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ABSTRACT

The purpose of this study was to compare the effects of interval training and
weight training on blood lactate level and athletic performances. Twenty male subjects
were Sports Science students of Mahidol University, aged 18-22 years. Statistical
method of simple random sampling was used in this study. Subjects were divided into
three groups: control group (n=7), interval training group (n=7) and weight training
group (n=6). Both training groups were trained at the same duration (40-50 min) and
frequency (3 times/week) for 6 weeks. The intensity of interval training was set at
70% maxHR during high intensity exercise and 50% maxHR during low intensity
exercise. The intensity of weight training was set at 70% RM using weight machines.
Data collected including body weight, height, body mass index, resting heart rate,
blood pressure, maximum oxygen consumption (VO,max), leg strength, flexibility,
percent of body fat, lung vital capacity, anaerobic capacity, running time test and
blood lactate level (by Bruce’s protocol) before and after each exercise training
program. Paired t-test and one-way ANOVA were used to analyze the data. The level
for statistical difference was set at p<0.05.

The results showed that maximum oxygen consumption, leg strength,
flexibility, lung vital capacity, anaerobic capacity of the post-training in interval
training group and weight training group were significantly (p<0.05) higher than pre-
training, percent of body fat did not change. It was found that two exercise training
programs had influence on blood lactate level. Interval training program significantly
decreased lactate level in blood capillary more than the weight training program. This
finding suggested that two training exercise programs were beneficial to develop
strength, anaerobic power and delay muscle fatigue. Moreover, higher intensity
training may improve running time performance in 400 meters distance. A longer
exercise training period and higher intensity training in other methods are
recommended for future research.

KEY WORDS: INTERVAL TRAINING / WEIGHT TRAINING /
BLOOD LACTATE LEVEL / ANAEROBIC CAPACITY
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CHAPTER1
INTRODUCTION

Physical fitness is important in running performance; including running
velocity, muscle strength and power which release major energy metabolism. The
ATP is predominantly supplied to the working muscles by way of anaerobic or aerobic
metabolic pathways, the rate of ATP utilization depends on the intensity and duration
of the activity performed (Foss and Keteyian, 1998). During high intensity exercise,
the aerobic energy system is often unable to replenish ATP at the required rate. By
additional anaerobically glycogen breaking down, the muscle cell is able to synthesize
ATP at a greater rate than is possible via aerobic mechanism alone. However, one of
the by products of glycolysis was lactic acid (C3HeO3). This, in turn, immediately
dissociates into the lactate ion and hydrogen ion (H"). Several studies reported the
hydrogen ion (H") and lactic acid have been implicated as one of the causes of fatigue,
either through interfering with muscle contractile function or inhibiting cellular energy

production (Robert et al., 2004; Falkel & Cipriani, 1996). Previous studies investigated

that the relation between weight training program and accumulate blood lactate level
on physical fitness. Izquierdo et al. (2005) studied the effects of combined resistance
and cardiovascular training in middle-aged men for 16-week. They indicated that no
significantly different between groups (resistance training program, endurance training
program, combined the resistance training program and endurance training program)
in submaximal blood lactate accumulation during exercise. Izquierdo et al. (2003)
studied the effects of strength training on performance in middle-aged and older men,
after the first 8 weeks of training, submaximal blood lactate accumulate in both groups
was decreased but did not change in the subsequent 6 weeks of all groups. Marcinik

and co-workers (2003) presented the effects of 12 weeks of strength training on lactate
threshold (LT) and endurance performance. The results showed that improvement of

performance appeared to be related to both increases in lactate threshold and leg
strength. Edge et al. (2006) investigated the effects of exercise training on muscle

buffer capacity and H regulation. They concluded that the high-repetition, short-rest,
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resistance training did not improve muscle buffer capacity in active female, but it did
reduce H' accumulation during high intensity exercise. Coelho and co-workers (2003)
compared physiological responses in 2 high-speed resistance training protocols in
untrained adults. The two different protocols (12 repetitions per set and 6 repetitions
per 2 set) had significantly value of accumulated blood lactate (5.7+0.5 and 6.7+0.3
mmol/l, respectively) between both training programs.

Burke, Thayer and Belcamino (1994) compared the effects of two interval
training programs on lactate and ventilatory threshold. They concluded that both
formats of high intensity aerobic interval training produced similar changes in
VO,max, lactate threshold and ventilatory threshold and that these changes appeared
to be independent of the length of the work interval. Poole and Gaesser (1985) studied
the response of lactate thresholds to continuous training and interval training. They
concluded that continuous training and interval training were equally effective in
increasing lactate threshold. Favier et al. (1986) studied the effect of endurance
training on accumulate lactate production. They suggested that the lactate produced
was reduced by muscle during contractile activity. Hurley et al. (1984) studied the
effect of training on blood lactate levels during submaximal exercise. This result
showed that lactate concentrations at 55-75% of VO,max were significantly lower in
blood after training. Seiler and Sjursen (2004) presented the effect of duration on
physiological and rating scale of perceived exertion (RPE) response during self-paced
interval training. Their data suggested that RPE increased by 2-4 U during an interval
training session, the mean lactate concentration was similar across session. Alexandre
and co-workers (2001) reported that the decrease of O, deficit was a potential factor in
increasing time to exhaustion after specific endurance training. It also showed that, for
the same absolute supralactate threshold adaptation concerning the VO, kinetics may
lead to performance improvements in well-trained subjects. Nilsson et al. (2004)
studied the effects of 20-s and 180-s double poling interval training in cross-country
skiers. They concluded that different work load durations at 180-s had significantly
reduced blood lactate concentration at submaximal workloads, on the other hand,
nothing was changed at 20 s. Gottlieb-Vedi (1995) studied the metabolic effects of
interval training at the velocity producing a lactate level of 4 mmol/l (VLA4). Their

results indicated that training program at VLA4 was sufficient to cause adaptation
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changes in exercise tolerance related parameters. In 1989, Gladden et al. reported that

the sprint-power athletes who performed maximal short-term exercise had their blood
lactate level 20% to 30% higher than untrained subject who performed similar
exercise. The mechanism for this response was unknown, but it may be partly a result
of difference in motivation accompanying the trained state, as well as an approximate
20% increased in enzymes that regulate glycolysis, specifically phosphofructokinase,
which accompanies anaerobic training in the athletes. Since the blood lactic acid
measured at a particular time during recovery may not likely to give the full picture of
individual’s capacity for anaerobic metabolism. However, effect of immediate post
exercise blood lactate concentration generally related to exercise intensity, exercise
duration and also depend on the number of bouts and rest period of short-duration
high-intensity exercise (Brinkert et al., 1999; Foss and Keteyian, 1998).

Since, the relative importance of training programs and blood lactate had
systematically investigated in athletes; the present study sought to investigate more
about the effects of different exercise programs with weight training and interval
training and to compare the blood lactate level, VO,max, anaerobic capacity and peak

power between two training programs in more details.
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Hypothesis

It was hypothesized that different physical training programs may enhance the
decrease of blood lactate level and running time.
Objective

1. To investigate effects of weight training program and interval training
program on blood lactate level.

2. To study the effects and compare between weight training program and
interval training program on physical fitness.

3. To compare the running time in 100, 400 meter distance before and after

training program.
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CHAPTERII
LITERATURE REVIEW

1. Energy system for exercise

The individual’s fitness was the combined result of the coordinated exertion
and integration of variety of functions. It was impossible to present one formula that
takes into account all aspects of a person’s maximal performance. Fitness was highly
task specific. Energy transducer well fitted to one pattern of working was quite
inappropriate for an activity that requires some other pattern of energy release.
Distinction must thus be drawn between tasks that require, respectively, a high degree
of coordination and psychomotor skill, explosives force, muscular endurance, cardio-
respiratory endurance, and so on.

Cardio-respiratory fitness has been defined as “the ability of a man to maintain
the various processes involved in metabolic exchange as close to the resting state as, is
mutually possible during the performance of a strenuous and fully learnt task for
moderate time (1-60 minutes), with a capacity to reach a higher steady rate of working
than the unfit, and to restore promptly after exercise all equilibrium which are
disturbed”.

Endurance in some physical activities such as distance running, swimming, and
cycling limited by the capacity of cardio-respiratory system to deliver oxygen to the
working muscles and to carry chemical waste products away from them (Lamb, 1984).
The degree to which circulation and respiration limit one’s performance depends on
many factors, chief of which are the intensity of the exercise, the duration of the
activity, and the amount of static muscle contraction involved. In general, the lesser
the intensity, the longer the duration, the lesser the amount of static contraction
involved, the more that performance in the activity limited by the functioning of the
cardio-respiratory system. Distance running, for example, was a relatively low

intensity, long duration activity consisting mostly of rhythmic, non static muscle
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contractions and limited mainly by aerobic capacity. Some events, such as middle
distance running are not limited so much by endurance of a few muscle groups or by
oxygen transport capacity and capacity for anaerobic ATP production in large muscle
groups.

Thus, all endurance activities have both aerobic and anaerobic components.
Table I shows one way of classifying some activities based on the degree to which the
energy for these activities derived from anaerobic sources within the transport of

oxygen to the muscles.

Table 1. Aerobic and anaerobic energy production in various activities.

