

(4]

o
1

O Before

N

w

o
1

& After

BMI (kg/m2)
N
o
l—
]._._._._._._..

Control CoQ10 Ex Ex&CoQ10

Figure 10 BMI (kg/mz) of CoQ,y = Supplemented CoQyq only, Ex = Circuit resistance
training only, Ex&CoQ;, = Supplemented CoQ;, with circuit resistance training and

Control Group between before and after the study.
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Table 8 FFM (kg) of CoQ;y, = Supplemented CoQ,, only, Ex = Circuit resistance
training only, Ex&CoQj, = Supplemented CoQ;, with circuit resistance training and

control group between before and after the study.

Group FFM (kg) % Change P-value
Before After

Control 40.7 + 284 404 + 253 -0.737 0.140

CoQqq 417 =+ a4 414 + 3.89 -0.719 0.105

Ex 408 + 365 404 + 393 -0.980 0.225

Ex&CoQ,, 417 + 32 414 + 313  -0.719 0.042"

Each parameter represents mean+SD.

# Significant difference between before and after treatment by paired t-test (p<0.05).

45.00 -
44.00 - N . #
43.00 - | T
42.00 -
41.00 -
40.00 -
39.00 -
38.00 -
37.00 -
36.00 -
35.00

O Before

o After

FFM (kg)

Control CoQ10 Ex Ex&CoQ10

Figure 11 FFM (kg) of CoQ;y = Supplemented CoQ;q only, Ex = Circuit resistance
training only, Ex&CoQ;, = Supplemented CoQ;, with circuit resistance training and

control group between before and after the study.
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Table 9 FM (kg) of CoQ;, = Supplemented CoQ;, only, Ex = Circuit resistance training
only, Ex&CoQ,o = Supplemented CoQ;q with circuit resistance training and control

group between before and after the study.

Group FM (kg) % Change P-value
Before After

Control 208 + 257 199 =+ 184  *327 0039

CoQsg 209 + 224 207 + 248 097 0.143

Ex 20 = 302 194 + 296 000 0.049"

Bx&CoQy, 222 + 26 217 + 246 2252 0.001"

Each parameter represents mean+SD.

# Significant difference between before and after treatment by paired t-test (p<0.05).

25.00 - #
20.00 - T :
a5
_ 15.00 -
(@)
X
fore
2 OBe
< 10.00 -
o After
5.00 -
Control CoQ10 Ex Ex&CoQ10

Figure 12 FM (kg) of CoQ;, = Supplemented CoQ;o only, Ex = Circuit resistance
training only, Ex&CoQ;, = Supplemented CoQ;, with circuit resistance training and

control group between before and after the study.
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Table 10 Resting Energy Expenditure: REE (kcal/day) of CoQ;, = Supplemented CoQ;,
only, Ex = Circuit resistance training only, Ex&CoQ;, = Supplemented CoQ;q with

circuit resistance training and control group between before and after the study.

Group REE (kcal/day) % Change  P-value
Before After

Control 1726 + 358 1370 =+ 389 -20.626 0.013#

CoQqp 1736 + 290 1460 =+ 264 -15.899 0.005#

Ex 1780 + 262 1435 + 363 -19.382 0.000#

Ex&CoQ,, 1426 + 403 1444 + 305 1.262 0.879

Each parameter represents mean+SD.

# Significant difference between before and after treatment by paired t-test (p<0.05).

2000.0
1800.0 - T T )
1600.0 - 4
1400.0 -
1200.0 -
1000.0 -
800.0 -
600.0 -
400.0 -
2000 -
0

O Before

REE (kcal)

o After

Control CoQ10 Ex Ex&CoQ10

Figure 13 Resting Energy Expenditure: REE (kcal/day) of CoQ;q = Supplemented CoQ;,
only, Ex = Circuit resistance training only, Ex&CoQ;, = Supplemented CoQ;q with

circuit resistance training and control group between before and after the study.
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Table 11 Energy Expenditure during submaximal walking: EE Walk (kcal/10min) of
CoQyo = Supplemented CoQ;, only, Ex = Circuit resistance training only, Ex&CoQ,, =
Supplemented CoQ;q with circuit resistance training and control group between

before and after the study.

Group EE Walk (kcal/10min) % Change  P-value
Before After

Control 703 + 179 631 + 253 -10.242 0.392

CoQqo 66.4 + 161 751 =+ 9 13.102 0.106

Ex 696 + 229 759 + 164 9.052 0.370

Ex&CoQs, 69 + 211 745 + 141 7971 0.398

Each parameter represents mean+SD.

# Significant difference between before and after treatment by paired t-test (p<0.05).

90.0 -
80.0 -

700 1

60.0 -
50.0 -
40.0 - O Before
30.0 1 B After

20.0 -

EE Walk (kcal/10min)

10.0 -

0
Control CoQ10 Ex Ex&CoQ10

Figure 14 Energy Expenditure during submaximal walking: EE Walk (kcal/10min) of
CoQyo = Supplemented CoQ;, only, Ex = Circuit resistance training only, Ex&CoQ,, =
Supplemented CoQ;q with circuit resistance training and control group between

before and after the study.
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Table 12 VO,Max (mU/kg/min) of CoQ;q = Supplemented CoQ;, only, Ex = Circuit
resistance training only, Ex&CoQ;q = Supplemented CoQ;, with circuit resistance

training and control group between before and after the study.

Group VO,Max (mUl/kg/min) % Change  P-value
Before After

Control 334 + 32 323 + 34 -3.293 227

CoQyp 304 + 18 336 =+ 26 10526 000"

Ex 325 + 2 345 + 24 6154 001"

15 346 =+ 1.7 9.494 .000

-+

Fx&CoQ,, 316

Each parameter represents mean+SD.

# Significant difference between before and after treatment by paired t-test (p<0.05).

40.0 -

*aft *aft

350 { 1

;
ok

=

30.0 -

25.0 -

20.0 -
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15.0 -
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5.0 -

.0

Control CoQ10 Ex Ex&CoQ10

Figure 15 VO,max (mU/kg/min) of CoQ;, = Supplemented CoQ;, only, Ex = Circuit
resistance training only, Ex&CoQ;, = Supplemented CoQ;q with circuit resistance

training and control group between before and after the study.
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Table 13 Glucose (mg/dl) of CoQ;, = Supplemented CoQ;y only, Ex = Circuit
resistance training only, Ex&CoQ;q = Supplemented CoQ;, with circuit resistance

training and control group between before and after the study.

Group Glucose (mg/dl) % Change  P-value
Before After

Control 894 + 67 901 =+ 6 0.783 0.534

CoQqq 902 + 85 892 + 93 -1.109 0.445

Ex 903 + 67 888 + 64 -1.661 0.194

Ex&CoQ,, 926 + 85 904

H+

6.6 -2.376 0.118

Each parameter represents mean+SD.

# Significant difference between before and after treatment by paired t-test (p<0.05).

100.0

95.0 -

90.0 -

O Before
85.0 -

o After

Glucose (mg/dl)

80.0 -

75.0

Control CoQ10 Ex Ex&CoQ10

Figure 16 Glucose (mg/dl) of CoQ,, = Supplemented CoQ;, only, Ex = Circuit
resistance training only, Ex&CoQ;, = Supplemented CoQ;q with circuit resistance

training and control group between before and after the study.
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Table 14 Cholesterol (mg/dl) of CoQ;o = Supplemented CoQ,, only, Ex = Circuit
resistance training only, Ex&CoQ;q = Supplemented CoQ;, with circuit resistance

training and control group between before and after the study.

Group Cholesterol (mg/dl) % Change  P-value
Before After

Control 211 + 347 214 + 283 1.422 0.780

CoQqq 229 + 366 217 + 29.1 -5.240 0.447

Ex 229 + 555 223 + 299 -2.620 0.634

Ex&CoQ,, 224 + 287 216 =+ 304  -3571 0.313

Each parameter represents mean+SD.

# Significant difference between before and after treatment by paired t-test (p<0.05).

250.0 ~

240.0 -

230.0 -

220.0 -

O Before

210.0 -

200.0 - O After

Cholesterol (mg/dl)

190.0 -

180.0

Control CoQ10 Ex Ex&CoQ10

Figure 17 Cholesterol (mg/dl) of CoQ;y, = Supplemented CoQ;, only, Ex = Circuit
resistance training only, Ex&CoQ;q = Supplemented CoQ,, with circuit resistance

training and control group between before and after the study.
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Table 15 Triglyceride (mg/dl) of CoQ;y = Supplemented CoQ;, only, Ex = Circuit
resistance training only, Ex&CoQ;q = Supplemented CoQ;, with circuit resistance

training and control group between before and after the study.

Group Triglyceride (me/dl) % Change  P-value
Before After

Control 885 + 31.8 110 + 46.8 24.294 0.044#

CoQqp 122+ 686 116 + 487 -4.918 0.720

Ex 134+ 735 148 + 919 10.448 0.442

Ex&CoQy 105 + 529 113 + 825 7.619 0.589

Each parameter represents mean+SD.

