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This study was undertaken to investigate the effects of long-term regular
exercise training on scavenging enzymes, namely, superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPX) in humans at rest and at one hour
after endurance exercise at 70% maximum heart rate. Anthropometry, physical fitness,
plasma lipid peroxide using malondialdehyde (MDA) as an indicator, and muscle
damage, using lactate dehydrogenase (LDH) and creatine phosphokinase (CPK) as
indicators, were also studied. Thirty two boys, 10-14 years of age, were divided into 3
groups: sedentary, swim-trained, and football-trained subjects. After one year of
regular exercise training (20 hours per week), besides the significant decrease in resting
heart rate and the significant increases in physical fitness characteristics i.e. muscular
strength, muscular endurance, and aerobic capacity-PWCy, the trained subjects
showed no increase in MDA either at rest or at one hour after endurance exercise.
These results were in contrast with those found in sedentary subjects in which both
resting and post-exercise MDA were found to be increased significantly after one year.
For tissue damage indicators, there were no increases in either CPK or LDH in the
trained subjects but a significant increase in LDH in sedentary subjects after exercise.
Resting and exercise induced levels of scavenging enzymes in trained and sedentary
subjects were also found to be different. After one year, SOD activities were
significantly increased in football-trained subjects both before and after endurance
exercise while no change was found in sedentary subjects. In addition, an increase in
SOD level at 48 hours after exercise was also found in swim-trained subjects. Post
exercise CAT was found to be decreased and post exercise GPX was found to be
increased in both trained and untrained subjects after one year.

Our findings that long-term regular exercise training caused no increase in
either resting or post exercise levels of MDA and that post exercise LDH was not
increased in the trained subjects suggest that long-term exercise training has beneficial
effects in preventing lipid peroxidation process and reducing tissue damage possibly by

the increased induction of SOD scavenging enzymes found in the trained subjects in
this study.
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CHAPTER1

INTRODUCTION

In recent years, exercise has expanded in scope from competitive sports to
disease prevention and health promotion (1). Although physical exercise is known to
have many beneficial effects, there is also some evidence that exercise increases the
free radical production (2-4). Strenuous physical exercise and sports are associated
with a dramatic increase in oxygen uptake both at the whole body level and in the
skeletal muscle (5). Most of the oxygen consumed is used in the mitochondria for
oxidative phosphorylation and is reduced to water (6, 7). However, a small fraction of
oxygen (approximately 2% to 5%) is converted into several oxygen intermediates, i.e.,
superoxide radical (O,"), hydrogen peroxide (H,0,) and hydroxyl radical (OH") (5, 8,
9). Collectively, they are classified as “reactive oxygen species” (10, 11). In the past
decades, increasing evidence has accumulated indicating that the production of reactive
oxygen species may be involved in numerous biochemical and physiological events
leading to cell and tissue injury (5). They are potentially deleterious to the cell because
they are able to abstract hydrogen atoms from polyunsaturated fatty acids of cellular
membranes which leads to the subsequent chain reaction process called lipid
peroxidétion (12-15). The degree of lipid peroxidation occurred can be estimated by
the assessment of its main product, malondialdehyde or MDA (16, 17). Lipid
peroxidation of cell membrane causes loss of fluid property and membrane flexibility

due to the alteration in the fluid-mosaic bilayer, which perturbs cell integrity (18-20).
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The leakage of intracellular enzymes across the abnormally permeable membrane into
the plasma, provides important clinical parameters of cell injury (21). The enzymes
most commonly used as cell injury indicators are creatine phosphokinase (CPK) and
lactate dehydrogenase (LDH) (22, 23).

However, during evolution living organisms have developed a sophisticated
antioxidant system to cope with the deleterious byproducts of oxygen reduction.
These systems include chemical compounds capable of “scavenging” reactive oxygen
species as well as a series of enzymes specializing in reducing free radicals to more
stable species (24). The three most important antioxidant enzymes in our body are
superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX) (25-
27). It is believed that the antioxidative defense system is in a dynamic equilibrium, so
that a decrease in one of the factors will, to a certain extent, be compensated through
an increased capacity of the other antioxidants. This implies that evaluating the
capacity of the antioxidative defense system requires determination of the whole
antioxidant status at the time (28).

Despite the exercise-induced free radical changes as mentioned above, there is
a positive side of oxidative stress associated with regular exercise (3). The enzymatic
defense system has been reported to be increased in trained tissue of rats, following
regular exercise (26, 29-31). For human, Toskulkao et al. (32) have reported that
exercise training programme resulted in the higher activities of scavenging enzymes
(SOD, CAT, and GPX) in either short or long distance runners when compared to
those in sedentary subjects. However, a study on levels of antioxidant enzymes in

highly trained subjects by Marzatico et al. (33) showed a significant reduction in CAT
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after training. Ohno et al. (34) who also studied the effect of physical training in
human reported no change in SOD activity after training. Therefore, the information
about the effects of exercise on lipid peroxidation and scavenging enzymes in human
are still controversial and somewhat limited. Moreover, there is still no longitudinal
study in human comparing the level of lipid peroxidation and scavenging enzymes after
exercise in the same group of subjects after long-term exercise training. This study
was thus performed to investigate the effects of long-term exercise training on lipid
peroxidation, tissue damage, and scavenging enzymes in human. Besides the effects of
long-term exercise training, the effect of single bout endurance exercise and types of
exercise (weight bearing and non-weight bearing) on lipid peroxidation, tissue damage
and scavenging enzyme responses in trained and untrained subjects were also
investigated.