Activity % Anaerobic %Aerobic Activity
Energy Energy Classification
50 m. sprint 95 5 Anaerobic power
100 m. sprint 85 15 Anaerobic power
200 m. sprint 80 20 Anaerobic power

Anaerobic capacity
400 m. sprint 70 30 Anaerobic power
Anaerobic capacity
800 m. run 60 40 Anaerobic capacity
Aerobic capacity
Anaerobic power
1500 m. run 40 60 Aerobic capacity
Anaerobic capacity
3000 m. run 15 85 Aerobic capacity
Anaerobic capacity

42 km. run <1 >99 Aerobic capacity

Lamb DR. Physiology of Exercise. New York: Macmillan Publishing Company, 1984.
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There are three common energy processes for the production of ATP (Table 2):
1) ATP-PC (Phosphagen system)
2) Anaerobic glycolysis (lactic acid system)
3) Aerobic system (oxygen system)

Table 2. General characteristics of the three systems by which ATP is formed

02 Relative ATP
System Fuel ) Speed .
required production
Anaerobic
ATP-CP system Phosphocreatine No Fastest Few; limited
Lactic acid Glycogen (glucose) No Fast Few; limited
system
Aerobic System Glycogen, Fat, Yes Slow Many; unlimited
Protein

Edward Fox, Richard Bowers, Merle Foss; The Physiological Basic for Exercise and

Sport; 5™ edition; 31, 1993

Two of three metabolic systems involved in ATP re-synthesis, the ATP-PC
(phosphagen system) and anaerobic glycolysis (lactic acid system) are anaerobic.
Anaerobic means without oxygen and metabolism refers to the various series of
chemical reactions that take place within the body. The ATP-PC (phosphagen system)
include adenosine triphosphate (ATP) and phosphocreatine (PC) that both of it contain
phosphate groups. The end products of this breakdown are creatine (C) and inorganic
phosphate (Pi). The energy is immediately available and biochemical coupled to the
synthesis of ATP. As rapid as ATP is broken down during muscular contraction, it is
continuously re-form from ADP and Pi by the energy liberated during breakdown of
the stored PC. The importance of the phosphagen system found in the powerful, quick
start of sprinters, high jumper and by similar activities that require only a few seconds
to complete. The phosphagen system represents the most rapidly available source of
ATP for use by the muscle. Some of the reason for this is 1) it does not depend on long

series of chemical reactions. 2) It does not depend on transporting the oxygen we
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breathe to the working muscle. 3) Both ATP and PC are stored directly within the
contractile mechanism of the muscle. The other anaerobic system in which ATP is re-
synthesized within the muscle, anaerobic glycolysis; involves an incomplete
breakdown of carbohydrate to lactic acid. In the body, all carbohydrates are converted
to the simple sugar glucose, which can either be immediately used in that form or
stored in the liver and muscle as glycogen for later use. Lactic acid is a product of
anaerobic glycolysis. Glycogen is chemically broken down into lactic acid by a series
of reaction. During this breakdown, energy is released and, though coupled reaction, it
is used to re-synthesize ATP. Anaerobic glycolysis, like the phosphagen system, is
extremely important to us during exercise primarily because it also provides a
relatively rapid supply of ATP. Lactic acid is produced and tolerated so that a precious
few additional ATPs can generate. However, not many, but a few more until the cells
become so acidic that they cannot effectively function. This ability to continue to
generate some ATP and tolerate the buildup of lactic acid and compromised muscle
function may have important implications for survival in life threatening situations.
The most rapidly accumulated and highest lactic acid levels reach during exercise that
can be sustained for 60-80 seconds.

Another one common energy processes is aerobic system (oxygen system). In
the presence of oxygen, When 1 mole of glucose from glycogen is completely broken
down to carbon dioxide (CO;) and water, releasing sufficient energy to re-synthesized
39 moles of ATP. There are many steps of reactions of the aerobic system which can
be divided into three main series: First, aerobic glycolysis; the first series of reaction
involved in the aerobic break down of glycogen to CO, and H,O is glycolysis. Oxygen
then divert the majority of the lactic acid precursor (pyruvic acid), into the aerobic
system. Second, the Krebs cycle; the pyruvic acid formed during aerobic glycolysis
passes into the mitochondria and continues to be broken down in a series of reactions.
A number of significant events occur during the cycle, carbon dioxide and ATP are
produced, oxidation occurs. Last continuing in the breakdown of glycogen, the end
product, H>O, is formed from the hydrogen ions and electron that it is removed in the

Krebs cycle. In this reaction 39 moles of ATP are generated per 1 mole of glucose.
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2. Exercise

2.1 Aerobic training

There is important factor in formulating an aerobic training program. The
training must be geared to provide a sufficient cardiovascular overload to stimulate
increase in stroke volume and cardiac output. This central overload should be
accomplished with the appropriate muscle groups to concurrently enhance the local
circulation and metabolic machinery within the specific muscle. The essentially
embodies the specific principle as applied to aerobic training. Simply stated, runners
should run, cyclist should cycling, and swimmers should swim. Brief bouts of repeated
exercise (interval training) as well as continuous, long-duration work (continuous
training) enhance aerobic capacity, if the exercise is sufficiently intense to overload
aerobic system. Interval training, continuous training, and Fartlek training are three

common methods to improve aerobic fitness (McArdle and co-workers, 1994).

2.1.1 Continuous training

Continuous or long slow distance training involves steady-paced
exercise performed at either moderate or high aerobic intensity (60 to 80 % VO, max)
for sustain duration. The exact pace can vary, but it must be sufficient threshold
intensity to ensure physiology adaptation. Continuous training for an hour or longer is
popular among joggers and other fitness enthusiasts as well as competitive endurance
athletes. It is not common for distance runners to train twice a day on a yearly basis
and run between 160 to 240 km each week. By its nature, continuous exercise training
is sub maximum and, therefore, can be engaged in for considerable time to relative
comfort. Because of the potential hazards of high intensity interval training for
coronary-prone individuals, continuous training is particularly suitable for those just
beginning an exercise program (American College of Sports Medicine, 1995). When
applied in athletic training, continuous training is really over distance training, with
most athletes covering between two to five times the actual distances of their racing
event. It believes that over-distance training produces the largest aerobic adaptations in
both the central circulation and peripheral tissues. Overload is generally accomplished
by increase exercise duration, although the work rate increase progressively as training

improvements are achieved. One of the advantages of continuous training is that it
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permits training at near the same intensity as actual competition. Because the
recruitment of appropriate motor units depends on work rate, continuous training may
be best suited for the endurance athlete in term of adaptations at the cellular level

(Fouriner et al., 1982).

2.1.2 Fartlek training

Fartlek or speed play training is a relatively unscientific adaptation of
interval and continuous training that is well suited for exercising in out doors over
natural terrain. With this system, alternate running is done at both fast and slow speeds
on both a level and hilly course. In contrast, to the precise exercise prescription in
interval training, fartlek training dose not require systematic manipulation of the work
and relief intervals. Instead, the performers determine the training scheme based on
“how it feels” at the time. If done properly, this system develops one or all of the
energy system. An added advantage is the flexibility it affords in determining the
extent of training. Although lacking the systematic and quantified base of interval and
continuous training, fartlek training is ideally suited for general conditioning or off-
season training and for maintaining a certain freedom and variety in workouts

(McArdle and Co-workers, 1994).

2.1.3 Interval training

The interval training prescription can be modified in terms of intensity
and duration of the exercise interval, the length and type of relief interval, the number
of work intervals (repetition), and the number of repetition blocks (sets) per workout.
Many elite athletes attribute their success to interval training (Fox et al., 1975). With
the correct spacing of exercise and rest periods, a tremendous amount of work can be
accomplished that would not normally be completed in a workout in which the
exercise was performed continuously. Repeated exercise bouts (with rest periods or
relief intervals) can vary from a few seconds to several minutes or more depending on
the desired outcome. Adjustment of any or all of these can easily be made to meet the
specific requirements for different performance. This offers flexible options for
developing the anaerobic and aerobic energy transfer systems. A longer work interval

engages the aerobic system, whereas shorter exercise interval place greater overload
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on the anaerobic energy system. One value of interval training is that it permits high
intensity, intermittent exercise for a relatively long period. In essence, a person can
reach max VO, repeatedly in training session. For example, few people can maintain a
4 minute mile pace for longer than a minute; let along complete a mile within 4
minutes. If running interval, however, is limited to only 15 seconds followed by 30
seconds of recovery, it would not be exceedingly difficult to maintain these exercise-
rest intervals and complete the mile in 4 minutes of actual running. Although this do
not suggest a world class performance, the point is that a significant quantity of
normally exhausting work at high levels of both aerobic and anaerobic metabolism can
be achieved with the proper spacing of rest and work interval (McArdle and Co-
workers, 1991).

In the example of a continuous run at a 4-mile pace, a large portion of
energy would be supplied through anaerobic glycolysis. Within a minute or two, lactic
acid levels would rise precipitously and the runner would become exhausted. With
interval training, repeated work bouts of about 15 seconds would permit a severe load
to be imposed on the aerobic energy system of specific muscles without an appreciable
buildup of lactic acid. Fatigue incurred during the work interval would be minor and
recovery could take place quickly. The work interval could then begin after only brief
rest period, and a high level of aerobic metabolism would be sustained. For training
the long-term aerobic energy system, the work-recovery interval ration is usually 1 to
I or 1 to 1.5. During a 60 to 90 second exercise interval, for example, oxygen
consumption is insufficient to meet the energy requirements of the exercise. The
recommended recovery interval enables the succeeding exercise interval to begin
before recovery was complete. This ensures that the circulatory an aerobic metabolism
stress reach near peak levels even though the exercise were interval relatively short.
With longer periods of intermittent exercise there is sufficient time for metabolic and
circulatory adjustments, thus, the duration of the rest interval are not as crucial

(McArdle and Coworkers, 1991).
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2.2 Anaerobic training

The capacity to perform and maintain in all out exercise for brief periods of
time up to 60 seconds is largely dependent on ATP generated by the immediate and
short term anaerobic energy system. Methods of anaerobic training have common
objective to develop phosphagen used to generate energy in athletes.

The phosphate pool: sports such as weightlifting and various other brief sprint
activities rely almost exclusively on energy derived from the muscle’s phosphate pool.
The phosphate pool can be overloaded by engaging specific muscle in repeated
maximum bursts of effort for 5 to 10 seconds. Because the high-energy phosphate
supply energy for intense, intermittent exercise, only small amounts of lactic acid are
produced and recovery is rapid. Thus, a subsequent exercise bout can begin after a 30
to 60 second rest period. This use of brief all out work periods interspersed with
recovery represents a specific application of interval training, a technique useful for
anaerobic conditioning. In training to enhance the ATP-CP energy capacity of specific
muscle, the activities selected must engage the muscle at appropriate speed of
movement for which the athlete desires improved anaerobic power. Not only enhance
the anaerobic metabolic capacity of the specifically trained muscle fibers, but it also

facilitates the recruitment of the appropriate motor units used in the actual movement

2.2.1 Anaerobic mechanism

At the beginning of muscular exercise, oxygen consumption and lactic
acid production cannot contribute significantly the energy requirement of the working
muscles, as these two mechanisms are relatively sluggish in comparison with the
mechanical events of the contraction. As a consequence, during the first few seconds

of exercise, the energetic of muscular contraction reduces to:

ATP = CP
These conditions where both lactic acid and oxygen consumption = 0,
here defined as “anaerobic alactic” characterize those situations in which no steady
state can be attained; a continuous breakdown of creatine phosphate (CP) must then

take place, until the exercise comes to an end.
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2.2.2 Anaerobic power and capacity

Many sports and every activity have energy demands which must be
met through the anaerobic breakdown of ATP, creatine phosphate, and muscle
glycogen.

a) Anaerobic power is defined as “the maximal rate at which energy
can be produced or work can be done without a significant contribution of aerobic
energy production”.

b) Anaerobic capacity is defined as ‘“the ability to persist at the
maintenance or repetition of strenuous muscular contractions that rely upon anaerobic

mechanisms of energy supply” (Lamb, 1994).