# Significant difference between before and after treatment by paired t-test (p<0.05).

180.0 ~
160.0 -

140.0 -

120.0 -

B S

100.0 -

80.0 - O Before

60.0 - B After

Triglycerides (mg/dl)
HH
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20.0 ~

Control CoQ10 Ex Ex&CoQ10

Figure 18 Triglyceride (mg/dl) of CoQ;q = Supplemented CoQ,, only, Ex = Circuit
resistance training only, Ex&CoQ;q = Supplemented CoQ,, with circuit resistance

training and control group between before and after the study.
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Table 16 LDL (mg/dl) of CoQ,y = Supplemented CoQ;q only, Ex = Circuit resistance
training only, Ex&CoQj, = Supplemented CoQ;, with circuit resistance training and

control group between before and after the study.

Group LDL (mg/dl) % Change  P-value
Before After

Control 134 + 277 131 + 30 -2.239 0.596

CoQqq 148 + 30 135 + 253 -8.784 0.301

Ex 146 =+ 506 140 + 249 -4.110 0.657

266 134 29.2 -4.965 0.419

-+
-+

Ex&CoQyp 141

Each parameter represents mean+SD.

# Significant difference between before and after treatment by paired t-test (p<0.05)

180.0 -
160.0 -

140.0 -

120.0 -
100.0 -
80.0 - O Before

60.0 - B After

LDL (mg/dl)

40.0 -
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0
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Figure 19 LDL (mg/dl) of CoQ,, = Supplemented CoQ;, only, Ex = Circuit resistance
training only, Ex&CoQ;, = Supplemented CoQ;, with circuit resistance training and

control group between before and after the study.
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Table 17 HDL (mg/dl) of CoQ,y = Supplemented CoQ,, only, Ex = Circuit resistance
training only, Ex&CoQj, = Supplemented CoQ;, with circuit resistance training and

control group between before and after the study.

Group HDL (mg/dl) % Change  P-value
Before After

Control 594 + 179 61 + 147 2.694 0.604

CoQqp 565 + 125 587 <+ 137 3.894 0.630

Ex 566 + 144 533 + 115 -5.830 0.318

Ex&CoQyq 617 + 192 594 + 225 -3.728 0.341

Each parameter represents mean+SD.

# Significant difference between before and after treatment by paired t-test (p<0.05).

70.0 -

O Before

B After

HDL (mg/dl)

Control CoQ10 Ex Ex&CoQ10

Figure 20 HDL (mg/dl) of CoQ;, = Supplemented CoQo only, Ex = Circuit resistance
training only, Ex&CoQ;, = Supplemented CoQ;, with circuit resistance training and

control group between before and after the study.
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Table 18 Plasma CoQ;, levels (umol/l) of CoQ,y = Supplemented CoQ;o only, Ex =

Circuit resistance training only, Ex&CoQ;, = Supplemented CoQ;, with circuit

resistance training and control group between before and after the study.

Group CoQ4q (umol/l) % Change  P-value
Before After

Control 024 + 007 043 + 012  79.167 0.000"

CoQsg 023 =+ 009 09 =+ 044 291304  0.000

Ex 025 + 01 053 + 019 112000 0001

Ex&CoQ 03 =+ 012 094 + 018 213333 0000

Each parameter represents mean+SD.

# Significant difference between before and after treatment by paired t-test (p<0.05).

1.20

1.00 -

0.80 -

0.60 -

0.40 -

0.20 -

Plasma CoQ,, levels (umol/l)

0.00

*a#t
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Figure 21 Plasma CoQ, levels (umol/l) of CoQ,, = Supplemented CoQ,, only, Ex =

Circuit resistance training only, Ex&CoQ;y = Supplemented CoQ;, with circuit

resistance training and control group between before and after the study.
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Part 3: Correlations between VO,max (ml/kg/min) and CoQ;o (umol/l)

Table 19 Correlations between VO,max (mUkg/min) and CoQ;o (umol/\) before
treatment of CoQ;, = Supplemented CoQ,, only, Ex = Circuit resistance training only,
Ex&CoQ,y = Supplemented CoQq with circuit resistance training and control group

before the study.

Before Treatment VO,max CoQqq
VO,max Pearson Correlation 1 .024
Sig. (1-tailed) 434
N 48 48
CoQqp Pearson Correlation .024 1
Sig. (1-tailed) 434
N 48 48

r form 0.21-0.40 means both variables had low relationships
r form 0.41-0.70 means both variables had moderate relationships

r form 0.71-1.00 means both variables had high relationships

Before Treatment

—~ 06 - .
S 05 -
E ‘ & Correlations
3; 0.4 1 * between VO2Max
C‘)_" 0.3 - and CoQ10
L 02 -
% 01 . ——Linear _
c (Correlations
8 o . . between VO2Max
o 10 30 50 and CoQ10)

VO, Max (ml/kg/min)

Figure 24 Correlations between VO,max (ml/kg/min) and CoQ;, (umol/l) before
treatment of CoQ;, = Supplemented CoQ,, only, Ex = Circuit resistance training only,
Ex&CoQ,o = Supplemented CoQq with circuit resistance training and control group

before the study.



63

Table 20 Correlations between VO,max (mUkg/min) and CoQ;, (umol/l) after
treatment of CoQ;, = Supplemented CoQ,, only, Ex = Circuit resistance training only,

Ex&CoQ,y = Supplemented CoQq with circuit resistance training and control group

after the study.

After Treatment VO,max CoQqp
VO,max Pearson Correlation 1 .298*
Sig. (1-tailed) .020
N a8 48
CoQqq Pearson Correlation 298 1
Sig. (1-tailed) .020
N 48 48

*. Correlation is significant at the 0.05 level (1-tailed).

r form 0.21-0.40 means both variables had low relationships
r form 0.41-0.70 means both variables had moderate relationships

r form 0.71-1.00 means both variables had high relationships

After Treatment

— 1.5 - o0
= ¢
: 4 |
3 17 & Correlation
Oa between VO2Max
2 05 - and CoQ10
E ¢ —— Linear (Correlation
N ’Q between VO2Max
s 0 - - and CoQ10)
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Figure 22 Correlations between VO,max (ml/kg/min) and CoQ;y (umol/l) after
treatment of CoQq = Supplemented CoQ;, only, Ex = Circuit resistance training only,

Ex&CoQ,y = Supplemented CoQq with circuit resistance training and control group

after the study.



CHAPTER V
DISCUSSION

This pretest posttest equivalent groups study of coenzyme Qj, and circuit
resistance training on energy expenditure at rest and during submaximal treadmill
walking in 40-60 years old overweight women. The results of the study were

discussed according to the hypothesis as follow:

Overweight women who acquired circuit resistance training with supplemented
coenzyme Q10 would be more prone to increase energy expenditure than

those who acquired only CoQ10 or only circuit resistance training.

Previous studies have reported that coenzyme Qi is an essential cofactor
involved in the electron transport pathway that was released from aerobic
respiration within the mitochondria (Crane, 2001). Recent studies have shown the
provision of facilitate coenzyme Q;, delivery and uptake to the muscle (Cooke et al,,
2008). Theoretically, this may enhance bioavailability of coenzyme Q,, and promote
greater energy expenditure. However, the effects of coenzyme Q;, on plasma
coenzyme Q,, concentrations and exercise performance have never been clarified.
Therefore, the researcher aimed to determine the role of coenzyme Q;, and circuit

resistance training on energy expenditure in overweight women.

The results of this study showed that maximum oxygen consumption
(VO,max) was significantly higher after treatments in group 1 (CoQ;), group 2 (Ex) and
group 3 (Ex&CoQ,). It was possible that the coenzyme Qi supplementation and/or
circuit resistance training have shown the performance-enhancing effects after
treatment (Gokbel, Gul, Belviranl, & Okudan, 2010). Dube et al. (2008) investigated
the separate and combined effects of exercise training and weight loss on exercise
efficiency and substrate oxidation. They concluded that exercise training, either alone
or in combination with weight loss, increases both exercise efficiency and the
utilization of fat during moderate physical activity in previously sedentary, obese

older adults. Plasma coenzyme Q,, levels were significantly higher after treatments in



65

four groups. The higher levels of plasma CoQ; in group 2 (Ex) and control group
might be caused by nutrition replenishment that available in most foods (Crane,
2001). The levels of plasma coenzyme Qiq after treatment were indicated with
standard range based on the reference intervals in healthy adults of plasma

coenzyme Qg levels range from 0.40 to 1.91 pmol/l (Bhagavan & Chopra, 2006).

One possible explanation of the effects of oral coenzyme Qq
supplementation on performance during repeated bouts of supramaximal exercise
which indicated that fatigue indexes decreased with CoQq supplementation, but
these decreases did not differ from that seen with placebo supplementation.
Therefore, CoQ;, may show performance-enhancing effects during the repeated
bouts of supramaximal exercises and CoQ;o might be used as ergogenic aid (Gokbel

et al., 2010).