The objectives of this study were as follow:

1. To study the effect of endurance exercise on lipid peroxidation (plasma
MDA level), tissue damage (plasma CPK, LDH) and erythrocyte scavenging enzymes
(SOD, CAT, GPX) in trained and untrained boys.

2. To study the effect of long-term (one year) exercise training on resting
levels and also on changes after endurance exercise of MDA, LDH, CPK and
scavenging enzymes (SOD, CAT, GPX).

3. To study whether different types of exercise training (weight bearing as
football and non-weight bearing as swimming) lead to different responses in lipid

peroxidation, tissue damage and scavenging enzymes after endurance exercise.
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CHAPTER 11

LITERATURE REVIEW

I. Free radicals and lipid peroxidation

Free radicals

Free radicals may be broadly defined as molecules or ions that capable of
existing independently and containing one or more unpaired electrons in their outer
orbitals (11, 12, 14, 18, 35, 36). The conventional radical dot (e) designates the
presence of one or more of the unpaired electrons (35, 36). The unpaired electron
causes the free radical to be highly reactive and unstable (13, 21, 38, 39). To regain
the stability, the free radicals will pull electrons from adjacent molecules. If free
radical generation is intense and uncontrolled, the outcomes are general molecular
chaos and loss of cell functions (32, 40).

In general, human cell is aerobic and consumes molecular oxygen in energy
producing process. The oxygen free radical intermediates partly yielded from the
electron transferred process in respiratory chain are harmful for aerobic cells. The
three most important oxygen derived free radicals are superoxide radical (O;’),
hydrogen peroxide (H,O,) and hydroxyl radical (OH") (5, 21, 27, 30). They are all
occurred through the reduction process of a molecular oxygen. The first addition of
one electron forms superoxide (O,"), the second converts this to hydrogen peroxide

(H,0,) and the third produces hydroxyl radical (OH") (18). (Figure 1)



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) / 5

O,
le”
~—» 0," (Superoxide radical)
pe
2¢e”
4e” ~—» H,0, (hydrogen peroxide)

3e”
~——> 2 OH’ (hydroxyl radical)

v
2 H,O

Figure 1. Univalent pathway for the reduction of molecular oxygen. By a series of
single-electron transfers molecular oxygen is reduced first to the superoxide radical
(0;") and from superoxide, with the addition of two electrons, to hydrogen peroxide
(H,O,). Hydrogen peroxide is itself then univalently reduced, with the addition of
another proton, to water and the hydroxyl radical (OH"). A final univalent reduction
and the addition of another proton convert the hydroxyl radical to water. [Adapted

from Bulkley Gb. (18)].

These three reactive oxygen species (ROS) can cause a wide spectrum of cell
damage including inactivation of enzymes, alteration in intracellular oxidation-

reduction state, damage of DNA and lipid peroxidation (37, 41, 42).

Lipid peroxidation
Lipid peroxidation is a process that any free radical (R") in the presence of
molecular oxygen (O,), with sufficient energy, abstracts a hydrogen atom from a

methylene group (-CH,) of unsaturated fatty acid (LH) (11,15, 16, 19). (Figure 2)
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a

|
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I

H H H H HH H O

| | | |
~CH,-C=C-CH,- C=C- - CH,;-C=C- C=C-CH-

Figure 2. Change in the structure of lipid due to hydrogen abstraction by free radicals
(36).
The process of lipid peroxidation can be divided into three distinct steps as

followed (Figure 3)

INITIATION PUFA (LH)

v
PROPAGATION LIPID RADICAL (L")

"""" "0, CONJUGATED
................................ > DIENES
A 4
LIPID PEROXIDE
RADICAL (LOO")

TERMINATION LIPID PEROXIDE (LOOH) '
v v

MALONDIALDEHYDE PENTANE. ETHANE

Figure 3. Three steps of lipid peroxidation : initiation, propagation and termination (4).
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1. Imitiation Step
The first step is the initiation process by which a free radical (R")
removes a H atom from a lipid molecule (LH), thus generating a lipid radical (L"); as in
the reaction below:
LH + R"—» L'+RH
2. Propagation Step
The second steps are series of propagation reactions in which the lipid
radical (L") quickly reacts with molecular oxygen and forms another radical, the peroxy
radical (LOO") which in turn removes another H atom from an unsaturated fatty acid,
producing a lipid hydroperoxide (LOOH) as well as another L. As long as a carbon
centered L" continues to be produced in the presence of oxygen, the generation of
LOO" and L" will continue as will the demise of the unsaturated fatty acid (36). The
propagation reactions are shown below:
L + O ——» LOO’
LOO" +LH — LOOH +L'’
3. Termination Step
Propagation of the lipid peroxidation process will continue until the
substrate is depleted or the process is interfered by antioxidant (AH). The antioxidant
will react with the free radicals and interrupt the chain reactions process, thereby
terminate the reaction (32, 43, 44).
LOO (orL)+ AH ——» LOOH (orLH) + A

LOO (orL)+L* ——» LOOLorl,
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Normally, biomembranes contain relatively large amounts of
polyunsaturated fatty acid (PUFAs). The greater the number of double bonds in the
fatty acid side chain the easier the hydrogen atom can be removed. So, PUFAs are
major sites of lipid peroxidation (11, 16, 36). Oxidation of PUFAs or lipid
peroxidation leads to the disintegration of fatty acid and formation of hydrocarbon
gasses (e.g., pentane) and aldehydic compounds, in particular the volatile low
molecular weight aldehyde, malondiadehyde (MDA) (5, 45). The deleterious health
outcomes associated with accumulation of large amounts of lipid peroxidation
byproducts such as MDA, include an increase in tumor frequency, incidence of

atherosclerosis and cancer (36).