2.3 The lactic mechanism

As the duration of all out effort extends beyond 10 seconds, dependence of
anaerobic energy from the phosphate decreases, while the quantity of anaerobic energy
generate in the reactions of glucose to lactic acid increases, a substantial accumulation
of lactic acid in blood take place. Under these conditions the exercise comes to an end
when the blood lactic has reached a concentration of the order of 16-17 mmol/l of
blood in non-athletic subjects (Lehninger, 1982; Sahlin et al, 1981; Sahlin et al.,
1976).

It has also been observed that the time required to reach this critical level, and
thus exhaustion, is shorter when the work is higher intensity. These exercise

conditions will be defined as “anaerobic lactic” (di Prampero, 1981).
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2.3.1 Physical of lactate removal

a) Excretion via urine and sweat

Lactate is excreted via urine and sweat (Astrand, 1963). However, the
amount of lactate removed in this process during recovery from exercise is negligible
since blood flow to this organ is remarkably diminished (Powers and Howley, 2001).
Furthermore, blood Flow to a specific organ or organ system can increase or decrease,
depending on its metabolic demands. During exercise recovery, more blood is sent to
the active skeletal muscles, and, as body temperature increase, more blood is sent to
the skin. This process is accomplished both by the increase in cardiac output and by
the redistribution of blood flow away from areas of low demand, such as the
splanchnic organs: kidney, stomach (Rowell, 1986).

b) Conversion to protein

Carbohydrates, including lactate, are oxidized to pyruvic acid and
subsequent transamination to from amino acid (e.g. Alanine). Alanine enters the blood
and it transported to the liver, where it is converted to glycogen for storage or to
glucose, which enters the blood and becomes available as substrate. However, only a
relative small amount of lactate is converted to protein during the immediate recovery
period following exercise (Foss and Keteyian, 1998).

c¢) Conversion to glucose and/or glycogen

Because lactate is a byproduct of carbohydrate metabolism (glucose
and glycogen) during anaerobic work, it can be reconverted to these glycogen and
glucose in the liver and glycogen in muscle. However, glycogen re-synthesis in muscle
and liver is extremely slow compared with lactate degradation/removal. In addition,
the magnitude of the change in the blood glucose concentration during recovery is also
minimal. Therefore, conversion of lactate to glucose and glycogen accounts for only a
small portion of the total lactate remove (Brook et al., 1973; Brook and Gaesser,
1980).

d) Oxidation/conversion to CO, and H,O

Lactate is also a metabolic fuel, principally for skeletal muscle
(Hermansen and Stensvold, 1972; Hubbard, 1973; Hermansen et al., 1975), but several
organs such as heart muscle, brain (Nemoto et al., 1974) and kidney (Yudkin and

Cohen, 1974) tissues are also capable of oxidizing lactate. According to the studies of
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Rowell et al in 1966, approximately 50% of the liver is the main site of lactate
removal during exercise. Furthermore, it is also known that lactate is metabolized in
myocardium and resting skeletal muscle (Rowell, 1971). In the presence of oxygen,
lactate is first converted to pyruvate (Freund et al., 1980) and then to CO, and H,O in
the Krebs cycle and the electron transport system, respectively. ATP is re-synthesized

in coupled reactions in the electron transport system.

2.4 Disadvantageous effects of lactate acid

High lactate concentrations cause an acidosis on and around muscle cells. This
acid environment may seriously interfere with various mechanisms in the muscle cells.
The aerobic enzymes system in the muscle cell may be seen as a factory plant where
aerobic energy supply takes place. This enzyme system was sabotaged by acidosis and
as a result aerobic endurance capacity was reduced. It may be day before this system
has sufficiently recovered and aerobic capacity was at its old level again (Stanley et
al., 1985).

When the workload was repeatedly too intense, i.e. without sufficient time to
recover, a considerable decrease in aerobic endurance capacity is inevitable. These
overly intensive exercise bouts can lead to a complex of complaints known as
overtraining. Further, acidosis can cause damage to the muscle cell wall. This causes
leakage from the muscle cells into the blood, e.g. increased urea and CK.

It may be 24-96 hours before these values returned to normal again. Recovery
of the muscle damage may take a long time. When choosing a form of workout these
factors should be considered. Work-loads should be light in this situation: The so-
called recovery or regeneration work-out. Whenever training is too intensive, recovery
will be prolonged.

1. High lactate values disturb co-ordination: Intense workouts with high lactate
values can also interfere with co-ordination capacity. Co-ordination capacity is of
overall importance in sports requiring highly technical skills, i.e. soccer, tennis and
judo. Training should not take place with lactate above 6-8 mmol/l, because when co-

ordination is disturbed training could have negative effects on these skills.



Pattarapong Yingdamnun Literature Review /16

2. High lactate values enhance injury risks: Acidosis in the muscles can lead to
microruptures in the muscular tissues. This minor damage may, if insufficiently
healed, result in more serious injuries.

3. The phosphate system is disturbed by high lactate values: The reformation
of ATP is also delayed in acid muscles. Therefore, it is best to avoid high lactate
values during sprint training.

4. Fat oxidation is inhibited at high lactate values: When glycogen reserves are
depleted energy supply is endangered at high lactate values because fat oxidation is

inhibited.

2.5 Lactate curves of athletes

Millimole per liter (mmol/l or mM/I) is unit of the blood lactate concentration
measurement. Healthy persons at rest should have values between 1 and 2 mmol/l. The
4 mmol/l threshold is in fact an oversimplification of the relationships between lactate
accumulation and relative exercise intensity. Figure 1 indicates the relation between
blood lactate concentration and training intensity. The recovery runs should keep
lactate concentrations lower than 2 mmol/l. Intense interval workouts give high lactate
values (far higher than 4 mmol/l). Under the influence of training values, around 3, 4

and 5 mmol/] lactate.
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Figure 1. Lactate curves of athlete
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Heart Rate Monitoring for Estimation of Training Intensity
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Figure 2. Comparing between pre (A) and post (B) training period

Curves A and B come from the same athlete. Curve A at the beginning of a
training period. Curve B at the end of a training period. The curve has shifted to the
right. Aerobic capacity has clearly improved. At lactate 4 mmol/l of curve B has

decreased accumulate lactate than curve A. (Figure 2)
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Figure 3. Lactate curves of various athletes

Figure 3 shows lactate curves of various athletes, all of them are well-
trained. Every individual has his own curve and the interindividual differences often
turn out to be very large. When the athlete with the most right hand curve trains
together with the athlete of the left hand curve and the two of them are told to perform
at a heart rate of 150 beats per minute, the left hand curve athlete is going through a

very intense workout with high lactate values, whereas the right hand curve athlete
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hardly exerts himself. For this reason training intensity should be set individually.

When training in groups the training task has different effects on different athletes.

Various forms of training in relation to lactate concentration and heart-
rate. (Karvonen et al., 1992)

1. Recovery or regeneration workout. Intensity of this training is well under 2
mmol/l lactate. In the example HR between 110 and 140 beats/min.

2. Extensive endurance workout. Intensity of this training around 2 mmol/I
lactate. In the example HR between 140 and 160 beats/min.

3. Intense endurance workout. Intensity of the training between 3 and 4 mmol/l
lactate. In the example HR between 160 and 180 beats/min.

4. Extensive intervals. (Tempo duration): Intensity between 4 and 6 mmol/l
lactate. In the example HR over 180 beats/min.

5. Intense intervals. Intensity between 6 and 12 mmol/l lactate. In the example

HR over 180 beats/min.

3. Strength Training

Strength is the muscle’s ability to exert force. Typically, the term strength is
associated with the ability to exert maximum force during a single effort, sometimes
referred to as a one-repetition maximum effort (1RM). Strength increases can make
major contributions to recreational and competitive sports performances make
everyday tasks regardless of age a lot easier. Strength training program usually
produce muscle size gains greater than endurance training program but not to the same

extent that a body shaping program will. (Thomas and Roger, 1995)

3.1Weight training equipment
Weight training equipment falls into two major categories: machines and free
weights. Both types are typically used in schools, colleges, health clubs, and corporate
settings; free weight equipment is the most common choice for home training.
3.1.1 Machines
The two most common types of weight training machines are pivot

machines (single and multi-unit) and cam machines (Thomas and Roger, 1995).
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Pivot Machines (PM)

Pivot machines have one more stacks of weights that are lifted by
pulling or pushing a weight arm attached to a pivot point. Single-unit machines are
designed to work one muscle, whereas multi-unit machines have various station that
let you work many muscle areas by moving from station to station. Pivot machines
have both fixed pivot and moving pivot designs, and multi-unit machines use both.

Fixed-resistance pivot machines have one more fixed weight stacks that
are lifted by pulling or pushing a weight arm attached to a fixed pivot point. The
limitation of this type of equipment is that at some points during result, different
positions require more effort than others, as though someone were changing the load
during each repetition.

Like the fixed-resistance machine, the variable-resistance pivot
machine also has a weight arm attached to a pivot point. But the weight stack moves
or rolls back and forth on a weight arm, allowing amore consistent load on muscle.
When the weight arm moves to a position that requiring more effort. Conversely,
when the weight arm moves to a position that would require more effort, the weight

stack moves to a position requiring less effort.