Another research has suggested that supplementation with certain
antioxidants was practical for physically active individuals to speed up recovery from
fatigue according to the results of CoQq level and VO,max in this study (Banerjee,
Mandal, Chanda, & Chakraborti, 2003). Increasing in plasma CoQ, levels could
explain the increased time to exhaustion observed in the prevailing study. It has
been previously suggested that the CoQ;, redox shuttle is a rate limiting step in the
oxidative phosphorylation pathway (Hackenbrock, Chazotte, & Gupte, 1986). CoQq
supplementation increased the physical performance capacity of these endurance
athletes, as more intense training and efficient recovery became possible, probably
due to CoQ;g-induced changes in energy production according to the results of REE,

EE walk and VO,max in this study (Ylikoski, Piirainen, Hanninen, & Penttinen, 1997).

Body mass index (BMI) used as guideline to encourage overweight women to
achieve a realistic target with a high probability of health benefits but the increases
in energy expenditure were not in direct proportion to body weight. However, the
body weight and BMI in this study was significantly lower after treatments in group 2
(Ex) and group 3 (Ex&CoQ;). Fat mass (FM) was significantly lower after treatments in

group 2 (Ex), group 3 (Ex&CoQo) and control group. But fat free mass (FFM) in group
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3 (Ex&CoQ,0) was significantly lower after treatments. Decreasing in FFM may be
caused by aging process, reducing to synthesize proteins and support new muscle
growth (McArdle et al., 2007). However, Decreasing in FM was supports that the circuit
resistance training has been shown to improved body composition (Ferreira et al.,
2010). Resting energy expenditure (REE) was significantly lower after treatments in
four groups. Energy expenditure during walk (EE walk) was not significant difference
between before and after treatments. The negative results of REE and EE walk in this
research may be caused by insufficient recovery after training session and may be
caused by age-related decline in resting energy expenditure in humans is due to the
loss of fat-free mass (Bosy-Westphal et al., 2003). Maximum oxygen consumption
(VO,max) was significantly higher after treatments in group 1 (CoQ,), group 2 (Ex) and
group 3 (Ex&CoQ10) (Kraemer & Ratamess, 2004).

No significant differences were found between before and after treatment in
Glucose (mg/dl), Cholesterol (mg/dl), LDL (mg/dl) and HDL (mg/dl). However,
Triglyceride (mg/dl) was found to be significantly increased in control group. Plasma
coenzyme Qy, (CoQ) levels was significantly higher after treatments in four groups.
The higher levels of plasma CoQ;q in group 2 (Ex) and Control group may be caused
by nutrition replenishment that available in most food (Crane, 2001). However, the
levels of plasma coenzyme Q;o concentration could not explain the increased
energy expenditure observed in this study. But it was established that the maximum
oxygen consumption (VO,max) was correlated with plasma coenzyme Q,, levels and
could be used a good reflection of physical performance (Gokbel et al., 2010). But
the statistically significant change in plasma coenzyme Qy, levels could not explain
the development of energy expenditure at resting and during submaximal walking
that observed in this study. However, coenzyme Q,, supplementation tend to be
increased the physical performance capacity probably as a result of coenzyme Q-
induced changes in their physical performance (Malm, Svensson, Ekblom, & Sjodin,

1997).
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In contrast, the researcher found the paradoxical effects of using antioxidant
supplementation combined with circuit resistance training in group 3 (Ex&CoQ;)
including EE walk, VO,max, cholesterol, Triglyceride, LDL and HDL when compared
with group 1 (CoQ,4) and group 2 (Ex). This may be caused by not only aging process
and progressive overload in circuit resistance exercises that were related to increase
in free radical formation in the skeletal muscle (Ji, 2001) but also antioxidant
supplementation may impaired performance during training by decreasing exercise-
induced mitochondrial biogenesis and the antioxidant capacity in skeletal muscle (M.
C. Gomez-Cabrera et al., 2008). Therefore, whether antioxidant supplementation or
strenuous exercise would impair the skeletal muscle has been an important point of
discussion. However, further study for a better clarification is needed (Mari Carmen

Gomez-Cabrera, Ferrando, Brioche, Sanchis-Gomar, & Vina, 2013).

In conclusion, coenzyme Q;q could not alter in energy expenditure at rest
and during submaximal treadmill walking in 40-60 years old overweight women.

No side effects were reported with CoQ1q.



CHAPTER VI
CONCLUSION

Summary of the study

This study aimed to investigate the role of coenzyme Q,, and circuit
resistance training on energy expenditure at rest and during submaximal treadmill
walking in 40-60 years old overweight women. Forty-eight volunteered subjects, aged
40-60 years, were obtained by voluntary process and purposive sampling for more
specific predefined groups based on the particular objective of the experiment.
Subjects were purposively assigned into one of four groups. Group 1 (CoQ;,) with
supplemented CoQ;q only (n=12), group 2 (Ex) with circuit resistance training only
(n=12), group 3 (Ex&CoQ,y) with both supplemented CoQ,, and circuit resistance
training (n=12), and group 4 control group (n=12). Forty-eight overweight women
subjects based on The Western Pacific Region criteria recruited from the Bank of

Thailand (BOT). Data were collected during June to September 2013.

It was found that after 12 weeks of treatment there were no significant
differences observed in energy expenditure at rest and during submaximal treadmill
walking among all groups. Except for maximum oxygen consumption (Vo,max) and
plasma coenzyme Qi, levels which were higher in overweight subjects with
coenzyme Q;, supplement and/or circuit resistance training. Moreover, we found a
low positive correlation between maximum oxygen consumption (VO,max) and

plasma coenzyme Qy levels (r = 0.298).
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Recommendation form this study
1. There should be another technique to improve the energy expenditure.
2. There should be more resting time of interval between sets and circuits.

3. There should be increased the repetition maximum for each set.

Recommendation for further study
1. There should be another dose of CoQ10 to make comparison between groups.
2. There should have an exercise program with CoQ;, for other groups of people.

3. There should be control the research limitations of this study.
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APPENDIX A
SAMPLE SIZE TABLE

(a.=.05)

n to detect f by F test ata = .05
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There are five experts who have validated the content of research instruments.

APPENDIX C
LIST OF EXPERTS

There are:

1.

Associate Professor Dr. Phensri Thongnopnua

Faculty of Pharmaceutical Sciences, Chulalongkorn University.
Sitha Phongphibool

Faculty of Sports Science, Chulalongkorn University.
Associate Professor Dr. Prawit Janwantanakul

Faculty of Allied Health Sciences, Chulalongkorn University.
Assistant Professor Dr . Praneet Pensri

Faculty of Allied Health Sciences, Chulalongkorn University.
Kompakorn Limsuthirat

Faculty of Physical Therapy, Mahidol University.

80


http://www.pt.mahidol.ac.th/

81

Appendix D

Index of Item-Objective Congruence

Expert’s Ratings the Index of Item-Objective Congruence Values

Number Questions Result
The components of circuit resistance training -1 0 +1
1 Material of resistive exercise band

1.1 Resistive exercise band (Sanctband®)
1.2 Endurance

1.3 Portable

1.4 Powder Free

1.5 Eco-Friendly

2 Patterns of circuit resistance training
2.1 Interesting

2.2 Easy to do

2.3 Variety and Smoothly-continuous

2.4 Appropriate for overweight women

3 Procedure of circuit resistance training
3.1 Load

3.2 Number of exercise

3.3 Time per station

3.4 Number of circuit per station

3.5 Rest interval between sets

3.6 Rest interval between circuit

3.7 Speed of execution

3.8 Frequency

IOC Expert



APPENDIX E
THE PHYSICAL ACTIVITY READINESS QUESTIONNAIRE (PAR-Q)

APPENDIX D

The Physical Activity Readiness Questionnaire (PAR
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APPENDIX F
RESEARCH ETHICS REVIEW

AF 02-12

The Ethics Review Committee for Research Involving Human Research Subjects,
Health Science Group, Chulalongkorn University

Institute Building 2, 4 Floor, Soi Chulalongkorn 62, Phyat hai Rd., Bangkok 10330, Thailand,
Tel: 0-2218-8147 Fax: 0-2218-8147 E-mail: eccu@chula.ac.th

COA No. 101/2014

Certificate of Approval

Study Title No.153.2/54 : THE ROLE OF COENZYME Q10 AND CIRCUIT RESISTANCE

TRAINING ON ENERGY EXPENDITURE AT REST AND DURING
SUBMAXIMAL TREADMILL WALKING IN 40-60 YEARS OLD

OVERWEIGHT WOMEN
Principal Investigator : MR. THITI YANPRECHASET
Place of Proposed Study/Institution : Faculty of Sports Science,

Chulalongkorn University

The Ethics Review Committee for Research Involving Human Research Subjects, Health

Science Group, Chulalongkorn University, Thailand, has approved constituted in accordance with
the International Conference on Harmonization — Good Clinical Practice (ICH-GCP) and/or Code
of Conduct in Animal Use of NRCT version 2000.

Signature:
(Associate Professor Prida Tasanapradit, M.D.) (Assistant Professor Dr. Nuntaree Chaichanawongsaroj)
Chairman Secretary
Date of Approval : 28 March 2013 Approval Expire date : 27 March 2014

The approval documents including

1)
2)
3)
4)

Research proposal

Researcher

oone 153254

Qiosivtmaire Date of Approval.. LS AR 200
Approval Expire Dm”MAR 201"‘

The approved investigator must comply with the following conditions:

wN

XAk

The research/project activities must end on the approval expired date of the Ethics Review Committee for
Research Involving Human Research Subjects, Health Science Group, Chulalongkorn University (ECCU).
In case the research/project is unable to complete within that date, the project extension can be applied one
month prior to the ECCU approval expired date.