Lipid peroxidation induced cellular damage.

Free radicals damage cell membranes by catalyzing amino acid oxidation,
protein-protein cross-linking, protein strand scission, and attacking polyunsaturated
fatty acid in cell membrane leading to lipid peroxidation and MDA production. (Figure
4). MDA can induce polymerization of membrane components and variety of cross-
linking reactions such as lipid-lipid cross-linking and lipid-protein cross-linking (18).
These effects will result in deteriorative changes in cellular membranes such as a
decrease in membrane fluidity and an inability to maintain ionic gradients. Cellular
swelling, a loss of cell integrity and cell inflammation will follow (3, 46).

Free radicals may also disrupt subcellular membrane of important organelles
such as mitochondria, microsome and lysosome (18, 21, 47). Lipid peroxidation of the
mitochondrial membrane leads to swelling, lysis, and disintegration of the

mitochondria. Microsomal membrane damage results in disaggregation of
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Figure 4. Free radical damage of membranes. Free radicals can affect lipids by
initiating peroxidation, which leads to short chain fatty acyl derivatives and the
byproduct malondialdehyde. Variety of cross-linking reactions can be mediated
malondialdehyde reactions. Free radicals can also catalyze amino acid oxidation,

protein-protein cross-linking, and protein strand scission.
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polyribosomes and inhibition of protein synthesis. For the lysosomes, since they
contain hydrolytic enzymes, the lysosomal membrane damage will be followed by the

enzymatic digestion of other cell components (11).

II. Scavenging enzymes

Our body is equipped with a sophisticated antioxidant system to deal with the
production of reactive oxygen species (ROS). The system includes antioxidant
enzymes and antioxidant vitamins. Antioxidant enzymes or “scavenging enzymes”
provide the first line of defense against ROS by converting them to more reduced and
more stable species. The three major scavenging enzymes are superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPX) (5, 25-27, 48) (Figure 5).
A second line of defense is provided by exogenous antioxidants primarily obtained as
nutrients or nutritional supplements such as vitamins, carotenoids and reduced
glutathione (11, 17).

The possible mechanisms by which antioxidants may protect against oxygen
toxicity are as follows: (11, 35)

1. decreasing localized oxygen concentration and prevention at ROS
formation.

2. chain-breaking mechanism whereby intermediate radicals (e.g.,
0,") are scavenged to prevent continuation of more deleterious forms (e.g., OH,
H,0,).

3. interception of ROS attack by scavenging the reactive metabolites
and converting them to less reactive molecules and/or by enhancing the resistance of

sensitive biological targets to ROS attack.
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4. facilitating the repair of damage caused by ROS and triggering the
expression of genes that encode antioxidant proteins.
5. providing a favorable environment for the effective functioning of

other antioxidants (e.g., as a cofactor or by acting to maintain a suitable redox status).

Superoxide dismutase (SOD)

SOD is the enzyme involves in cellular defense against uncontrolled
oxidative processes. It catalyzes the dismutation of the superoxide radical anion and
hence diminishes toxic effects due to this radical or to other free radicals derived from
secondary reactions (36). Thus, the principle function of SOD is to catalyze the
conversion of superoxide (O,") to hydrogen peroxide (H,O) as in the reaction below
5, 11). |

SOD
20" + 2H' ————p 0, + H,0,
Catalase (CAT)

Catalase is an enzyme present in nearly all animal and plant cells (49).
In mammalian cells, catalase is mostly localized in the peroxisomes (microbodies) of
liver and kidney, and in much smaller aggregates (micro-peroxisomes) found in other
tissues (36). For human, catalase, in soluble state, is also found in red blood cells (32).

It is suggested to play a dual roles (32, 36, 49) which are:
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Figure 5. Formation of reactive oxygen species and anti-oxidant mechanisms in biological systems.
0, is converted to superoxide (O,") by oxidative enzymes in the ER, mitochondria, plasma membrane,
peroxisomes, and cytosol. O," is converted to H,O, by dismutation and thence to OH" by the Cu**/Fe*™
catalyzed Fenton reaction. H,0; is also derived directly from oxidases in peroxisomes. Not shown is
another potentially injurious radical, singlet oxygen. Resultant free radical damage to lipid
(peroxidation), proteins, and DNA leads to various forms of cell injury. Note that superoxide
catalyzes the reduction of Fe™™ to Fe**, thus enhancing OH" generation by the Fenton reaction. The
major antioxidant enzymes are superoxide dismutase, catalase, and glutathione peroxidase.
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1. to decompose hydrogen peroxide (H,O,) as in the reaction below.
CAT
2H, 0, —» H,0, + O,
2. to catalyse a peroxidation reaction in which the hydroperoxide
(ROOH) is utilized to oxidize a range of H donors (AH;) such as methanol, ethanol
and formal dehyde, as in the reaction below.
CAT
ROOH + AH, » H,0 + ROH + A
In each case an active enzyme-H,0, complex is firstly formed followed by an

exceedingly rapid second stage in which a second molecule of H,O, serves as a H-

donor for the enzyme-H,0O, complex.