Cam Machines (CM)

A cam machines is a variable-resistance machine that features an
elliptically shaped wheel, referred to as a cam. Its shape makes the cam function
similarly to a moving weight stack. As the chain (cable or belt) tracks over the peaks
and valleys of the cam, the distance between the point of rotation (the axle on which
the cam rotates) and the weight stack varies to produce a move consistent on the

muscles. (Wayne and Westcott, 2003)
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Table 3 Physiological adaptations to resistance training

SYSTEM/VARIABLE RESPONSE

Muscle Fiber

Number Equivocal

Size Increase
Capillary Density

In bodybuilders No change

In powerlifters Decrease
Mitochondria

Volume Decrease

Density Decrease
Twitch Contraction Time Decrease
Enzymes

Creatine phosephokinase Increase

Myokinase Increase

Enzymes of Glycolysis
Phosphofructokinase Increase
Lactate dehydrogenase No change

Aerobic Metabolism Enzymes

Carbohydrate Increase

Triglyceride Not know
Intramuscular Fuel Stores

Adenosine triphosphate Increase

Phosphocreatine Increase

Glycogen Increase

Fleck, S.J., and Kramer, W.J.: Resistance training: physiology responses and
adaptations (Part 2 of 4). Phys. Sportsmed., 16:108, 1988.
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Adaptations to resistance training
1. Neural adaptations important
Enhanced neural adaptation with resistance training may result from:
a) Increased central nervous system activation
b) Improved motor unit synchronization

c) Lowered neural inhibitory

2. Muscle adaptations
Increases in muscle size (hypertrophy) with resistance training for men and
women can be viewed as a fundamental biologic adaptation. Weightlifters’ and body
builders’ extraordinarily large muscle size from enlargement of individual muscle
cells, mainly fast-twitch fibers. Growth takes place from one or more of the following
adaptations (Vivan, 1997):
a) Increased contractile proteins (actin and myosin)
b) Increased numbers and size of myofibrils
c) Increased enzymes and stored nutrients in Table 3 lists important

cellular adaptations in muscle in response to resistance training



Pattarapong Yingdamnun

Cardiovascular adaptations

Literature Review /22

Training volume and intensity influence the effect of resistance training on the

cardiovascular system. Table 4 lists chronic cardiovascular adaptations from resistance

training.

Table 4 Cardiovascular adaptations to resistance training

VARIABLE ADAPTATION
Rest
Heart rate No change
Blood pressure
Diastolic Decrease or no change
Systolic Decrease or no change

Rate-pressure product (HR*xSBP)

Stroke volume

Cardiac function

Left ventricular wall thickness
Right ventricular wall thickness
Left ventricular chamber volume

Right ventricular chamber volume

Left ventricular mass
Lipid profile
Total cholesterol
HDL -cholesterol
LDL -cholesterol
During exercise
Heart rate
Blood pressure
Diastolic
Systolic
Rate-pressure product
Stroke volume

Cardiac output

Decrease or no change
Increase or no change
Increase or no change
Increase

No change

No change

No change

Increase

Decrease
Increase or no change

Decrease or no change

No change

Decrease
Decrease
Decrease
Increase or no change

Increase or no change
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CHAPTER 111
MATERIALS AND METHODS

1. Instrumentation
The following equipments were used in this study:
Spirometer (Takei and Company, Japan)
. Treadmill (Sensormedics 2000 Treadmill)
. Wingate Ergometer (Ergomedic 894 E)
. Back and Leg dynamometer (Takei and Company, Japan)

1

2

3

4

5. Sphygmomanometer (AIL, KII, Japan)

6. Stethoscope (Hico Medical Co.Ltd., Tokyo, Japan)
7. Skinfold caliper

8. Telemetry heart rate monitor (Polar, Finland)

9

Synthetic Track (Mahidol University Salaya Campus)
10. Stopwatch

11. Automatic lactate analyzer (Accutrend ® Lactate)

12. Accu-Chek® Softclix® lancet device.
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2. Subjects

Subjects in different training programs.
Twenty male subjects were Sports Science students of Mahidol University,

aged 18-22 years old. All of the subjects were divided into 3 groups. Group I n=6)
participated in weight training programs, group Il (n=7) participated in interval training
program, and group III m=7) was in control group. The students in the first group and

second group were Mahidol University athletes, whereas the third group was non-
athlete students.

Subjects were randomly selected by using a specific purpose designation
questionnaire to screen their physical activity and excluded from the study if they met
any of the following criteria: cigarette smoking, coronary heart disease, hypertension
or hypotension, any respiration defects, and epilepsy. Subjects signed informed
consent forms before participating in the study after they read all description of the
experimental protocol. The protocol was approved by Human Research Ethics

Committee of Mahidol University (No. MU 2006-017).

3. Experimental Procedure
3.1 Anthropometrics measurement
3.1.1 Body size measurement
Body weight and height of each subject were measured using weight
balance (AND AD-6210: Japan) and a height stadiometer (KYS Co., Ltd., Tokyo,
Japan), respectively. All measurements were done with the same equipments and were

handled by the same investigator.

3.1.2 Body composition

Subject’s skinfold thickness was measured at Biceps brachii, Triceps
brachii, Subscapular and Suprailium areas. Subject was instructed to relax during
measurement. The thumb and forefinger grasped a double layer of skin and
subcutaneous tissue. The caliper was applied about 1.0 centimeter from the skinfold

with measurement taken to the nearest 0.1 millimeter, after full spring pressure of the
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caliper was applied. The percent of body fat was calculated by sum of each value in

millimeter (mm), the equations of Durnin and Womersley (1974);

Db = 1.1631-0.0632 logxa)

Db = Body density

x4 = Sum of Biceps Brachii, Triceps brachii, Subscapular,
Suprailliac

Finally, take in Siri equation, (1961);

%BF = [4.95/Dy-4.5] x 100

3.2 Physical fitness components
3.2.1 Vital signs
Subject sat quietly for about 10-15 minutes stable vital signs were
determined;
a. Resting heart rate was determined by palpating the right radial artery.
b. Blood pressure was determined by sphygmomanometer and

stethoscope.

3.2.2 Leg strength
Subjects were asked to stand on the base plate of the Back and Leg
dynamometer. Knees were bent to angle of 90 degrees. Back and arms were extended.

The handle bar was held in the center (at the level of pubis) with both palms facing

downward. The chain was adjusted in a straight line. Subjects were instructed to
extend knee vigorously. Two trials were performed. The highest value divided by

subject’s body weight was recorded in kg.

3.2.3 Sit and Reach (Flexibility)

In order to consider hip and trunk flexibility, trunk forward bending
was used. The subject kept both legs in a fully extended posture and placed both feet,
in the totally contact fashion, against sit and reach box. Like a scoop position, subject

sat on the floor and gradually bended forward as far as possible and, then the distance
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in centimeters (cm) was recorded. The experiment was repeated and the highest value
was record.

3.2.4 Indirect submaximal oxygen consumption (VO,max)

Treadmill submaximal tests provided to be an estimate of VO,max and
assume a liner increase in rate with successive increases in work rate. The VO,max

was predicted from two (multistage model) submaximal heart rates. For these

submaximal run tests, the treadmill maximal test protocol (Table 5) was used to
identify the slope of the subject’s heart rate response to running (Bruce et al, 1972;
Marquette, 1994)

Two submaximal stages of the treadmill test were used. Heart and work

rate at each stage measured. The slope (b) of the linear relationship was determined by

calculating the two exercise stages and the corresponding change in submaximal heart

rates:
b=SM VO22-SM (VO,); ... (1)
HR;,-HR;
Where SM (VO;) = VO, at a given submaximal stage by MET
[SM (VO;) =3.5 x work each stage (METS)]
HR = Heart rate
land2  =stage 1 and stage 2 of a treadmill test

The VO, for each work load is provided, and the VO, max is predicted from the
equation:

VO,max = SM (VO;)+b (HRmax —HR,;) ... (2)
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Stage I I I v
Minutes 3 6 9 12
Speed (Mph) 1.7 2.5 3.4 4.2
Grade Percent (%) 10 12 14 16
METS 4 6-7 8-9 15-16

*1 MET = 3.5 ml O, uptake /kg /min
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Figure 4. Treadmill (Sensormedics 2000 Treadmill) in laboratory room
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Figure 5. Instrument used in the blood lactate measurement

Figure 6. Anaerobic capacity test by Wingate ergometer (Ergomedic 894 E)
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3.2.5 Pulmonary function test
Lung vital capacity (VC) was measured with a spirometer (Takei and

Company, Japan). Each subject did two trials with the best effort was recorded.

3.2.6 Wingate Anaerobic Test

The same set up as the work output recording of the continuous
progressive non-steady state exercise test was used to measure the pedal revolution
during 30 seconds test. The subjects sat on a mechanical-braked bicycle ergometer
appropriately adjusted and start to pedal at 50 rpm. The resistance was then increased
as quickly as possible to the predetermined resistance which the subject was asked to
maintain the speed. When the desired resistance was reached, the subject was asked to

speed up as fast as he could for 30 seconds (Patton et al., 1985). At the end of 30

seconds, work load was reduced to zero and the subject was requested to pedal at his
ease to taper off. (Green, 1995; Maud & Schultz 1989; Joseph O’Kroy, 2000)

a) Anaerobic capacity (defined as the mean work output over 30-sec
period) in watt (W.kg™"). = The overall output over 30 sec in kg.m

b) Anaerobic peak power (defined as the highest power output in 5-sec
period) in watt (W.kg™) = Resistance Load (kg) « peak number of revolutions (per 5-sec
interval) « 6 meters.

c¢) Power drop in %:

Power drop (%) = Peak power — Lowest 5-sec power »_100

Peak power
3.3 Blood lactate collection
Finger capillary blood samples were collected into a capillary tube and were
analyzed for lactate concentration using an automatic lactate analyzer. The lactate
analyzed was calibrated before the tests with several solutions of known lactate

concentration (Aunola and Rusko, 1984). The puncture was induced using Accu-Chek®™

Softclix® lancet device. The result of blood lactate concentration was shown within 1
minute. During blood collection, subject was instructed to relax the hand. Blood
sample (~25ul) was collected for each rest time and every 3 minutes (3, 6, 9, and 12

min) on Bruce’s protocol.
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3.4 Test of the best time on distances 100 and 400 meter
The three groups (control, weight training and interval training) ran the
distances of 100 and 400 meters on the synthetic track at Mahidol University, Salaya

Campus. Test was employed before and after training programs.