Strictly conduct the research/project activities as written in the proposal.

Using only the documents that bearing the ECCU'’s seal of approval with the subjects/volunteers (including
subject information sheet, consent form, invitation letter for project/research participation (if available).
Report to the ECCU for any serious adverse events within 5 working days

Report to the ECCU for any change of the research/project activities prior to conduct the activities.

Final report (AF 03-12) and abstract is required for a one year (or less) research/project and report within
30 days after the completion of the research/project. For thesis, abstract is required and report within 30
days after the completion of the research/project.

Annual progress report is needed for a two- year (or more) research/project and submit the progress report
before the expire date of certificate. Afier the completion of the research/project processes as No. 6.

83



84

enmiveyametmudmivditniululnsimside

(INFORMATION SHEET FOR RESEARCH PARTICIPANT)

“ -~ v 7 a < v ' e

¥oln3amiidy  unmumvealaoulaifumu uazmstndrous sdmuuiesdedasimsininaiy
wa i luvasin tazvnz@uuugnaiiszdumninnuanniagagalumemdgeoiy 40-60 1 fifinaz
viyminifiu (THE ROLE OF COENZYME Q,, AND CIRCUIT RESISTANCE TRAINING ON ENERGY

EXPENDITURE AT REST AND DURING SUBMAXIMAL TREADMILL WALKING IN 40-60 YEARS
OLD OVERWEIGHT WOMEN)

%vg"i AU UWTA muw\h'nmsug A uﬂm:ﬁuummnﬂmn u'umwnnmmsmmsmwmw

amxmmnag 130w 1335 mmwaquwu an ﬂums’h nuumumws.ﬂumﬁw mnmnu'uu WANNNGRA

NPUNNA 10700 0 Tnsfnniiloiio 085-838-8911 Buud thitiy@hotmail.com

o G AN v av 1 a v a v . av o o -
vosvuFgrinudhsmlumsitorouiiimezdaduludiimlunsiio fanuiuduiiviunis
o ya av a4 4 . ﬂ ﬁéq d e a /i yav Y
mnnudilyhaiteiidiesninvin umum‘z:umunmuua.,uf)mauunmammnmwmg 3904
'l Tasdoudviezdaduladiimlumsinurisodanan veliiwsuenmsaiuiiosad
. v 1 d
$u it Wi Inswdamguanazswazidvavesmsiinuiduluniail maihideasdolsznisla

o _a

A a o 3 v & 3y o v ' ‘e v
INUIAY AFUIFNDININENIINY qﬂn:lﬂugmmmnoun1muua:1wmmns:vNunmu'lﬂ

1. Tnsamsitineaveafumside unumvesTaeuledfamu naznisindrous sdiuuiaes
aegasimsrrmagmaaluvunin uazvaz@uuugnaiiszdviinhanumunsogagalumendga
. v
91 40-60 Y Nannimininu

2. Yaguszasdveamside tielinswfenszuaunsnldsunlasveamsldndsanuiume

A o a /a ' v v o a .
de1dsuomsiayTaou lanffamusauiumsdndous s wTRAATYNTIAU VU

sﬁl’mcmﬂ‘: ~ 153, 4/ $4
dvuves. 28 5.0, 2556

nuR eIy, 2130 2887
" e " - O ﬂ o a da > v
nqumamm'lﬂumﬂwﬂﬂut UNTNNU TN T IBRBRS P umanganiinnaimin

NaNsEAUAINIIANNANNTOIA

- | 2 A Ve 1 1 o
3 i’lUﬂ:lBUﬂ‘Uﬂ!ﬂi}Nﬂi:‘ﬂhiﬂiGQNG?NTJN UMD

(A 014 40-60 11 $142% 48 A ijaithu 4 ngu TasmsfadenormminsiliguaniAanunusinsdad
v ad - " o v, 4 o o '
yoanguiresramasamnudidnnseding (Email) udnihmsiusmnifedadenarnaiinsidinguay

' ' (T B a ‘A '
aumuzay wiadunguar 12 au 18ud nqunils GuilsznuTaewlaifamuedin@d) nquaes



GuiszmuTaeulsifumusudumsesndidaniy) PN (BNMAINYBI1AYI) Hazngud (ngu
I3 v
muu) Taodindsyaadezdhimlumsisodostiquaniadsie Ui

4 o
INUNMIAAIGIVBINGUHN 961 (Inclusion criteria)

. 3 4 - . °_ w
. ﬂau'hwlnua‘lmmuaaun1mﬁa1]s:mum1uw%’aunaumseanmmmu(PAR—Q)
- dhunemdgaiiiquamd uasiorwszniag so-607
. 1
- higuyn3 edrartos 6 Weudulyl
4 ; Z

- hiduueanesed edrntes 6 @eniuly

d 9 - a Y aw
- UM tazsutusen lulenmsiaan Lot LSy

< 1 L ] .
- ffdsiiunanusznin 23-27.4

INUNNMINABBNYBINGNUA 0813 (Exclusion criteria)
Ed v '
- aeuldaue 1 dedul luuuumeuomdioUsuidiunnmisuroumsesnddeniy (PA
b4 o

- FY A o @ o 4o o
- Hlsaumsndou wseiitlidudssiinondeatulsmiale

- iulsadau wielsndauaamna

85

- fanzanuduTaiageetiaguiss wnilasmsive
a PRI . _— Juitfurm 26 8.0, 2566
- finnImsfouia niediuaumondininmseenmdini

. o . - THAUAD WL B 26 .
- gmsmnu’mumaqmmaumaanmnTﬂsamsm

Ya o " VY e ao T fdo 3 Yaw a «4q Vo °o_ad °o_ w
WINgITeNUNENs I Tas I 3o hieglunasinadh 35u5ud Wauusiisnmsesntide

. . & o o o o
Mo tazmsguagunImve e minzay adunvadeatumsquainuissdesidsuanuiuyey

¢y ya o o s Y e a . v o
NNUNNYHYUAITUD TﬂUYl'N'j'mﬂ“zllu:u'lﬂ'luulﬂiﬂU1ﬂUUQT§QWUTU1aﬂW1uﬂ\Iﬂﬂ

4. NITVIUMINITINY

Taow lanifamu iWuasiisiguauiandroiaiv azaroulusiu flogmusssunalusime
' a ¢ ddaaa 1 & v
uazsmeannsorda ldies wuluwadnnadiiiisin Tnsezegiidmuibenu (Membrane) vosluTanowu
P o 1 a v a ° -
130 (Mitochondrial) ¥nimihiiduundsndandreuveawad Taew R amuimdhit uowley
. s o —_— 3 :
ndn1i93ins)) ¥39239535AFATN (Krebs cycle or Citric acid cycle) Fuilunszrumsdounlas

omsimanmiTulamsauas luiulfedlugdvemasaufisumeannsai 1918 Taoesida sae
walgasnmarnamywasamslusine



' a i ' [ a P P
i Tnewlafiamu dumsisumonpdaiiniu1dios uderainhnliinunaaauiony
a F1 o v { o a J/a ' = '
Aunty venvindideiidlefumouenivi iy ua Taeulediamu Tus1aniwanadlddn wu
o - Yo - a Y =l dé’ e
nansenunnammadon niswakouhifivane ms1diun niemsiail uuANNIATUA N Al
. a - ' .’J nv o : . o fa
aav 1Y Taeu laaffamu Tusungananivdu Futusamosans 185y Taeu lwifamu 90
. ' { a ' .' o 2 o 4
MUUBNAIY 15U 91N INTS UINGIDIMIsTIgANAIY Taon lafaamu 1dun 1iniular Jameaandaal
' o ° ‘e d a o . Yo
nziaaa q uazdeiinluemissmaniiy ivu 1317 vion1nd daumdes Hudu uenviniinis 193y
- 4o & o w a . a .
TaoulafAumuiidaunseivu m"h’f'lflumsamnﬂummsmsunzﬁna“lﬁ'mﬂﬂs:Twu’mans:mumi
vy o 0 [
adanFanuvoasnola
' ™ /a o aa v o < o v < f]
ez 185y Taeu lanfAamuduaz 200 adniy ATvaz | ia MA10IMIT 2 AT IPIAZION AW
v i d
syoznamaau 12 dan
ya o 3 a"ﬁl o . v a a v av
fisveziudniuguInsemsiiaaonios v lianutugeniivzidhsnlulasimsity
g yao v ' Y e o o ' 4
i #33vazvonsania 1) dauga 2) Wmun 3) wWofidudlufuluseme uazanandnite 4o lums
nagoulszie 15 WA A20iATaTIAT 121 BaAYENDUVEIT1ANMY (Bioelectrical Impedance Analysis:
ad o ' vy P a 9 @ i A
BIA) Susimsiaealsznouvesianwninanudnmhith Tasmis@adauinudmmdshile uaz
o 4 aad o ‘o a < s & v o
wiuth @udho) Fududifiazain saas2 uazhivhliidanuivdaalagiedu nanmsfe lusiuda
0o a¥a ) P v A da o R s |2 a
Sununuasilfinaaudnmnd fhiuiu aduuifeiifidnalszrouveniieglumadnnna vei
v v ' M o dan e e 4 vy v Y o A 2
amudumiosninyad lviudii luiuegidudwanann dioldnnuauminesnuaIn N8I
4 a A a ' ' > o 4 -
i ldnouawaums Taverdiledvduq ideamaiiu@usu dauga dmin ma o1y Wou@
oomimiuelszneuvesiime 4) sasimsidesndioulusume (vo) Hnalumsmaaeutlszinm
40 W ﬁaum?aﬁmﬂzﬁuﬁ'ﬁ (Cardiopulmonary gas exchange system) Mo Cortex i"u Metamax 3B:
Breath by breath 1InUszInAO0INT Tasmsaseuntiimausnusyniazlin MeiMIasIaoudas
a ' & ada o ‘e a LB
ms1¥8endionlusanie Fuiluitiazain 512 wazhivhldiianuivihalaqiadu 5) inziden
- . - 3 2 .
Jiw 4-6 Tadaes 1 Feuwn) S 2 wasadenis (Tavszlimamzideanasaislnssmsimau
v i d v * il
Fiau 2 afe) itensan luiuluideariasiiad (HDL) uaz'lid (LDL) Aolamneson lasndiweslsd uaz
v 2 . .
Thana sauieasaeasivesTaeu leilunszumdon efansosiwhuilguantafimnzauiiand