Glutathione peroxidase (GPX)

GPX is found in animal’s liver and lung and human’s erythrocytes. It
consists of four apparently identical subunits, each of which contains one atom of
selenium (Se). Selenium in native glutathione peroxidase is in the reduced form which
is not bound to oxygen. It has long been known that Se is an essential nutrient. Se-
deficient animals have markedly decreased GSH peroxidase activity (30, 50).

GPX catalyzes the following reactions:

GPX
1.  2GSH + H,0, ——» GSSG + H,0,

GPX has been shown to have high specificity to the detoxification of

hydrogen peroxide (H,O,) by the oxidation of reduced glutathione (GSH) (51).
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GPX
2. 2GSH+ROOH ———™> ROOH + GSSG

GPX catalyzes the reduction of hydroperoxides (ROOH)

with glutathione (GSH) as the reductant to generate oxidized glutathione (GSSG)

(52).

ITI. Effects of exercise and exercise training

Effects of exercise

Exercise is an important lifestyle change which may bring about significant
benefits in health and quality of life (53). It is referred to as physical activity or work
of a fairly vigorous nature legding to a number of important bodily changes. Many of
these changes influence physiological as well as psychological functions in very striking
ways. The changes in function of the body are brought about by both single and
repeated bouts of exercise.

The functional changes that occur when one exercises a single time are called
responses to exercise. These functional changes are sudden, temporary and disappear
shortly after the exercise period is finished. They are, for example, the increase in
heart rate, the rise in blood pressure, the increase in breathing, the increase in blood
flow to the working muscles and the decrease in blood flow to the stomach and the
kidney. Each of these responses is no longer present a few minutes after the exercise is
over (54, 55).

However, there is some evidence that acute exercise may be harmful. The
increase in oxygen uptake during exercise is accompanied by an elevation of reactive

oxygen species (ROS), which is considered to be oxidative stress (17).



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) / 15

Exercise induced lipid peroxidation and muscle damage

Physical exercise and sports are associated with a dramatic increase in oxygen
uptake both at the whole-body level and in the active skeletal muscle (5). The rate of
oxygen uptake by the body during exercise may increase by 10-15 folds (11). Most of
the oxygen consumed is used in the mitochondria for oxidative phosphorylation and is
reduced to water. However as has been mentioned before, a small fraction of oxygen
consumed is converted into several oxygen free radicals such as superoxide radical
(0,"), hydrogen peroxide (H,0,), and hydroxyl radical (OH"). Electron spin resonance
and paramagnetic resonance spectrometry are two methods that are used to detect free
radicals in both in vitro and in vivo models (3). Devies et al. (2) measured
electroparamagnetic resonance of tissue homogenates from animals at rest compared
with exercise and reported a two to three folds increase in paramagnetic signal peaks
of muscle and liver tissues following exhaustive exercise. Jackson et al. (56) examined
the effects of 30 min of excessive muscle contractile activity on the amplitude of a
major electron spin resonance signal. They reported a 70% increase in amplitude of
the major signal in active intact muscle compared with rest. These two studies showed
that free radicals are increasingly produced during exercise. These deleterious free
radicals when react with components of cell such as polyunsaturated fatty acid will
lead to lipid peroxidation and cell damage (4, 8).

Markers for lipid peroxidation and muscle damage

Significant increases in free radical production during exercise with
subsequently induction of muscle damage can be indirectly measured by the presence

of several lipid peroxidation byproducts. Conjugated dienes appear at the onset of
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lipid peroxidation and seem to be linked to several steps of lipid peroxide degradation
so they are considered to be one of reliable measurements of lipid peroxidation (57).
However, dienes do not indicate which specific lipid peroxidation products are being
measured. In fact, only 30-55% of lipid peroxidation is actually detected by diene
measurement (57-59). Another biomarker of lipid peroxidation, lipid hydroperoxide, is
formed when hydroperoxides are reduced by the peroxidase activity of hemoglobin.
Because hemoglobin has broad substrate specificity, including nonperoxides, the
sensitivity of this method to measure lipid peroxidation is low in unpure system (60).
Furthermore when exercising at intensities below maximum effort, an increase in lipid
hydroperoxide was not always evident.

TBARS have been widely used to measure lipid peroxidation in cell
membranes and fatty acids. This thiobarbituric acid technique has been shown to be
sensitive to malondiadehyde, a good general index of oxidative stress in biological
systems (61). Kanter et al. (62) reported a 77% increase above the resting
concentration of TBARS in both plasma and serum from highly trained humans
following exhaustive running exercise. Davies et al. (2) reported a similar percent
increase in malondialdehyde (81%) above rest following exhaustive running exercise in
untrained rats. Regardless of training status exhaustive exercise appeared to have a
similar effect on TBARS and malondialdehyde in both human and rat models.

Plasma MDA measurements during exercise have also been correlated with
creatine phosphokinase (CPK) and lactate dehydrogenase (LDH), markers for muscle
damage (22, 63-65). These enzymes are the efflux of intramuscular proteins from the

damaged muscle fibers into the extracellular space (21, 22, 66-68). The use of CPK
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and LDH as the indicators for muscle damage is on the basis of the assumption that the
release of the enzymes, reflected by the increased plasma enzyme activities, is related
to the muscle enzymes content as well as to the degree of exercise-induced muscle

damage (22).