4. Exercise training programs

4.1 Weight training

Subject trained to perform resistance exercise by weight machines (Leg press,
Bench press, Leg extension and Haft squat) with intensity exercise about 70% of 1
repetition maximum(1-RM); 3 sets per machine, 12 repetition on 1 set, 3 days per
week for 6 weeks, with 60 seconds rest between sets (Appendix E). The 1-RM value
may indirectly approximate from the submaximum lifting. The computation for 1-RM
was derived the number of maximal repetitions (ranged from 2 to 20 repetitions) and
that specific submaximal load. The relation was quantified in equation as
(Chuanchaiyakul R, 2000);

1-RM = load at which number of maximal repetitions between 2 to 20 can be

lifted / [100% - (number of maximal repetitions x 2)]

4.2 Interval training

Interval training program was performed two sessions of intensity work
(relief : work ratio = 1:1). Subject trained running at high speed level on 50 meters
distance and low speed level on 50 meters distance, total of 3000 meters distance
running. The heart rate was analyzed by telemetry heart rate monitor, which detected
intensity program. Training was set at 3 days/week, for 6 weeks (Karvonen et al.,
1992).

1) At intense endurance workout (high speed) using by heart rate about 170-
180 beats/min.

2) Recovery session of continuous training at recovery or regeneration workout

(low speed) using by heart rate about 120-130 beats/min.
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5. Experimental designs

Subject recruitment (agel8-22years) Pre-training

1. Questionnaires
General health, Physical activity
2. Distribution of groups
Weight training group, Interval training group and Control group
3. Anthropometric and Vital sign measurements
Body weight and height, Heart rate, blood pressure,
Skinfold thickness
4. Physical fitness tests
Lung vital capacity, Strength (leg strength),Flexibility (sit and reach),
Anaerobic test
5. Indirect submaximal oxygen consumption and Blood lactate

6. Running time test on distance 100 and 400 meters

7. Exercise training

l

8. Anthropometric and Vital sign measurements

Body weight and height, Heart rate, Blood Pressure Post-training
Skinfold thickness

9. Physical fitness tests
Lung vital capacity, Strength (leg strength), Flexibility (sit and reach),
Anaerobic test

10. Indirect submaximal oxygen consumption and Blood lactate

11. Running time test on distance 100 and 400 meters
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6. Experimental protocol

Subject underwent a standardized 6 weeks with exercise training programs. All
data were collected at the before and after of the training programs. Data included
anthropometrics measurement such as body weight, height, skinfold thickness and
physical fitness testing were collected. The experiment process was set at 5 days
before and after training program:

Day 1 — Anthropometric, Vital sign and Physical fitness tests

Day 2 — Rest

Day 3 — Indirect submaximal oxygen consumption and Blood lactate

Day 4 — Rest

Day 5 — Running time test on distance 100 and 400 meters

The tests were conducted by the same investigator on all subjects using the
same apparatus. Data were collected at the same time of the day at College of Sports
Science and Technology, Mahidol University (Salaya Campus). Assistant athletic
coach of Mahidol University was controller and trainer for subjects during training

programs.

7. Statistical analysis

All data were presented as mean+SEM. Paired simples t-test was used to
evaluate significant differences in anthropometrics and physical characteristics
between pre-exercise and post-exercise training in the group, which were accepted at
P-value less than 0.05. Analysis of variance with repeated measure was used to
determine the mean differences within group. Data between group at the same period
of time and same variable was analyzed using one-way ANOVA. Significance was set

at P-value less than 0.05.
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CHAPTER 1V
RESULTS

The study was aimed to investigate the effect of different physical training
modes; weight training and interval training, on blood lactate levels after a high
intensity exercise. The exercise and the determination of VO,max were parallelly
performed on a treadmill by Bruce protocol. The anaerobic capacity of individual
subject in each group was determined on the bicycle ergometer using Wingate test.
The effect of training on heart rate (HR), systolic blood pressure (SBP) and diastolic
blood pressure (DBP) before and after the exercise were also evaluated. All
experiments were performed in the laboratory room with an environmental

temperature about 25 degrees Celsius.
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1. Anthropometrics and Physical fitness characteristics.
The initial data of anthropometrics and physical fitness variables were

presented as mean+SEM (Table 6).

Table 6. Initial anthropometrics and physical fitness characteristics of control,

weight training and interval training groups. Data were presented as mean+SEM.

Group Control Weight Interval
training training
Age (yrs) 20.14+0.14 19.33+0.42 19.42+0.42
Weight (kg) 64.14+3.05 66.50+2.81 71.42+3.62
Height (cm) 173.85+1.53 174.16+1.07 175.57+1.90
BMI (kg/m°) 21.19+0.77 21.94+0.93 23.13+0.84
Percent body fat 15.45+1.29 14.03+1.54 17.03+£1.47
(%)
SBP (mmHg) 118.57+6.01 128.16+3.87 126.5743.31
DBP (mmHg) 63.714+2.03 66.16+2.58 66.85+2.96
RHR (bpm) 77.42+3.00 74.83+1.92 72.14+3.34
VO, (ml/kg/min) 46.00+1.31 46.19+1.83 47.03+1.17
Lung vital 3,800+194.26 3,9254+277.71 3,964+227.49
capacity (cc)
Sit and reach (cm) 8.85+1.15 15.08+2.27¢ 11.71+1.33
Leg strength 176.72+5.96 208.25+7.57°¢ 180.40+6.76°
(Kg)

¢ significantly different between weight training group and control group at the same
period, p<0.05
b significantly different between interval training group and weight training group at

the same period, p<0.05

All group (control group, weight training group and interval training group,
respectively) showed no significant difference (p>0.05) in mean age
(20.14+0.14 ,19.33+0.42 and 19.42+0.42 years), weight (64.14£3.05, 66.50+£2.81 and
71.42+3.62 kg), height (173.85+1.53, 174.16£1.07 and 175.57+1.90 cm), body mass
index (21.19+0.77, 21.94+0.93 and 23.13+0.84 kg/m®), Percent of body fat
(15.45+1.29, 14.03+1.54 and 17.03+1.47 %), systolic blood pressure (SBP)
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(118.57+£6.01, 128.16+3.87 and 126.57+3.31 mmHg), diastolic blood pressure (DBP)
(63.71£2.03, 66.16+£2.58 and 66.85£2.96 mmHg), resting heart rate (RHR)
(77.42+3.00, 74.83+1.92 and 72.14+3.34 beats/min).

Physical fitness characteristics in pre-training were represented as resting heart
rate (RHR) and maximum oxygen consumption (VO,max) (Table 6). The comparison
of this physiological function was determined among the groups. There were no
significant differences in resting heart rate between training groups and control group
(p>0.05). In addition, there were no significant differences in the maximum oxygen
consumption (VO,max) of control group, weight training group and interval training
group (46.00+1.31, 46.19+1.83 and 47.03+1.17 ml/kg/min) (p>0.05).

The lung vital capacity was not significant difference among the control group,
weight training group and interval training group (3,800+194.26, 3,925+277.71 and
3,964+227.49 cc) (p>0.05). There were significant differences in flexibility among
groups (p<0.05). The flexibility of the weight training group (15.08+2.27 cm) was
significantly higher than the control group (8.85+1.15 cm). However, values of the
interval training group (11.71£1.33 cm) was not significantly different from the
weight training groups (p>0.05). Average leg strength value of weight training
(208.25+7.57 kg) was significantly higher than interval training (180.40+6.76 kg) and
control group (176.7245.96 kg) (p<0.05).

The anthropometric variables among the control group, weight training group
and interval training group during post-training period (Table 7), showed no
significant difference (p>0.05) in age (20.14+0.14, 19.33+0.42 and 19.42+0.42 yrs),
weight (64.71+3.13, 65.8342.62 and 71.28+3.53 kg), height (173.85+1.53,
174.16£1.07 and 175.57+#1.90 cm, respectively), systolic blood pressure (SBP)
(120.28+6.98, 119.00+4.61 and 119.85+3.18 mmHg), diastolic blood pressure (DBP)
(67.06+£2.63, 68.83+1.07 and 64.2843.54 mmHg), body mass index (BMI)
(21.39+0.82, 21.62+0.94 and 23.09+0.84 kg/m’) and resting heart rate (RHR)
( 73.85+2.49, 72.33+1.85 and 67.42+2.93 beats/min). There were significant
difference in the VO,max among the groups (p<0.05). The interval training group
(51.97£1.49 ml/min/kg) was significantly higher than the weight training group
(46.65+0.86 ml/min/kg) and control group (41.67£1.14 ml/min/kg). There were

significant differences in the lung vital capacity among three groups. The control
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group (3,492+101.43 cc) was significantly lower than the weight training group
(3,958+218.86 cc) and interval training group (4,171£217.08 cc) (p<0.05).

In addition, there was significant differences in the value of flexibility (sit and
reach) among the groups (p<0.05). The control group (9.07+0.87 cm) was
significantly lower than weight training group and interval training group (16.25+2.16

and 14.00+1.25 cm).

Table 7. The post training anthropometric and physical fitness characteristics of

control, weight training and interval training group. Data were presented as

mean+SEM.

Group Control Weight Interval
training training
Age (yrs) 20.14+0.14 19.3340.42 19.42+0.42
Weight (kg) 64.71+£3.13 65.83+2.62 71.28+3.53
BMI (kg.m") 21.39+0.82 21.62+0.94 23.09+0.84
Height (cm) 173.85+1.53 174.16+1.07 175.57+1.90
Percent body fat 15.73+1.23 14.26£1.55 16.72+1.36
(%)
SBP (mmHg) 120.28+6.98 119.00+4.61 119.85+3.18
DBP (mmHg) 67.06+2.63 68.83£1.07 64.28+3.54
RHR (bpm) 73.85+2.49 72.33+1.85 67.42+2.93
VO, (ml/kg/min) 41.67+1.14 46.65+0.86° 51.97+1.49°°
Lung vital capacity | 3,492+101.43 3,958+218.86°¢ 4,1714217.08°
(cc)
Sit and reach (cm) 9.07+0.87 16.25+2.16°¢ 14.00+1.25*
Leg strength 169.00+4.12 224.60+11.71°¢ 205.50+15.5°
(Kg)

* significantly different between interval training group and control group at the same

period, p<0.05

® significantly different between interval training group and weight training group at

the same period, p<0.05
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¢ significantly different between weight training group and control group at the same

period, p<0.05

There were significant differences in leg strength among three groups, the
control group (169.00+4.12 kg) was significantly lower than weight training group and
interval training group (224.60+11.71 and 205.50+15.5 kg) (p<0.05). However, the leg
strength of weight training group was not significantly different from the interval

training group (p>0.05).