; - 5 2 o - . P
Sulumsise Tavssimsnageuisneuuasndensive nagidver Insianunednniuiied e

iy Y 1 av
ﬂ'ﬂﬂﬂ:ﬂ')ﬂllﬂﬂ'ﬂ“811117')11'1uﬂ15’m0

y v =
& v & Q 2

av - v S 3 v ¢ oy sia A @
ms3suasativedsrorinaniadu 12 dUat naznuAeunUIToNITY 36 AT laniimsHn

.

anfilaamilie 183 1134
26 5.0,

77 5.0, 2557

oonfdemo dilaniaz 3 u Aeluiudund Juns uaziugnd nanlsznm 17.00 - 19.00 ua/m@
£
5

17

W
Tuvuang

86




Y1m3390 fie suimsuvadszmeng 273 ouuanua UIIYUNTHY IANTZUAT NTIUNNA 10200 Fuile
m'i’véunw’:ﬁ’uué”rl’fagamaqumwn‘s’anamsmmﬁoaﬁl‘f’;mﬁmﬁué’ﬁrhus’m1umﬁ€uuzqnﬁ1mu
Wanua

msfususnlumsisoada fivvdniumsiususadeyadanuios Taefidunoudail

ya o

av sy Yo ao < : o

i mwmmmmqﬂsvznmmms'mu wazse Tenin 145ue1nn15390 sau0TuABUMISINY
swsmdoya uaz Walidausmlunside asnlumidetuseudnsnive

> e ¢ @ o

2. fdudutiunmsinmseeniidiniy Wunar 12 §ad 9 az 3 Ju fAeluiudung Tuns uaziu

¢ S A - o ¢
Ans anlszina 17.00 - 19.00 u. nAdEUHA 2 A31 Ao noumsAn uazndamsdn 12 dlav
a v
5wa:lauﬂmsnﬂﬁa‘uﬂi:ﬂi)umu

o [l .v o o o . -4 @ o a
asaviadauga hmin wedidud luiulusamu wanduile Yuiindasimsidoendioulu
4
TNMY (VO,) waziziaealsum 4-6 daaans (1 q’famn) U 2 HaDARDBASY (Tﬂaﬂzumim:lﬁaﬂ
v v i d v . v
aapanelnsanssavaunedu 2 ase) tiensae luiuludeanayiiad (MDL) uaz' i@ (LDL)
a PO o P v 4 P “ °
Tntaaiaesea lasnaes 15 uazmima saudnsviasiveslaeu lsilunszumidon Taazviims

v
NAABUNINBUUATHAINITIVY

Tunsdigniluiuannsoaadeunmdiuinmm Tasamsive e saun dyan 1iyn Tns.0s1-423-

8448 lomui
v a o Yy Vv a v
5. msuAaveuvesnainsgiisnlulnsimside

4 awv av < 0 Aaw ' ' [ '
malianidsiilssauanuduss Aiidslasvenuanusuiieninviiu Tasezvelvviu

v
o

T ¥ .
Uiammsuusniwesdiiitvedunsnia santadeeimsaadndaie q fdaduiuimsznieivig

s lulasamsideiidseldsunsw

A @ . 1] o o 4 1 5 -4
wennuasaiy v liaas1¥iadu nSesudszniumdu vinnstvn Tasuwndounsedon

v

Y o1 < Yo aw s uy & v - o @ . o . a
mﬂ%’mmum 1!01"711111'5ﬂﬂ1@ 1798 NITIH0INIATY NTBe1AINAI0INNNARBDIMISIAS U 1A
v

o o °

oulifamuiiin 185 unndiide duiuvelivimudsdiddoivatuniiin1dsulussuiaiini

oglulasamsivy
6. AMMABATInR AT

v
andsnnmssudssmunmnsiianni idifiaens hifalszaed 18 wnnfiles
mm.‘ Su, ”40,)’

%

i3 vy va‘mmmmmmmua"mm‘lummmmﬂﬁuwuﬁnuumﬂn}nmnuﬂ
npnlarmIiie. 103013 e
26 50,25
uilfures

Tumuneng 27 3.0 2557

87



fidoyaiinaasiomsiady Taulsifumu endivaildfiiamsszmuofosdenszmizems
& ° ' 4 - 4 v - e i av a
18 i v dnaau1d Reudu nieddnidionms dniuszniaiivimeglulasimsiveeziing
famuguagunmveiiednlndda
apudadinisulunsdiinueimsdandadhedu uoeinsdu q finusauda szudrdieglu
vy
]

awv - - o o 3 ' 0o aw =3
Tnsamsive iimsulfoulasfoafuguamvearing velivimswalidiisonswlavs?

A an vy “
7 ﬂ]]ulﬂuq"1ﬂ7uﬁ1ﬂﬂ1’l01=laﬂﬂ %

ooa - a 4 a o a a o “ A
muuTomanﬂzmﬂmmimU 1@0ABDN ¥191ANITINILIADA DINTTUINUINIUNINITIADANID

y A 4 a a 4 a 4 “ v
nuuA llﬁ:TOﬂTﬁ“ﬂz(ﬂﬂﬂ'ﬁﬂﬂﬁﬂ)uinﬂl“m]:laﬂﬂwu.lﬁuauu'm

8. aanduan hinswniveu

. a Y a “ . a o o o4

NIUDIVUNADTINTITUNUAYU “507\']1”11‘?[1}10 Nﬂnl"uUﬁ'lﬂ"vlﬁ'“ﬂﬂ\l1ulﬂﬂﬁ15ﬂuﬂu YIDINTT
Yy o o UK ' A Y . Y Yo aw qy o oA
muﬂuqmmulﬁummm'lumtmumnau lwaﬂ'ﬂuﬂﬁﬂﬂﬂﬂi’o@'ﬂ‘lu ﬂ'JﬂliNEYITJﬂU1"VI51UVIu'ﬂluﬂ
a a a a 4
lﬂﬂﬂ']'lllﬂﬂﬂﬂ?ﬂﬂ 9 INAYU

' a9 o - o P P Vo Y aw .
'H'\ﬂ'/l'luuﬂﬂﬂi'df.ﬂﬂ‘] lﬂU'JﬂUﬂ'ﬂlJlﬁUQ'ﬂU'W"“ISUQTﬂﬂ'ﬁI'U15']111111?15\1!“51110 NUAIUNGT0

Yo aw v
iTD'Uﬂ'IlJiﬂﬂFj'Vl1']0019\91'(’1091[’]?11

- Y v ¢ o4 - ' Y . booaa L)
minfimsfunudoyalui q ferviinadenrunlasadovesiniluszniivinudniuiu
Tasamsife Hiidvezudalivinmswiivi lﬁa'lﬁ'muﬁm?m,mm;\sqmﬁi@ég}ﬂﬁﬂi}
08UAI0DNIINMIINY uiltiures 28 5.0, 2556