Malondialdehyde (MDA)

MDA, a lipid peroxidation byproduct, is a toxic compound capable of reacting
toward sulfhydryl and amino groups of proteins. It is a bifunctional cross-linking agent
since it can produce both intramolecular and intermolecular linkages which can lead to
inactivation and polymerization of enzymes such as ribonuclease. Its reactivity toward
amino groups can result in interactions with the endogenous base of DNA and
inhibition of DNA, RNA and protein synthesis thereby affecting their biological
functions (47, 69, 70).

Malondialdehyde levels have been found to increase during exercise in a
variety of tissues and the levels also seem to depend on the intensity of exercise or
work load. It is the most common parameter that has been studied with respect to
exercise. In most cases, the thiobarbituric acid (TBA) reactivity approach has been
used for MDA assay (3, 11, 45, 71, 72). Eventhough the reliability of using
malondialdehyde as an indication for oxidative stress has been questioned recently, it
remains a useful marker for gross oxidative damage if a multifaceted approach is

adopted and the limitations are recognized (5).
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Creatine phosphokinase (CPK)

Creatine phosphokinase is a dimeric enzyme in the muscle cells that catalyzes
the reversible phosphorylation of ADP by creatine phosphate to form ATP and free
creatine. The reaction is : phosphocreatine + ADP ]E_P;E__’ Creatine + ATP. CPK is
a large molecule (80,000 Da) and therefore does not enter the blood stream directly.
The disruption of the muscle cell membrane can cause CPK to leak from the muscle
tissue into the interstitial fluid passing into the lymphatic system and finally emptying
into the general blood circulation (73).

The two dimers of CPK, M (muscle) and B (brain), combine to form three
isozymes : CK-MM, CK-MB, and CK-BB. Each isoenzyme carries out the identical
reaction in different tissues of the body : CK-MB in the cardiac tissue, CK-BB in the
brain and CK-MM in the muscle (73).

The M subunit can combine to form three possible CK-MM isoforms CK-
MMI1 is the pure gene product and is released from the muscle tissue into the
circulation and converted into CK-MM2 and then CK-MM3. CK-MM2 and CK-MM3

are formed by a carboxpeptidase-catalyzed hydrolysis of c-terminal lysine residues

(74).

Lactate dehydrogenase (LDH)

Lactate dehydrogenase is also commonly used as a marker for muscle tissue
damage (22). The formation and the turnover rate of lactate during heavy muscular
exercise is catalyzed and regulated by the enzyme LDH (75). This enzyme catalyzes

the interconversion between lactate and pyruvate in glycolytic pathway.
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The reaction is :

LDH
Pyruvate + NADH + H" — Lactate + NAD"

-«

LDH is composed of four subunits of either M (muscle) or H (heart) type,
which gonsequently may combined in 5 different ways and result in 5 isozymes.
LDH-3 is the predominant fraction found in the lung and spleen. The heart specific
isozymes (LDH-1 and LDH-2) are bound to mitochondria and favor the oxidation of
lactate to pyruvate during aerobic metabolism, while the muscle specific isozymes

(LDH-4 and LDH-5) seem to be bound to the sarcoplasmic reticulum and reduce

pyruvate under anaerobic condition (75-77).

Effects of exercise training

A single bout of exercise is sometimes called “acute exercise” whereas
repeated bouts of exercise over several days or months is called “chronic exercise” or
“exercise training” (54). The major objective of training is to facilitate biologic
adaptations that improve performance in specific tasks. An “adaptation” is a more or
less persistent change in structure or function following training that apparently enables
the body to respond more easily to subsequent exercise bouts. Ordinarily, adaptations
are not seen until several weeks of training have passed, but some occur after only four
or five days of training. One example of an adaptation to training is a reduction in
heart rate for a submaximal exercise load that nearly always follows several weeks of
training. This reduction in exercise heart rate seems to enable the heart to pump the
same amount of blood to the body’s tfssues at a lower energy cost for the heart.
Another example of an adaptation is the increased muscle size that accompanies a

strenuous weight-lifting program and enables the lifter to exert greater muscular force
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than before training. Much of this increased strength persists for many months after

the training program ends (54).

Factors that affect training response

The training is influenced by many factors such as intensity, duration,
frequency and type of exercise (55, 78, 79). Each of these is important for physical
adaptations. To achieve the training improvement, these major factors must be

considered.

Exercise intensity

The intensity of training is the most important factor for improving aerobic
capacity (55, 78, 79). It reflects both the caloric cost of the work and the specific
energy systems activated. Intensity can be applied either on an absolute or relative
basis.

Absolute intensity: An example of an absolute training intensity would be to
have all individuals do the same work at the same rate, such as 200 watts on the
bicycle ergometer or expend 300 kcal in a 30-minute exercise session. With everyone
doing the same amount of work, a considerable exercise stress for one person might be
below the training threshold intensity for another more highly conditioned person. For
this reason, training is usually assigned based on the relative stress placed on a person’s
physiologic system (78).