2. Blood lactate concentration (BLC).

2.1 Blood lactate concentration of subjects at rest before-training period in
control group, weight training group and interval training group were 1.65%0.15,
2.03+0.24 and 1.62+0.22 mmol/l, respectively. The blood lactate concentration of all

groups showed remarkable increase during running on treadmill (Table 8).

Table 8. The appearance of blood lactate concentration (BLC) (mmol/l) in the

control and training groups before training protocol.

Group Rest time 3 min 6 min 9 min 12 min
(mmol/I) (mmol/T) (mmol/T) (mmol/T) (mmol/I)
Control 1.65+0.15 | 2.08+0.05 | 2.70+0.28 | 3.82+0.39 | 5.51+0.57
Weight | 2.03£0.24 | 2.08+0.33 | 2.284+0.18 | 3.03+0.21 | 5.53+0.62
Interval 1.62+0.22 | 1.77+1.64 | 2.04+0.24 | 3.27+0.33 | 6.05+0.88

No significantly different between groups at same period, p>0.05.

There were no significant differences among all groups at rest time when
subject ran on treadmill (p>0.05). Blood lactate concentration (BLC) in control group,
weight training group and interval training group during intense exercise at 3, 6, 9 and
12 minutes showed no significantly different among all groups at the same period
(p>0.05). At 3 minutes in control group, weight training group and interval training

group were 2.08+0.05, 2.08+0.33 and 1.77+1.64 mmol/l, respectively. At 6 minutes in
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control group, weight training group and interval training group were 2.70+0.28,
2.28+0.18 and 2.04+0.24 mmol/l. At 9 minutes in control group, weight training group
and interval training group were 3.82+0.39, 3.03+0.21 and 3.2740.33 mmol/l. Finally,
blood lactate concentration at 12 minutes in control group, weight training group and
interval training group were 5.51+0.57, 5.53+£0.62 and 6.05+0.88 mmol/l.

2.2 Blood lactate concentration at rest after-training period in the control
group, weight training group and interval training group were 1.80+0.19, 1.86+0.91

and 1.27+0.17 mmol/l. Blood lactate concentration of the interval training group was

significantly lower than both control group and weight training group (p<0.05). (Table
9)

Table 9. The appearance of blood lactate concentration (BLC) (mmol/l) in the

control and training groups after training.

Group Rest time 3 min 6 min 9 min 12 min
(mmol/l) (mmol/l) | (mmol/l) | (mmol/l) | (mmol/l)
Control 1.80+0.19 | 2.18+0.15 | 2.62+0.26 | 3.38+0.12 | 5.82+0.62
Weight 1.86£0.91 | 1.90+£0.15 | 2.11£0.20 | 2.61£0.24° | 4.35+0.34°
Interval | 1.27+0.17%° | 1.50+0.18" | 1.78+0.11% | 2.87+0.27 | 4.44+0.35"

* significantly different between interval training group and control group at the same
period, p<0.05

® significantly different between interval training group and weight training group at
the same period, p<0.05

¢ significantly different between weight training group and control group at the same

period, p<0.05

After 6 weeks of training, the level of blood lactate concentration during
exercise in control, weight training and interval training group at 3 minutes were
2.18+0.15, 1.9040.15 and 1.50+0.18 mmol/l. Blood lactate concentration (BLC) at 3
min of the interval training group was significantly lower than control group (p<0.05).

At 6 minutes, blood lactate of interval training group (1.78+0.11 mmol/l) was
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significantly lower than both weight training group (2.11+£0.20 mmol/l) and control
group (2.62+0.26 mmol/l). At 9 minutes, weight training group (2.6140.24 mmol/I)
had blood lactate concentration accumulation significantly lower than control
(3.38+0.12 mmol/l) (p<0.05). Weight training group was no significantly different to
interval training group (2.87+£0.27 mmol/l) (p>0.05). At 12 minutes, there were
significant differences higher blood lactate in control group than weight training group

and interval training group (5.82+0.62, 4.35+0.34 and 4.44+0.35 mmol/l).

3. Comparison of physical fitness parameter within and between groups

Resting heart rate was compared between the experimental groups and the
control group. The results showed no significant difference among these groups. The
resting heart rates of post-training of all groups (control group, weight training group
and interval training group) were 73.85+2.49, 72.33+£1.85 and 67.42+2.93 beats/min,
respectively. However, there was significant difference between within control group
(77.42+3.00 and 73.85+2.49 beats/min) and interval training groups (72.144+3.34 and
67.42+2.93 beats/min) (p<0.05) (Figure 7). Systolic blood pressure was significantly
lower (p<0.05) in the weight training group (128.16+£3.87 and 119.00+4.61 mmHg)
and interval training group (126.57+3.31 and 119.854+3.18 mmHg). Systolic blood
pressure of the control group was 118.57+6.01 and 120.28+6.98 mmHg (Figure 8).
There was no significant difference in diastolic blood pressure within control group
(63.06+£2.63 and 67.42+2.65 mmHg), weight training group (66.16+£2.58 and
68.83+1.07 mmHg) and interval training group (72.14+3.34 and 67.42+2.93 mmHg)
(Figure 9).

Figure 10 compared body mass index (BMI) of the subjects before and after
training. Subjects’ BMI after-training in control group, weight training group and
interval training group were 21.39+0.82, 21.62+0.94 and 23.09+0.84 kg/m’,
respectively. There were no significant differences within the three groups (p>0.05).
Figure 11 show the maximum oxygen consumption (VO,max) of the three groups.
The VO,max found in interval training group (47.03+1.17 and 51.97+1.49 ml/kg/min)
and weight training group (46.19+1.83 and 46.65+0.86 ml/kg/min) were 10.5 % and
1% higher than initial values. Figure 12 showed the value of percent body fat which

was no significant difference within the three groups at before and after training
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(p>0.05). Nevertheless, there was significant difference between the value of lung vital
capacity in the interval training group before and after training (3,964+227.49 and
4,171£217.08 cc) (p<0.05). The lung vital capacity of interval training group increased
about 5.2% from the initial value. Figure 14 showed the value of flexibility of two
training groups and control group. The flexibility of weight training group (15.08+2.27
and 16.25+£2.16 cm) and interval training group (11.71£1.33 and 14.00£1.25 cm) were

7.75% and 19.5% higher than initial values.

Resting heart rate (bpm)
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Figure 7. Comparison of means (+SEMs) values of resting heart rate (beat/min)

among control, weight training, and interval training groups pre and post each

mode of training.

* indicates significantly different from the within group (p<0.05)
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Figure 8. Comparison of means (£SEMs) values of systolic blood pressure
(mmHg) among control, weight training, and interval training groups pre and
post each mode of training.

* indicates significantly different from the within group (p<0.05)
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Figure 9. Comparison of means (fSEMs) values of diastolic blood pressure
(mmHg) among control, weight training, and interval training groups pre and

post each mode of training.



Pattarapong Yingdamnun Results / 42

25 -

H

A

20 |

15 4

3@ Pre-training

@ Post-training

BM (kg/n¥)

control w eight
training

,._
33
58
38

Figure 10. Comparison of means (xSEMs) values of BMI (kg/mz) among control,

weight training, and interval training groups pre and post each mode of training.
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Figure 11. Comparison of means (fSEMs) values of maximum oxygen
consumption or VO,max (ml/kg/min) among control, weight training, and
interval training groups pre and post each mode of training.

* indicates significantly different from the within group (p<0.05),

* significantly different between interval training group and control group at the same period,
p<0.05

¢ significantly different between weight training group and control group at the same period,
p<0.05

® significantly different between interval training group and weight training group at the same

period, p<0.05
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Figure 12. Comparison of means (=SEMs) values of percent body fat (%) among

control, weight training, and interval training groups pre and post each mode of

training.
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Figure 13. Comparison of means (£SEMs) values of lung vital capacity (cc)
among control, weight training, and interval training groups pre and post each
mode of training.

* indicates significantly different from the within group (p<0.05),

* significantly different between interval training group and control group at the same period,

p<0.05,

¢ significantly different between weight training group and control group at the same period,

p<0.05
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Figure 14. Comparison of means (£tSEMs) values of maximum flexibility (cm)
among control, weight training, and interval training groups pre and post each
mode of training.

* indicates significantly different from the within group (p<0.05),

¢ significantly different between weight training group and control group at the same period,
p<0.05,

* significantly different between interval training group and control group at the same period,

p<0.05

There was significant difference in the value of leg strength within each group
(Figure 15). Interval training group significantly increased in the leg strength value
(14%) than pre-training (p<0.05). The pre-training and post-training of interval
training group were 180.14+£6.76 and 205.50+15.50 kg, respectively. Leg strength
value of the weight training group was significantly higher (10.6%) than post-training
(p<0.05). The leg strength value pre-training and post-training was 208.25+7.57 and
224.60+11.71 kg, respectively.
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Figure 15. Comparison of means (=SEMs) values of maximum leg strength (kg)
among control, weight training, and interval training groups pre and post each
mode of training.

* indicates significantly different from the within group (p<0.05),

¢ significantly different between weight training group and control group at the same same
period p<0.05,

* significantly different between interval training group and control group at the same period,
p<0.05,

® significantly different between interval training group and weight training group at the same

period p<0.05

Blood lactate level at all periods showed in Figurel6, 17, 18, 19, and 20. There
was significant difference within the interval training group at rest (1.62+0.22 and
1.27£0.17 mmol/1), 9 minute (3.27+0.33 and 2.874+0.27 mmol/l) and 12 minutes
(6.05+£0.88 and 4.44+0.23 mmol/l) (p<0.05). The percentages were decreased about
21.6%, 12.23 % and 26.61%, respectively compared between before and after training.
There was significant difference within weight training group at 12 minutes
(5.53+£0.62 and 4.35+0.34 mmol/l). The percentages were decreased about 21.33%
between before and after training. There were not significant differences within three

groups during 3 and 6 minutes.
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Figure 16. Comparison of means (tSEMs) values of blood lactate level at rest
time (mmol/L) among control, weight training, and interval training groups pre
and post each mode of training.