9. Uszluminmaneldsy “ununey 27 80,2557

. . i v,
mnaransAnpITsannsamuns dndulumangaiiiansiminiuldeFe ool

. v
maudenliuadiiionsimindulumsquaguamvesauies uazannsotlesiuTsaunsndounn
.v . e b 4

asiminnula

10. duaswiiowmatunnmsnwlulasamside

mimmusuaTitadueInMsIve e 18T umsinmediaminzauniuii tazvimnl fiiday
funzihwesfindinisouds Hiidedudeziviayeumldholumsduma i aowmenaiviu
o« o a . §..0% a
Fitamuanumzay tazmsannuluenms anudusen hildvmmsaiimnldaazdnima
nguinoamnAnviuiag

tunsainn 185 udunsiola q nSedeanmsdoyamudviiinerdeanuTnsans o viuause

Fasenufiifone eTa yuTvursug Tns. 085-838-8911 Idmana 24 42 Tua

88




\J kA J & ¢ a v
11. ﬂﬂ'lﬂntﬂlGYl\N]Nﬂ]’lﬂ]??uﬂ]i?i)U

viuee ‘lé’summsmsﬂmou'lcwmmﬂuTfmmsnun1nnauuaqumsqunu'luﬂmmu
Alds1e (A11F90BuRiRvado ety Tnsan13350 g sssudonnuamsunnd uay sdmszrini
Woulfilints §3vaiugsuinvertanun)

vimn:'lﬁ‘lﬁ's"m'iurimauunumnnnn’hs’m'ﬂunw?ﬁ'a uan e 18uAudAunInIun

ta o T
Munzay Tﬂ(ﬂﬂtﬂ'uﬂi@ﬁ: 300 VIMABHUINIY
Y o A- v ot av
12. ﬂ"lil‘ll]flu“ﬂzﬂli?ﬁli}ﬂﬂﬁlﬂﬂi')!ﬁﬂiiﬂ’lﬁ?ﬂu

madhsmlunsisovesinudulavasingle wazenselfasiiszidnisiumeneudaninns
Wuldnnvae Taghides I imarauas higaidols: Tomiiii 185y Tavez hifinadienisquasnuilsn
veviuuAndnla

diivernneuriueanainnisitrsunisiie emaradunmlasasovearing nieiie

3

o e e, o o e s 4 B Al oA
HANUAUMINOEANMIAUTUINIY uSe Tunsdinede 115 5
4 ; 153.1[5% /&

g ; a va o § Yo aw LarninmMIive
- mu1uﬁ1n1inﬂ§]Uﬂﬂ1uﬂ1lLuzuwmg‘nTJilU

a5 28 5.0, 2550
27 &R, 2557 \'

- wsudsemunitlioyana T ums o -

unuany,

- vhuwfmssﬁszniwﬁn’fﬁ'mTﬂﬂmﬁiYu

- Mufieensafog nsammwwﬂnmamammaqﬂgunmsmnms'lasuznn‘lﬂu
Msfiny

- YN Coenzyme Q10 1% umsifnmn

¥
o

) o =1 o LRI ao o
& munmmsﬂimﬂauumisnu1ﬁiuu1mn1u1ﬂsuauiymmnms‘mumm

13. madndeaimndeyannuduvesemaiag

Joyaiiifertosturinmziudunady mnlimsauenanisioszauodunins Yoyala
flaunsoszydad a1z hivsingTusiwam -uanawmilm'thmmﬂﬂlmm1muv.,'lnsums1lnﬂﬂ
uazez Bidlawoudassusu lunsdinanis 150 185unsamun %uazvnaquaqmuﬂmm'lﬁ's"ums
Unilaegiane Tavez ldinmesase$1lnsans3soveari

nNMsaBUTENVEIIINAIITY tazd] u’uaqumsasmmu1mw111lmnaauuunnuaua
vosriWRintozdugalasamsisuudadinn minidesmson@nms I anigand1s viansouds
niedouiiuiinvesnidnmslimdusey Taoda Wi Auzinomaninisim WIansaiumInedy

auu WITS 1 vAtu i ngamm 10330 TnsAni 02-218-1022-24 nsa1s 02-218-1019

89




90

minviwvesn@nms Iifiduvesmdininiivin1didrsm Insams iouds Joyadrudrveai
"1 ' v A4 o a ' 1 o Y] a ' . y A a av ' o
oz lugniunnviu@y ed1lsimudeyadu q veaimengminnldineysuiunanisise uazvmey
>
Tiannsondunudhinlulnsaimsii1den

nnmMsaNduseNve I ISuannsavenswariBuave aiudiieafunisidhsau

v
av a - .

Y Yo " d 1 A ao ' :
Tasams el udummddinumin&fdeidlodiidusmmsisvoyanaminiu

v

4
14. Ansveaitninlulnsamiide

4

Tugmziinaniugidhsnlulnsimsise vimeeidnideo Ui

141 viwmezldsunswidnuuziaziaglsyasiveamsisolunsail

142 v ldsumsetuuRnfusaiiosdinmsveamsisenensinnd sz
qunsali g lums3iondadi

143 s lB5umsefinednnudsaazny bimuiofisr 1850010015330

144 vy 18sunisesviednlse Tomifiviuenns 185u0nms 3y

145 e lSumsdaretimadenlumsinudioiiou v wlequnsaidiinadse
vusumalss Tenfuazanudosiivien 1y

146 ez ldsumsumamalums$nu lunsdiin Tsnunsndounondanisitasu

Tulasamsive

wiminhildumsifiaaudeyadindrnannsadesionldi auznssunisfinsuisiosssy

msvlunu nquanaaiu gad 1 poaanssiumineds $u 4 ermsaoniu 2 sesymiansel 62

0330 Tnsfmm 0-2218-8147 30 0-2218-8141 Tnsas 0-2218-8147

ouunan walyuiu n A
)’J‘

E-mail: eccu@chula.ac.t ﬁf S\ apitlnsenrmie 153. 1[)-1{-
e 28 &0, 2556
27 5. 2557




AmMsuaRNNNENLMNIT M uIATIMT IS

J ] - ‘a ' <
nquniis GudsemuTaeu lmifunuediuien)

U fou...... WA

vl Uszninsmediniedidiusnlumsise

A LY dv - . - W
i Faldanmhemidoeil vouaaInNuIuLoNdIs I Tnsans vy

m339uides unumvea T lssiaamy ua~ms?lnﬁ'wusw’w’muuunusviaﬁﬂﬂmsmmmty
wamu'lu-um"wn uav-uwmuuuqna'ns:mjmnﬂmmmunnmqa'lumrmmw1q 4060 1 #iinaz
sihmifnifiu (THE ROLE OF COENZYME Q,; AND CIRCUIT RESISTANCE TRAINING ON ENERGY
EXPENDITURE AT REST AND DURING SUBMAXIMAL TREADMILL WALKING IN 40-60 YEARS
OLD OVERWEIGHT WOMEN)

4390 wBd gmilvursug fogormsgaquiti an Tanda 17335 ouuaudmsund

UYNUTIU LYALIINER AT 10700 TnsAniiilode 085-838-8911 Biud thitiy@hotmail.com

Y Vo a o o o o o o _aaw = : ' P
Hmd I umnwswazeaiiofuinuay Saguszaedlumsiise TAzIBuATUABUA NS T
a va o ava § o & a 4 as A 4 .
vAolfiianie 1R umsUfiia audsysunsio uazdsy Tomidasadunnnsisudost Taldem
v
Twazdvaluenmsudifisumsiivlavmaon uarldiumesinunnd3se sudiladlethaiud

v '
-t -

fmdSeminslodhinluTasamsiveil awiise WhaenmsFuvadithsmmsive Taothmi

v
o

a - o /a o a a o 4 Y vy

uuuaum:‘lﬁivTﬂlau1=uuﬂ11nu7uaz 200 4AANIN AT 1 1UA HAIBINIT 2 1787 1971-10U lﬁunm 12
o ¢ - v . . & sd M e ' & woa v
qlav TﬂUﬂzUﬂTiﬂi?ﬁ'Jﬂﬁ?uq4 UIMUN tﬂaswun'l'uuu‘luﬂmw u'mnﬁ‘lmui) TUNNOATING 19

. v
oendianluinme (Vo) unzmizidon Usinw 2 Jeusn tlensdn luiuluideanawiiad (MDL) oz hia

i v
(LoL) Tninaiaesea lasndireslsd uaziimia saudnsaedamives Tneu lmilunssuaidon ninoy

“ o

aun15'muué’wauamnuwmﬁuuudaus":u‘lums"is‘fuua:ﬁmtimﬁam:qn

ol g
&
22

! Rk \*rilnwniive, '%3'”‘“?
v - 28 5.A. 2556




2

o

_a - - W 4 A
hmihiidnieeuiaeenainnisisuiielaf Idaunnuszasd Taglidesudaunaera Samsaou

VININ

zZh

v
o

o ' a a o 3 - ¥ IR B39
oty sz hifimansenulumalag wiednilumsquasnuou q Admdizia 14y

a

A100NTINATSI
v i d
so lviadu

' [ 9

v e w a a wa i - g y 3
Imdldsudiusesd fidvedfifredmidrnndoyaiiszy 13 luenasFusadidhsuns
Y-

v

o uazdoyalaq Mnordesiudimdr ifvezifusnvuiiuanudy Tavesinauedeyamsitoiiu
-

v .
amsainiu hifideyalalumsssnuiisnih ldmsseydadmih

wind i lildsumsUfiRasemaiidszyBhuenastuasdidhsaumsise fmidramnse

foadouldfinuznssumsfinsaneiosssumsidolunu nquananniu qad 1 poasnssiiminndo
v

¥u 4 e1m1sa0du 2 wouywiaansa 62 awungrln wadyuiu ngunna 10330

nsfinn 0-2218-8147, 0-2218-8141 TN5a13 0-2218-8147 E-mail: eccu@chula.ac.th

y v

: i
S Idasanviiode illudigaenfmon iafidmid 185uduuendisusadidhs s

Mo wardnmideuaainnudusenliuda

Alidausanlumsive

\aniilasmsive. 183.1 b‘*

28 5.0,
s 3.0, 2556
27 8.0, 2557

iwnuney (

Wou

92



MR NNEHsNIT N TnTINM SISy

nguael (penfmdsnuediadion)

=.

vl UsznnsiredimTediidusnlumssi

A o 3 - 1 - o
fid da1%aauhomidori VOUAAINNNTUBEITIT I TRTan15 35

m‘nnmsaq u‘num'uaﬂmau'lwmmu uavms?lﬂmuusm1uuumwsmnaﬂﬂmsxmwmty
WE‘IN“ﬂWUN Lin uaww.,muuugnnns ﬂummm’numu1inmqﬂ1ummmqmq 40-60 1 1 vmrm:
umunmu (THE ROLE OF COENZYME Q,; AND CIRCUIT RESISTANCE TRAINING ON ENERGY
EXPENDITURE AT REST AND DURING SUBMAXIMAL TREADMILL WALKING IN 40-60 YEARS
OLD OVERWEIGHT WOMEN)

19

v ww0dA yunfivuasug federmsyaquinil adin Tund 17335 auuauAINs T U

oF

a.