Relative intensity: Relative intensity is usually assigned as some percentage of

maximum function, for example, maximum oxygen consumption (VO,max), maximum

heart rate (HRmax), or maximum working capacity. The general practice for
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establishing aerobic training intensity is to either directly measure or estimate the
person’s \.’OZmax or maximum heart rate, and then assign a work schedule that
corresponds to some percentage of these maximums (78).

Although establishing training intensity from measures of oxygen consumption
is reasonably accurate, it is impractical without sophisticated equipment. An effective
alternative is to use heart rate to classify exercise in terms of relative intensity and to
establish a training protocol. This practice is based on the fact that percent \.’Ozmax
and HRmax are related in a predictable way, regardless of gender, fitness level or age.
Selected values for percent ilozmax and corresponding percentages of HRmax

obtained from several sources are presented in Table 1 (80-82).

Table 1. Relationship between percent HRmax and percent VO,max (79).

Percent HRmax Percent \.logmax
50 28
60 40
70 58
80 70
90 83
100 100

The error in estimating percent VO,max from percent HRmax, or vice versa,
is about + 8%. Because of this intrinsic relationship, it is only necessary to monitor
heart rate to estimate percent VO,max (78, 79).

As a general rule, aerobic capacity improves if exercise is of sufficient intensity

to increase heart rate to about 70% of maximum. This is equivalent to about 58%
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\.’Ozmax or, for college-aged men and women, to a heart rate of 130 to 140 beats per
minute with leg exercise as in cycling, walking, and running. This intensity appears to
be the minimal stimulus required to provide training improvements. An exercise at
heart rate of 70% maximum represents moderate exercise that can be continued for a
long time with little or no discomfort (78). Generally, the greater the relative training
intensity above threshold, the greater is the training improvement (83, 84). However,
this is only true within certain limits. Although there may be a minimal threshold
intensity below which a training effect does not occur, there may also be a ceiling
“threshold” above which there are no further gains. The lower and upper limits may
~depend on the participant’s initial capacity and state of training. For people in
relatively poor condition, the training threshold may be closer to 60% of HRmax that
corresponds to about 45% ;lozmax. Individuals at higher fitness levels generally have
a higher threshold levels (85). The ceiling for training intensity is unknown, although
85% {/OZmax (corresponding to 90% HRmax) is thought to be the upper limit. At
present, no definitive research is available to either prove or disprove this notion (78,

19).

Duration of training

One of the most common inquiries concerning exercise participation deals
with the duration of the daily workout. In general, performing less exhaustive,
moderate-pace exercise for 20 to 30 minutes per session is a realistic recommendation
for exercising in terms of intensity of effort and time commitment. However, most
competitive endurance athletes spend from 2 to 3 hours or more per training session in

activities geared to enhance the functional capacity of their physiologic systems (86).
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For optimal improvement depends on the interaction of many factors including the
total work accomplished, exercise intensity, training frequency, and initial fitness level.
Whereas 3 to 5 minute periods of daily exercise produce training effects in some
poorly conditioned people, 20 to 30 minute exercise sessions achieve more optimal
results if the intensity is at least 70% HRmax. At higher-intensity training, significant
improvements will occur during a 10-minute workout. Conversely, 60 minutes of
continuous exercise may be required to produce a training effect when exercise

intensity is below the threshold heart rate (78).

Frequency of training

Training frequency is another important factor in eliciting cardiovascular
improvements (87). However, this factor may be considerably less important than
either exercise intensity or duration (83, 84). Exercise at least 3 days a week for at
least 6 weeks generally is necessary to bring about adaptive changes in the aerobic
system (55). More frequent training is beneficial if the training is performed at a lower
intensity. The extra investment of time needed to increase training frequency may not
always be that profitable in inducing improvements in physiologic function (78, 79).
Training fewer than 2 days per week generally does not produce meaningful changes in

anaerobic or aerobic capacity or body composition (55).

Mode of exercise
If exercise intensity, duration, and frequency are held constant, training
improvements are similar, regardless of training mode as long as the exercise involves

relatively large muscle groups and improvement is evaluated in the exercise mode used
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during the training (79). The magnitude of training changes may vary considerably
depending on the mode of testing. Likewise, individuals that train by swimming show
the greatest improvement when measured during an upper body exercise (88, 89).
However, most mode of exercise, when used in a training program will lead to

substantial and equal gains in fitness (79).

General physical fitness testing

The progress of training can be determined by the assessment of general
physical fitness of individual. The recommended tests for the general physical fitness
components have been grouped into the following areas:

1. Muscular strength is the capacity of a muscle to exert a maximal force
against a resistance. Strength training results in some enlargement of the muscle ﬁberk
(hypertrophy) and a relative increase in one’s ability to apply force. It is fundamental
to all sports. A lack of reasonable strength obviously contributes to poor performance
in sports (54).

Muscular strength can be measured using equipment such as dynamometer,
cable tensiometers and force transducers and recorders or one-repetition maximum test
such as bench press, standing press, leg press, half squats and arm curl (90).

2. Muscular endurance is the capacity of a muscle to exert a force
repeatedly over a period of time. It is the ability to apply strength and sustain it.
Three common tests of muscular endurance are the sit up, the pull up and the flexed-
arm hang (86, 91).

3. Flexibility is the ability to move the body throughout its maximum range

of motion and concerns the stretching of the muscles and tissues around skeletal joints.
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Flexibility will normally be measured with either of the three tests: shoulder reach,
trunk flexion (sit & reach) and trunk extension (86, 91).