* indicates significantly different from the within group (p<0.05),

* significantly different between interval training group and control group at the same period,
p<0.05,

® significantly different between interval training group and weight training group at the same

period, p<0.05
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Figure 17. Comparison of means (SEMs) values of blood lactate level at 3 min
(mmol/L) among control, weight training, and interval training groups pre and
post each mode of training.

* significantly different between interval training group and control group at the same period,

p<0.05
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Blood lactate level at 6 min (mmol/l)
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Figure 18. Comparison of means (xSEMs) values of blood lactate level at 6 min

(mmol/L)) among control, weight training, and interval training groups pre and

post each mode of training.

* significantly different between interval training group and control group at the same period,

p<0.05

Blood lactate level at 9 min (mmol/l)
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Figure 19. Comparison of means (xSEMs) values of blood lactate level at 9 min

(mmol/L)) among control, weight training, and interval training groups pre and

post each mode of training

* indicates significantly different from the within group (p<0.05),

¢ significantly different between weight training group and control group at the same period,

p<0.05
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Figure 20. Comparison of means (tSEMs) values of blood lactate level at 12 min
(mmol/L) among control, weight training, and interval training groups pre and
post each mode of training.

* indicates significantly different from the within group (p<0.05),

* significantly different between interval training group and control group at the same period,
p<0.05

¢ significantly different between weight training group and control group at the same period,

p<0.05

The anaerobic energy system data presented at Figure 21, 22 and 23. There
were significant differences within the three groups (p<0.05) namely; mean power,
peak power and power drop of anaerobic exercise modes. After training, the value of
mean power (5.92+0.22 and 6.3140.23 watt/kg) (+ 6.5%) and peak power (7.64+0.15
and 8.32+0.19 watt/kg) (+8.9%) of the interval training group were higher than the
initial value. The mean power of control group was 5.13+0.16 and 5.224+0.14 watt/kg.
Mean power of weight training group was not significant difference within group
(p>0.05) (5.06+£0.39 and 5.71+0.22 watt/kg) (+12%). However, the values of peak
power was significantly increased in weight training (p<0.05) (7.61+0.30 and
8.04+0.31) watt/kg (+6%). The peak power of control group was 6.92+0.32 and
6.93+0.27 watt/kg). Finally, there was significant difference in percentage of power
drop within interval training group and weight training group. Interval training group
was significantly decreased in post-training (2.40+0.18%) than pre-training program

(2.94£0.21 %). There was decrease in the power drop of weight training group (3.68+
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0.28 and 2.66+0.22 %) and the value of control group was not significantly different
within group (3.03+ 0.29 and 3.23+ 0.67%) (p>0.05).

4. Accumulate blood lactate concentrations with Bruce’s protocol

Changes in blood lactate concentration between pre and post-training program
of all groups are illustrated in Fig 24, 25 and 26. There were accumulations of blood
lactate at all stages. Control group was not significantly different between both pre and
post-training program (p>0.05). The mean different between pre and post-training of
weight training group were found significantly different at 12 min (p<0.05). During
exercise training period, blood lactate level at rest, 9 and 12 min of interval training
group were significantly different within group (p<0.05). Blood lactate level within

interval training group was lower than pre-training.

5. Running time of athlete in distance 100, 400 meters.

Figure 27 and 28 showed the running time of subjects in distance 100 and 400
meters on the synthetic track. Between before and after training program on distance
100 meter of the two training groups and control group with running performance
time, there were no significant differences between training groups and control group
of distance 100 meters (p>0.05). The running time of interval training (13.154+0.37 and
13.16+0.16 s) was lower than the running time of control group (13.90+0.36 and
14.42+0.34 s). However, there were no significant differences between both interval
training group and weight training group (13.63+ 0.55 and 13.304 0.46 s) (p>0.05).
For running time of distance 400 meters, the interval training group was significantly
different from the control group (p< 0.05). Interval training group were 67.17+1.67
and 64.52+1.53 s lower running time than control group (70.39£1.67 and 73.55+2.17
s). There was significant difference within weight training group (72.66+3.62 and
69.95+3.19 s) (p<0.05) at the same distance.
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Figure 21. Comparison of means (xSEMs) values of mean power (watt/kg) among
control, weight training, and interval training groups pre and post each mode of
training.

* Indicates significantly different from the within group (p<0.05)

* significantly different between interval training group and control group at the same period,

p<0.05
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Figure 22. Comparison of means (+SEMs) values of peak power (watt/kg) among
control, weight training, and interval training groups pre and post each mode of
training.

* Indicates significantly different from the within group (p<0.05),
¢ significantly different between weight training group and control group at the same period,
p<0.05,

* significantly different between interval training group and control group at the same period,

p<0.05
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Figure 23. Comparison of means (+tSEMs) values of power drop (%) among

control, weight training, and interval training groups pre and post each mode of
training.

* Indicates significantly different from the within group (p<0.05),

* significantly different between interval training group and control group at the same period,

p<0.05.
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Figure 24. Comparison of means (xSEMs) values of blood lactate concentration

(mmol/l) between pre and post training of control group with Bruce test stages.
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Figure 25. Comparison of means (£SEMs) values of blood lactate concentration

(mmol/l) between pre and post training of weight training group with Bruce test

stages.

* Indicates significantly different from the within group (p<0.05)
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Figure 26. Comparison of means (zSEMs) values of blood lactate concentration

(mmol/l) between pre and post training of interval training group with Bruce test

stages.

* Indicates significantly different from the within group (p<0.05)
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Figure 27. Comparison of means (£SEMs) values of 100 meters running time
between pre and post training among control, weight training, and interval

training groups.
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Figure 28. Comparison of means (xSEMs) values of 400 meters running time
between pre and post training among control, weight training, and interval
training groups.

* Indicates significantly different from the within group (p<0.05),

* significantly different between interval training group and control group at the same period,

p<0.05.
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Table 10. Summary of physical fitness results between groups during 6 weeks of

exercise training.

Period VO, LvVC FLE LS
Pre-training WT>CT WT>CT

Post-training IT>CT WT>CT WT>CT WT>CT
WT>CT IT>CT IT>CT IT>CT
IT>WT

Abbreviations VO,, LVC, FLE, LS, CT, WT, IT and > (maximum oxygen
consumption, lung vital capacity, flexibility, leg strength, control group, weight

training group, interval training group and significantly different, respectively).

Table 11. Summary of blood lactate level at several periods between groups during 6

weeks of exercise training.

Period rest 3 min 6 min 9 min 12 min
Pre-training

Post-training CT>IT CT>IT | CT>IT CT>WT CT>WT

WT > IT CT>IT
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CHAPTER V
DISCUSSION

In this study, the measurement of anthropometric characteristic pre and post
training for the subjects was body weight and height. This study indicated that the
parameters were similar in age, body mass index, resting heart rate, systolic blood
pressure and diastolic blood pressure. After training, mean values of systolic blood
pressure and resting heart rate of interval training group was significantly lower
comparing to initial value (p<0.05). This indicated that the training program had
induced cardiovascular system leading to increase performance of this system,
reducing vascular resistance. This result was supported by Wilmore et al (2001) and
Fagard (2006) indicated the small decrease in resting heart rate across groups and
small changes in resting systolic blood pressure.

Physical fitness characteristics in pre and post-training were presented as the
maximal amount of oxygen consumption (VO,max) in the weight training group,
interval training group and control group. There were significant differences between
control group and training groups (p<0.05). As expected, the interval training group
and weight training group had higher VO,max than the control group after training.
These results indicated that aerobic capacity of the two training groups were
effectively improved supported by McMillan et al (2005) who indicated that the
aerobic capacity can be improved by the high intensity interval. In 2007, Helgerud et
al investigated the effect of high-intensity interval training and moderate training (long
distance) on VO,max. The result indicated that high-intensity interval training was
significantly induced higher VO, max than moderate training. VO,max of interval
training group was significantly different between pre and post-training (p<0.05),
while the VO,max of weight training group did not change. The duration of weight

training might be not long enough to induce differences in the VO,max or the extent
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of improvement was too small. Mean value of VO,max in interval training group was
significantly higher than the weight training group. This results indicated that there
were adaptation of the cardiovascular system (an increased heart size, a decreased
heart rate, an increased stroke volume, an increased blood volume, and an increased
capillary density) (Foss and Keteyian, 1998; Schantz, 1982). In addition, the weight
training program used in this study might be inferior to high-intensity interval training
program in stimulating the aerobic capacity of the subjects. However, the effect of
resistance training on VO, and capillary supply to skeletal muscles had been
investigated previously. Those studies indicated that the resistance/strength training
can increase capillary supply to skeletal muscle fiber (Hepple et al., 1997; Tesch et al.,
1984) and a small increase in VO,max (4%) (Hickson et al., 1980).

Leg strength mean values of weight training group and interval training group
in pre and post training were significantly higher than that of the control group
(p<0.05). The leg strength of both two training groups were significantly higher after
training program. This indicated that the improvement of leg strength of the training
groups increased by the training program while subjects of control group showed no
improvement due to less physical activity. However, comparing between weight
training group and interval training group, there were no significant differences after
training for 6 weeks (p>0.05). Two training programs enhanced the improvement of
the leg strength, because of program of exercise training that put sufficient load on the
muscles and, therefore; induce adaptation in number or size of muscles fiber after
training program. Several study investigated that the resistance training did increase
muscle fiber in type I, type Ila and Ilc (McCall et al., 1996; Hather et al., 1991;
Kraemer et al., 1995; Costill, 1976; Baldwin et al., 1972; Gollnick et al., 1973) and
increase capillaries per fiber (15%) (Frontera et al., 1990). Compos et al. (2002)
reported the adaptation of muscles after different resistance training program. The
authors suggested that the intermediate repetition resistance training program induced
greater muscles hypertrophy comparing to the high repetition regimen. Vogiatzis and
co-workers (2005) showed that the interval training can effectively induce skeletal
muscle adaptation. This result demonstrated that after exercise training, there was

significant increase in the cross-sectional areas of type I and Ila muscle fibers.
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The flexibility of weight training group and interval training group in pre and
post training were significantly higher than that of control group (p<0.05). The
flexibility of both training groups were significantly greater after 6 weeks training. It
was recommended that muscle stretching should be added to the exercise training
program especially at before and after to enhance the flexibility (increase joint range
of motion, reduce muscle tension) of training subjects congruent with study
experimented by Jackson and Baker (1986). Some studies reported the effect of
resistance training can enhance flexibility of upper and lower body in the elderly
subjects (Fatouros et al., 2006; Barbosa et al., 2002). In the present study, the
flexibility of interval training group and weight training group were not significantly
different (p>0.05).