WVRUNTIU un1andn ngamm 10700 Tnsnriilofo 085-838-8911 B thitiy@hotmail.com

3 Vo - a o o o o °o aw
hvids "lmunﬂuswa%azmmtnnmnu1ua~mqﬂs:mﬂ1un1svm«w swa:momunaumqq i
wdonlfianTe 145 umsUfiia mnudovsunse uaziss Tonidaniadunnmsivodost Tav1dem

PAGHE) uw’1umnmmmmmsmmsai)u'iﬂumaﬂ uazldsumeBuienngive audladhiethaiuds

1’1’1vﬁﬁ'ﬁwﬁ'mhu‘fﬁm'lu'iﬂsqms?ﬁuﬁ"mu'?l's"u'l'ﬁumnmsmmﬁmswmsnu Taodud
uuuaunauuuuﬂaummwaﬂsomummwsaunoumsaanmamw ua.msums‘?lnﬂwusamuuuu
wesiflunat 12 da S 36 ada Tﬂuvumsmnmmum Wmin wediFud lviulusante
wandauiio Uuiingasinis ldeendioulusrame (vo,) uazinziden ﬂsum 2 Foum 1iensae Ity
Tudeanswiing (HDL) ua°'hm (LDL) TRiaainnsea “lnsnawos"lm waziana tms9iamvesla

(0111‘)1’11 lunszumidon mnauuauummi’mu mamswu mﬂauum'ueuamnuwmnuuumus'Ju'lu

A3/t
y sgniaanun
nM3ivuiazAeddenszgn anmMIis. 78 5.0, 25%
7750, 557
NUA BV ccore

93



)
-1 o - o “ v 4 &
Tdriidngooudaoonvinmsisuilelailéauamnlszaed Taohideadangua Jan1sneu

L
o

Moonninmsiioiiu srhifinansznulunislaq niednilunisquasnuisu q Admdrosia 185y
vy v
Ap T adu

. v 4
Tmd I8 ufmiusesd §isvenlfidredimidnudoyaiisoy e narsdusadidismms
¥

Ay uazdoyalan Widvrdestudmdr Fifveniusnuuilunnady Taveziinauedoyamsisuiiu

v .
amsaniniu hifideyalalumssiwandisniligmsseysadmd

v

mndmd hildumsdfifasmuildylhuenmstussdidisaumsise Smdiaunse
foaSonldiinuznssumsiinisaneTosssumsisoluay nduamanity ¥ail 1 pmasnseinmInndy

Ce

o

¥4 0msaoIu 2 weuyniadnsel 62 auungrln wadyuiu ngunma 10330

n3finil 0-2218-8147, 0-2218-8141 TnseNs 0-2218-8147 E-mail: eccu@chula.ac.th

. ¥ v v
Hd%aeaeiiode Pidudgromimons iviidmid 18sudmmenassusadidismms

aw

o narduunmidouaannudusen13uds

@ @

#Ivumdn
woitlanmiaise 153.1 / *
uitfures___ L & &0, 2556

Tunumery. 27 8.0, 7557 =t

Wou

94



95

en@InanInImtugeI Iy Insams3sy

nQueY (s"mJs:n1uTﬂmu‘lmﬁﬁamufmﬁumsaonﬁm’mw)

MW Aou... A

~. - . “ - J - o
il dsznnsiredramTedidusmlunmssie

J o Y - . - W
b FalBaamnteomidoil vouaaInmtuseuthsm Tnsans 3y

M350 unumves Taeu lanfdamy ua~ms?lné"wusqmuuumwsnaammmnmmty
wamu'lu'utu"wn uav'um"muuuqna'ns.nummm‘numunnmqn'lumrmmmq 40-60 1 fifinnay
umumnu (THE ROLE OF COENZYME Q,o AND CIRCUIT RESISTANCE TRAINING ON ENERGY

EXPENDITURE AT REST AND DURING SUBMAXIMAL TREADMILL WALKING IN 40-60 YEARS
OLD OVERWEIGHT WOMEN)

v,’g’ 0 W0TA gulTvuasug nagmmwaquwu ain Duindr 1335 ouumuRINszJuind

o

IHJ’)»I‘U'I»IU‘U‘N WALNINGA AIUNNWY 10700 Tmﬂwnuana 085-838-8911 Ollli’l thitiy@hotmail.com

i "lo’\'%’unnuswa:l‘éun1ﬁu1ﬁuﬁmua~1’wqﬂs°mﬁ1umsﬁﬁﬂ"u Ay mumunaumaq ii
4
Ao fiane I8 umsUiia awidsysuaso uazilszTomiGamiadunnmsisudesd Taglds

IaY lﬂUﬂhllOﬂﬁ”lS‘]ﬂliNNl‘U'li')Uﬂﬁ'Ji)UTﬂUﬂaDﬂ ua""lmumasmumnmnu wwﬂmi’]uammm’\"z

Sidieminslodhsnlulasemssieil muﬁszu'mumnms‘?;lm:’fn’hs'wn1ﬁ€u Tavthwidh
ﬁuuaunauuuuaaun'mw‘iaﬂs siiuanundounoumseenidany uazdulszmuTaeu lsifamuiu
200 fadniu ﬂiiﬁu 1 A nd1ems 2 nat @y smnumsﬂnﬂwusmwuumnnflunm 12
znlm'n 117 36 Ass Taoeziimsasnniadauga simin Wedidud luiulusume wondmuile tuitn
onimslFeandioulusianie (vo) uazinrzidon Ui 2 Foum ilonsan luiuludonreyiag

(HDL) uav'hm (LDL) Tﬂmﬁmaiaa lasndires1sd waziihnia smdnsnTamives Tnien iy

v

-

153.1/ 54
28 5.0,
27 5, 2557




3
- a a o - e 4 J
fmidiidnoeudaeonninmsiiuilelaf ldnnnlsyaed Tarhideaudamgua Famsney

-~ aw : ta a a -~ a - <t .

Mvennnmaifuiu v hifinansznulumalaq uSednilumsquainuisu q Admidieialdsy
y »

folurady

dmid1Asufsuseah Hiivesfiddedimidrnudoyaiisey 13 luenarsFusedidisums

- o

v uazdeyalaq Minvateatudindy WosziuTnuuilunnudy TavszriuauedoyanisIvuilu

bl .
mwsaumintu hilideyalalunsnvadeihligmssayidinds

v

modmd bildsumslfitassandildsayBluenmsuesditisanmsdsy famdrannsa

foasoulAfinuznssumsiinisanaiesssumsdioluny nquavanniu gai 1 yansaiumInedy

>

¥ 4 01msd01Uu 2 ¥BUWIAINT O 62 auungIn wadnuiu ngamwa 10330

Tnsfny 0-2218-8147, 0-2218-8141 Tn3a15 0-2218-8147 E-mail: eccu@chula.ac.th

Yy

A o N .yl - - o 4 '
Imdr IRasasilove iidludidgdenimon i 1dsudwunenasdusadidhsuns

Wo uardmnmideuaaniutuoen13uda

L 12 N X
o5a YIS yuasy ( )
Al lumsise
arilasemiive
TuiTuree 4
27 &.A. 2557 N
Ununey ( )

Wo

96



prmsuaanNuivenlulnsamsity

nqud (NquAUAY)

un RO e WA

el dsennsmedansediidiusnlumsise

4 . T 2 , ae
Pid daldaaumhomiadedt veuannudusendisninsinmsise

ms39ui503 unumvea Taew Terffam wazmsAndrous i mnuuesdesanImsHaIY
waaamluvaein ua:mu:lﬁuuuq'na?is:ﬁuv';1m'm:nummanaqn'lumannjww 4060 T #iin12y
yhmiinifu (THE ROLE OF COENZYME Q,; AND CIRCUIT RESISTANCE TRAINING ON ENERGY
EXPENDITURE AT REST AND DURING SUBMAXIMAL TREADMILL WALKING IN 40-60 YEARS
OLD OVERWEIGHT WOMEN)

o

v wBA glSyuasug fegormsyaquitil odn Juindh 1335 ounaumdanszthunda

D

ch.