4. Cardiorespiratory endurance is the most essential physical fitness
component. Test conducted under stress for the evaluation of aerobic metabolism can
be performed by subjecting the athlete to maximal or submaximal work. {’Ozmax is
the most expressive parameter of aerobic capacity, and it can be estimated by two
methods: (a) direct measurement using spiroergometric methods and (b) indirect
measurement using submaximal exercise tests (86). The direct measurement of
{fozmax requires expensive laboratory equipment, a considerable amount of time, and
a high level of motivation on the part of the subject. Alternatively, submaximal
exercise tests can be used to predict or estimate the ilOzmax of the individual. It
assumes a linear relationship between heart rate, oxygen uptake and work intensity.
While this is true for light to moderate work loads, the relationship between oxygen
uptake and work becomes curvilinear at heavier work loads (91).

5. Body fat assessment : In clinical settings, exercise science and health
professionals routinely assess body fat (BF) levels of their subject using methods such
as skin folds (SKF), bioelectrical impedance analysis (BIA), and near-infrared
mteractance (NIR) (92). Hydrodensitometry or hydrostatic weighing has been also
considered by some experts as a gold standard method for estimating %BF. However,
this method is not error-free since accurate assessment of body fat using this method
requires correcting total body volume for residual lung volume. Katch and Katch (93)
reported that a 600 ml difference in residual volume may affect the estimation of

relative body fat (%BF) by as much as 8% BF. Thus, in field study, the most
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acceptable method for measuring body fat composition is skinfold technique, due to its
simplicity, low cost, and comparable reliability. In using skinfold calipers, 2-3 sites of
skinfold measurements are normally performed. The sum of data from skinfold
mesurement is used to calculate the percentage of body fat (%BF), the poorer the

athletic performance (94).

Anaerobic and aerobic training

All three energy-transfer systems- the ATP-CP system, the glycolytic or lactic
acid system, and the aerobic or oxygen system-operate at different times during
exercise. Their relative contributions to the energy continuum directly relate to the
duration and intensity of specific activity (86). Exercise is broadly classified, in terms
of its duration and the predominant energy pathways, into two categories: anaerobic

and aerobic exercise.

Anaerobic training

Anaerobic training is the training to improve the capacity to perform all-out
exercise for brief periods of time (up to 60 seconds). Anaerobic exercise largely
depends on ATP generated by the immediate and short-term anaerobic energy system.
Sports such as football, weightlifting and various other brief sprint activities rely
almost exclusively on energy derived from the ATP and CP that comprise the muscle’s
high energy phosphates. In training to enhance ATP-CP energy transfer capacity, the
activities selected must engage the specific muscles at the movement speed and power
output for which the athlete desires to improved anaerobic power. As the duration of

all out effort extends beyond 10 second, dependence on anaerobic energy from the
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intramuscular phosphates decreases while the magnitude of anaerobic energy generated
in glycolysis increases. To improve the capacity for energy transfer by the short-term
lactic acid energy system, training must overload this aspect of energy metabolism (78,

79).

Aerobic training

The aerobic, or oxygen, system releases energy for ATP production from the
breakdown mainly of carbohydrate and fat, and sometimes of protein. Aerobic training
program requires two important factors. Firstly, the training must provide a sufficient
cardiovascular overload to stimulate increases in stroke volume and cardiac output.
Secondly, this central circulatory overload should be accomplished by exercising the
sport-specific muscle groups to enhance their local circulation and “metabolic
machinery”. This consideration essentially embodies the specificity principle as applied
to aerobic training. Simply stated, runners should run, cyclists should bicycle, rowers
should row, and swimmers should swim. In conclusion, the two major goals of aerobic
training are 1. to develop the capacity of the central circulation to deliver oxygen, and
2. to enhance the capacity of the local musculature to supply and process oxygen (79).

Relatively brief bouts of repeated exercise (interval training), as well as
continuous, long-duration efforts (continuous training), enhance aerobic capacity,

provided the exercise is sufficiently intense to overload the aerobic system (55, 79).

Effects of exercise training on lipid peroxidation and muscle damage.
Exercise has been reported to induce an increased production of oxygen derived free

radicals (20). However, there is no evidence that moderate or even strenuous exercise
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performed regularly for many years results in impaired function of skeletal muscle (34,
95). Alessio et al. (72) studying in untrained and treadmill-trained rats, suggested that
endurance training could result in a reduction in MDA during moderate exercise by the
activation of the scavenging enzyme catalase. Venditti et al. (1), studying in untrained
and swim trained rats, found a smaller increase in lipid peroxidation and a greater
increase in glutathione peroxidase in trained rats when compared to untrained. Kanter
et al. (25) had presented data indicated that blood and liver CAT, SOD, and GPX in 9
and 21 weeks swim-trained mice were higher than sedentary ones. Therefore, it
seemed possible that regularly performed exercise might induce an enhancement of the
enzymatic defenses against free radical damage in muscle, which could protect against
injury from repeated exercise. However, Higuchi et al. (31) reported no increase in
CAT or cytoplasmic SOD activities in 3 month treadmill-trained rats while Laughlin et
al. (26) reported that exercise training induced an increase in GPX, a decrease in CAT
and no change in SOD levels in treadmill-trained rats.