The percent of body fat in pre and post training of weight training group,
interval training group and control group were similar (p>0.05). In addition, the
interval training group and weight training group were not significantly changed in
percent of body fat before and after training. This study indicated that duration of
training program was not long enough to make the adaptation on percent of body fat in
subject groups. Previous study in 2005 by Daly et al presented the effect of high-
intensity progressive resistance training on weight and fat mass within 6 months. They
found increase values of weight and fat mass in the group. Grund et al., (2001) studied
different attributes of physical activity and fitness and their relationships to nutritional
state in endurance and resistance trained, compared to untrained men. They reported
increase fat free mass and muscle mass by resistance training. However, body masses
and fat mass endurance training reduced by endurance training. On the other hand,
Fredrick et al (1991) reported the high-resistance training program (85%-90% of RM)
had significantly decreased percent body fat after training for 16 weeks. In this study,
the interval training program was separated into two modes: 1) Fast speed 2) low
speed of running on track. Anaerobic was the main energy at fast speed running
period. Previous study in 2001 by Mader et al. reported the bouts of high-intensity
exercise for 10 weeks did reduce subcutaneous adipose tissue more than low-intensity
exercise. The results recommended that the discontinuous (interval training) protocol

was not better in reducing subcutaneous adipose tissue.
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There were significant differences of lung vital capacity between two training
groups and control group for 6 weeks (p<0.05). The values of lung vital capacity in
both training groups were higher than the control group. However, lung vital capacity
of interval training group and weight training group were not significantly different
(p>0.05). Interval training group was significantly different within group. Weight
training did not change in lung vital capacity before and after training. This study
indicated that weight training program had not induced to stimulate physiological
adaptation for increasing ventilation. High-intensity interval exercise caused the
adaptation of neural input to the respiratory center and increasing of ventilation. For
this reason, interval training program with endurance training can increase
cardiovascular and respiratory fitness, the ability of lung to improve the volume of gas
exchange (O, and CO,) between atmospheric air and lung, also to improve respiratory
capacity, airway resistance, exercise tolerance, and to reduce work of breathing
(Frownfelter, 1978; Levenson, 1992; Cheng et al., 2003).

In the study, the blood lactate level at 9 and 12 minutes post-training program
were significantly decreased in weight training group comparing to control group.
There was significant differences between interval training and control group
(p<0.05). Blood lactate of interval training group was significantly lower than that of
control group at rest, 3, 6, and 12 minutes. At rest, interval training group was
significantly lower in blood lactate than that of weight training group. In addition, at
12 min of weight training group and at rest, 9 and 12 min of interval training group
were significantly lower in blood lactate comparing to those of the pre training. This
result indicated that the interval training program might delay the onset of blood
lactate accumulation level in muscle. Previous study supported that lactate threshold
was significantly higher in high-intensity interval training than moderate training
(Helgerud et al., 2007; Donvan and Brook, 1983). In 2007, Rozenek et al
recommended that interval training appeared to produce responses that may benefit
both aerobic and anaerobic energy system development. In addition, Burgomaster et al
(2006) reported the effect of interval training on physiological metabolism. Their

results indicated that training program did closer matching of glycogenolytic flux and
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pyruvate oxidation during submaximal exercise. It was benefit for delay lactate
accumulation during exercise (Donvan and Brooks, 1983).

The value of anaerobic peak power were significant differences among two
training groups and control group (p<0.05). However, the statistically significant
difference of anaerobic mean power was observed to be different only between
interval training group and control group. The value of anaerobic mean power in
control group was lower than the interval training group (p<0.05). Anaerobic mean
and peak power of between both two training groups were similar. These results
indicated that two training programs with high intensity exercise could stimulate the
anaerobic energy system. Previous study reported the effects of interval training
program on anaerobic system in preadolescent boys. The study recommended that
training program could enhance the increasing of the anaerobic capacity: mean power
by 10% and peak power by 14%, respectively (Rotstein et al., 1986). Even so,
Fatouros et al. (2005) reported the effect of strength training on anaerobic power of
older man. They reported that high-intensity training improved 17-25% in anaerobic
power value. The power drop value of control group was significantly higher than
interval training group after training period (p<0.05). However, the control group was
not significantly different compare to weight training at after training program
(p>0.05). Weight training group and interval training group were significantly
different in power drop before and after training (p<0.05). This study indicated that
interval training programs may improve lactate oxidation within working muscles,
increase expression lactate transporters in muscle sarcolemmal (Pilegaard et al., 1994)
and mitochondrial membrane, and maintain glucose homeostasis during exercise
(Dubouchaud et al., 2000).

In this study, the running time performance of weight training group, interval
training group and control group were significantly different between 400 meters
distance before and after training (p<0.05). There was significant difference in running
time between interval training group and control group at 400 meters distance after
training period (p<0.05). However, there was no significant difference in running time
at 100 meters among three groups before and after training; Control group was higher

in running time 100 and 400 meters than that of training groups after training. Exercise
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training programs did not affect running performance on 100 meters distance.
Although effects of two training programs had influence on 400 meters running time,
which was stimulated the procedure of anaerobic lactic system. As a result of training,
epinephrine is released into the circulatory system which more likely to signal
glycolysis and lactate production. Training programs may enhance transfer of lactate
turnover into the liver for glucose synthesis and storage (gluconeogenesis or Cori’s
cycle). Previous studies reported that the interval training program found improving
the time-trial performance of cyclists (Laursen, 2002), increasing in muscle strength
and power due to improve of muscle mass and neuromuscular activation (Macaluso et
al., 2004). Recently, the effects of combination between strength training and
endurance training was found to be greater improvement in the 4 km time-trial and
aerobic capacity (Chtara et al., 2005; Hickson et al. 1980) than each training
programme performed separately (strength circuit training and running endurance
training).

Data obtained from this study indicated that interval training and weight
training were beneficial to physical fitness. Exercise programs can be individually
adapted to meet various needs and abilities. However, to be cautious, the interval
training and weight training were high intensity training that may increase risk of

injuries. Coaches must understood technical training and prevent injury for athletes.
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CHAPTER VI
CONCLUSION

The present study of influences of different methods of training on physical
fitness and blood lactate level response during exercise exposure can be concluded as
following;

1. The VO,max of interval training was significantly higher than weight
training group and control group after 6 weeks training.

2. The leg strength of training groups were significantly higher than control
group (p<0.05). In addition, there were significant differences within training groups
before and after training.

3. The lung vital capacity and flexibility (Sit and Reach) were significantly
higher in training groups than control group (p<0.05). However, there were no
significant differences between both training groups (p>0.05).

5. Blood lactate level of interval training group at rest time was significantly
lower than the weight training group. Nevertheless, at 3-12 minutes of two training
program, lactic acid in blood capillary were decreased compare to before training
programs.

6. The anaerobic test (mean power, peak power) of training groups were
significant higher than the control group (p<0.05). Two training programs increased
the value of anaerobic test (mean power and peak power) than before training
programs. The decrease power drop was found in interval training group.

7. Training programs influenced adaptation for better physical fitness by
increasing strength, power and delay muscle fatigue which benefit was placed on

running time 400 meters distance.
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APPENDIX A
PHYSICAL ACTIVITY QUESTIONANAIRE
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APPENDIX B
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APPENDIX C
DATA COLLECTION FORM

4 = ' @ a o
ﬁﬂ\i “Nﬁ"UENE‘TEN?]’L]LL’U‘]_IfﬂiVJﬂﬁiﬁiﬂﬂﬁ/‘l‘ﬂ?\iﬂ?ﬂﬁE]5$ﬂﬂﬂiﬂlmﬂﬁﬂiulaﬁ]ﬂlmgﬁﬂiiﬂﬂW‘WuﬂﬁW"l”

(Effects of two methods of physical training on blood lactate level and athletic performances)

=S
BD — TN Do eeeesseess s es s essssee e 01.......... 1l
2
WU, nlansu AT FUAIAT
@ a a a a @ 3 =
ANUAUTATO ..o Naamasisen FUVTVUEWD. oo ATYUIM

= Y= ' o A A '
Hanwian luaueluiuinadounio .. ..o

Y 1 av 1
19139 TATINITIFOTUNGU oo

1. Yannumiun i) AR14374 (Skinfold thickness)

Trial 1 2 3

Biceps brachii (mm)

Triceps brachii (mm)

Subscapular (mm)

Suprailiac (mm)

2. AU IUBINA DU (Legs strength)

Trial 1 2

Force (kg)

3. 9anNNBOUM (Sit and reach test)

Trial 1 2

Length (cm)
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4. Jal3mnamslveandiaugage (VO,max)
Subject’s BW HRmax (220- Submax Vo2 (ml.kg- HR VO,,.x
name (kg) age) 1.min-1) b (ml.kg'l. min")
at SM2 at SM1 atSM2 atSM1
5. Jad3nansanandn (Lactic acid)
Condition Duration HR (bpm) Lactate (mmol/l)
(min)
Rest 10
Grade 10%, 1.7 mph 3
12% , 2.5 mph 6
14% , 3.4 mph 9
16% . 4.2 mph 12
6. Jau3anaanumuulyilFoenday (Anaerobic Power)
BW Load Power (watt/kg)
Subject Power drop (%)
(kg) (kp) Mean Peak

7. JanugUea (Lung vital capacity)

Subject

1

(cc)

(cc)
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8. Jaaus5amMumM3sdunalunsIa (Time test)

Running Time Running Time

Group 100 m 400 m

Pre Post Pre Post

Interval training

Weight training

Control
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APPENDIX D
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APPENDIX E
Weight training program

1. Resistance exercise training by single machine includes;
1.1 Leg press
1.2 Bench press
1.3 Leg extension

1.4 Half squat

2. Starting at low intensity 40-50% RM, 12 repetitions and rest 1 minute between set

in each single machine.

Leg press — Bench press — Leg extension — Half squat
3. Mode of exercise was 70% RM, 12 repetitions per set, 3 set per machine and rest 1
minute between set in each single machine (Leg press, Bench press, Leg extension and

half squat, respectively).

4. Finally, subject groups did stretch muscle about 10-15 minutes.
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