YU RETU 1AM AU 10700 Tnsfviiiede 085-838-8911 Bid thitiy@hotmail.com

Y Vo - 4 o o o o o aw o & ' P

dmid IdSunnwswazBeaiinduinuariaglsrasdlumsiise swazidvavuADUAY fi

a va o awva - o & P av 4 o ]
whewfianTe 1T umsUfua amdsuduaso uazdsy TemiFezfindunnmsisudeai Taeldsm

nwazdvaluenmsFudidhiumsitulasnaen uazldFumesuenndise swdlodhuedeiiuds

fmdtaadinslodiintulnsams3ied awdisoy BluenasSusadithimmsise Tastmd
- - ' .’ - =1 03 ) -4 ™ ™
dusenIinisasiedadauge vmin wedidud luiulusune wvaandunite sufingasinis1e

. v
pndinulusme (Vo,) uazimzden Usim 2 doumn iense luiuluidemiswiind HDL) uaz g
v v
(LpL) Tniamansoa lasndiwes s uazthaia saudmsrviamves Tnienlnilunszuaiden waroy
o av 4 a4 & ao Y A4 Y o oya av v 1 a

wazndinsile o edumsisudadoyaiiivrdesivdiidminlumsionazdrodrudenszqn

v
Mawianua

aa a o aw 4 o
fnddidnioendroenninmsiiudiolai Idnmnnlszaed Taolidesudamgua Famsnou
v ) .
deennnmsItuiu sehifinanssnulumalag ufednslumsquasnuidu q Admdrerineldsy
153.4/5%
28 5.0, 2556
27 8A. 2557

971



2

wva y_ .

3 »
S ldumsusesi §ivenlfiAdedmdimudoyaiiszy I uenarssusadidrsuns

- o - o o

i nazdoyalaq Miivadesnudmid fifvrzifuiauuiunnudy Tavezinauedeyanisivuiiu

.
o

v
amaminiu hiidoyalalumsswandissilgmsseyddid
mnd i lildsumsyfiRnssanildsayBuenaisuosdididaumsise fdraunse
fosouldiinuznisumsiosansiusssumsioluau nquananiiu yad 1| poasnsehnninnds
v
¥u 4 oImsd0IUu 2 yeuywiadnsel 62 owungrln (vadnuiu ngunna 10330

Tnsfinn 0-2218-8147, 0-2218-8141 In5@15 0-2218-8147 E-mail: eccu@chula.ac.th

v
v

) v v
P ldasmeiiode iidudgaemimen iafidmidr I8sud wuenansussfidhsums

Wo uazdwnmiideuaninnuduvey1iuda

4

W s mensnmemanrmaem T st s

OTA YPIUUTPUATHD = (oo )
AIdumdn Alidausmlumsive

rlasm . 153- I)\f

28 &.0. 2556
I eee—— e 4
LT - 27 &R, 2557 ( . )

WO

98



APPENDIX G
GS CERTIFICATE (Sanctband Exercise Band)

TUVNORD /

Zertifikat

Certificate
Registrier-Nr.
Registered No.
44 322 09 366822
Zeichen des Auftraggebers Auftragsdatum Aktenzeichen Prifbericht Nr.
Customer’s reference Date of order File reference Test report no.
- 29.10.2008 2.4-4000/09 Bul/Spri TWR081027 001
Name und Anschrift sanctuary Health Sdn Bhd Name and address of

des Auftraggebers the customer

464, Jalan Kuala Kangsar,
30010 Ipoh, Perak, Malaysia

ist berechtigt, das unten

2 /\ is authorized to
genannte Produkt ) provide the product
mit dem abgebildeten Zeichen mentioned below with
zu kennzeichnen the mark as illustrated
Fertigungsstatte sanctuary Health Sdn Bhd Manufacturing plant

464, Jalan Kuala Kangsar,
30010 Ipoh, Perak, Malaysia
Gepriift nach DIN 32935: 1987 Tested in accordance with

Das Produkt entspricht den Anforderungen des Gerite- und Produktsicherheitsgesetzes GPSG § 7(1)

The product is conform with the req of the Equip t and Product Safety Act - GPSG § 7(1)
Beschreibung des Gymnastikband aus Latex, Description of product
Produkies Typ SB-001, SB-002, SB-003, SB-004, SB-005, SB-006 {Retals 3o dnoey)
(Details s. Anlage 1)

Sanctband Exercise Band / Pulling Exercise Equipment,
model SB-001, SB-002, SB-003, SB-004, SB-005, SB-006

TUV NORD CERT GmbH Giiltig bis / Valid until:  07.01.2014
Zertifizierungsstelle fir

Produktsicherheit

Q Essen, 07.01.2009

Bitte beachten sie auch die umseitigen Hinweise
Please also pay attention to the information stated overleaf

Langemarckstr. 20 + 45141 Essen ¢+ Fon +49 (0)201 825 5120 + Fax +49 (0)201 825 3209 + Email: prodcert@tuev-nord.de



TUVNORD

Anlage 1 zum Zertifikat Nr.: / Annex 1 to Certificate No.: 44 322 09 366822 Seite / Page 1 von [ of 1
Aktenzeichen: / File reference: 2.4-4000/09 07.01.2009
Produktart: Gymnastikband aus Latex

(Sanctband Exercise Band/ Pulling Exercise Equipment)

Typbezeichnung: SB-001, SB-002, SB-003, SB-004, SB-005, SB-006

Ursprungszeichen: Sanctuary Health Sdn Bhd

Farbe: SB-001 | SB-002 | SB-003 | SB-004 | SB-005 | SB-006
Gelb ' Orange ‘ Grin | Blau l Violett { Grau

Die oben aufgefiihrten Produkte diirfen wie folgt gekennzeichnet werden: /\

The above mentioned products could be provided with the following marking: rw m

TUV NORD CERT GmbH

Zertifizierungsstelle fir gepriifte

Produktsicherheit Sicherheit

G) G

Langemarckstr, 20 + 45141 Essen + Fon +49 (0)201 825 5120 + Fax +49 (0)201 825 3209 + Email: prodcert@tuev-nord.de
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APPENDIX H
CIRCUIT RESISTANCE TRAINING PROTOCOL

101

The circuit resistance training (CRT) program, were trained by pulling the band

for 3 circuits (10 muscle training positions in each circuit with 60-90 seconds rest

interval between each circuit). Each muscle training position was trained with 1 set

and with 8-12 repetitions a set and then was alternatively trained with the other

muscle groups without any break in one circuit. They were trained 3 days a week for

every other day until 12 weeks.

10 Resistance Band Exercises

1. Biceps curls

2. Triceps extension
3. Chest presses

4. Pull back

5. Squats

Load

No. Exercise

Time per station

No. Circuits per session

Rest interval between sets
Rest interval between circuits
Speed of execution

Frequency

6. Hip abduction

7. Abdominal crunch
8. Kick back

9. Lateral toward back

10. Single leg curl

3 sets with 8-12 RM each set

10 exercises

30-60 seconds
3 sessions
Continuous

60-90 seconds

Slow to medium
3 alternate days per week

(Monday, Wednesday, and Friday)
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CIRCUIT RESISTANCE TRAINING (CRT)

Exercise 1 (Biceps curls)

- Stand in neutral position.

- Wrap end of resistive band around each hand.

- Loop band around both feet, keeping feet shoulder-width apart.

- Raise hands up.

- Repeat for 8-12 repetitions.
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Exercise 2 (Triceps extension)
- Stand in neutral position.
- Grip resistive band with both arms.

- Slowly lift up the resistive band one side at a time above your head.

- Repeat for 8-12 repetitions.




Exercise 3 (Chest presses)
- Sit on floor.
- Grip resistive band with both arms.

- Hold resistive band behind your back.

- Slowly Stretch forward with both hands.

- Repeat for 8-12 repetitions.

7
.
.
.
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Exercise 4 (Pull back)

- Sit on floor.

- Hold resistive band firmly with supported at feet.
- Slowly pull backwards while maintaining tension.

- Repeat for 8-12 repetitions.
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Exercise 5 (Squats)

Grip resistive band with both arms.

- Squat lower and bend knee.

Straighten body while maintaining tension on bands.

Repeat for 8-12 repetitions.
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Exercise 6 (Hip Abduction)
- Place both legs in the resistive loop band.
- Extend outwards.

- Repeat for 8-12 repetitions.




Exercise 7 (Abdominal crunch)

- Sit on resistive band and hold both ends.

Sling resistive band behind shoulder.

Bent and maintain tension.

Repeat for 8-12 repetitions.

108
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Exercise 8 (Kick back)
- Place both legs in the resistive loop band above knees with neutral position.

- Single leg curls using gluteus muscle strength.

- Repeat for 8-12 repetitions.
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Exercise 9 (Lateral towards back)
- Hold resistive band with arms extend forward.

- Pull towards back and sideways.

- Repeat for 8-12 repetitions.
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Exercise 10 (Single leg curl)
- Place both legs in the resistive loop band above ankles with neutral position.

- Single leg curls using hamstring strength.

- Repeat for 8-12 repetitions.
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