For human, studies on influence of exercise training on lipid peroxidation and
scavenging enzymes activities are more limited and findings are also contradictory.
Toskulkao et al. (32) compared the effect of endurance exercise (1 hr by using cycle-
ergometer) in sedentary, short and long distance runners. They reported that plasma
MDA, CPK, and LDH were greater in untrained group while scavenging enzyme
(SOD, CAT and GPX) activities were higher in either short or long distance runners.
Most recently, Marzatico et al. (33) determined MDA and erythrocyte scavenging
enzymes (SOD, CAT, GPX) in control subjects, marathon runners and sprint-trained

athletes found that MDA was higher in both sprint-trained athletes and marathon
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runners than in control subjects. In sprint-trained athletes, the enzymatic scavenging
capacity showed a significantly higher SOD and GPX, while CAT was lower than in
controls. In marathon runners only SOD was higher than in controls.

Up to now, it seems to be well accepted that regularly performed exercise or
exercise training have positive effects on reducing oxidative stress of exercise both in
animals and human. Its effect may involve an increase in antioxidant capacity of the
body but which of the antioxidant enzymes, SOD, CAT, or GPX or all of them are

important in scavenging ROS accompanying with exercise are still unclear.
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CHAPTER 111

MATERIALS AND METHODS

A. Subjects

Subjects were thirty-two school boy volunteers, aged between 10-14 years in
Suphanburi province. All of them had normal medical histories (examined by the
pediatrician). They were divided into 3 groups as follow.

Group 1: Sedentary or untrained group consisted of 7 boys from
Kanasutsuksalai school, Suphanburi. They all had normal physical activities and
actively involved in sports during their leisure time (1 hour/day), but none of them
were in any regular exercise training program.

Group 2: Non-weight bearing exercise trained group consisted of 10 boys
from Sports School of Suphanburi who were trained to be future swimmers.

Group 3: Weight bearing exercise trained group consisted of 15 boys from
Sports School of Suphanburi who were trained to be future football players.

The subjects in exercise trained groups (group 2 and 3) were assigned to
exercise for at least 3-4 hours per day for 5-6 days per week (or approximately 20
hours per week) in the Sports School of Suphanburi for one year.

The experimental protocols were clearly explained to the subjects (and their
parents) and written consent was obtained from each subject prior to the experiment.
The project was approved by the Committee on Human Rights Related to Human

Experimentation, Mahidol University, Bangkok.
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B. Chemicals

All chemicals and reagents used throughout the investigation were analytical
grade. Reagents for determination of MDA, CPK, SOD, CAT, and GPX were
purchased from Sigma Chemical Company, St. Louis, MO, USA. Hydrogen peroxide
(30% wi/v) and Acetic acid (100%) were purchased from Merck, Darmstadt, Germany.

Reagents for determination of LDH were purchased from Human, Taunusstein,

Germany.

C. Equipments

The following equipments were used to measure physical fitness and to
analyze blood samples.

1. Physical fitness test

Electrically braked bicycle ergometer (AR-6213, AREX, Taipei)

— Heart rate monitor (Polar sport tester, PE 3000 Haknaantic,
Finland)

— Aubratic oscillometric digital Blood pressure monitor (Model
HEM704C, Omron corporation, Tokyo, Japan)

— Grip dynamometer (Takei Co., Japan)

~ Back and leg dynamometer (Takei Co., Japan)

— Skinfold calipers (Cambridge Scientific Industries, England)

— Anthropometric set (Yamakoshi Seisakusho Co., Ltd., Tokyo,

Japan)

— Weight balance (Mikaki Scale Co., Ltd., Japan)
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— Metronome (YAMAHA MN, Nippon Gakki Co., Ltd., Tokyo,
Japan)

— Stop watch (Hanhart profile JW., German)

2. Blood analysis

— Spectrophotometer (Spectronic Genesys 5, Milton Roy Co.,
USA)

— Automatic refrigerated centrifuge (RT 6000D, Sorrval®,
California, USA)

— Radiometer (PHM 92, Radiometer Analytical S.A., France)

- — Electrical balance (Precisa 205 A SCS, Switzerland)

D. Protocol of experiment

The protocol was diyided into two parts. Part I was for the general physical
fitness testing which was normally conducted one week prior to the second part. Part
II was for the investigation of the effect of endurance exercise on markers of tissue
damage such as MDA, CPK and LDH and on scavenging enzymes such as SOD, CAT
and GPX. Each subject was requested to fill a questionnaire concerning his personal
and educational background, medical history, health status, athletic history, daily

nutrition and activity prior to the experiment.
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HibgL ywNes*
Part I: General physical fitness testing
1. Percentage of body fat and lean body mass

After measuring of body weight and body height of each subject, the
estimation of body fat percentage (%BF) and lean body mass (LBM) were done by
using skinfold caliper to measure the subcutaneous fat at 2 selected sites namely triceps
and subscapular (96). The skinfold measurements were done on the dominant side of
subject in relaxed standing position. The two selected sites were:

1. Triceps: Distance between lateral projection of acromial process
and inferior margin of olecranon process was measured on lateral aspect of arm with
elbow flexed at 90°. Midpoint was marked on lateral side of arm. Skinfold was lifted
1 cm above marked line on posterior aspect of arm.

2. Subscapular : Fold was along natural cleavage line of skin just
inferior to inferior angle of scapula, with caliper applied 1 cm below fingers.

The following skinfold equations (97) were used for the calculation of %BF.
%BF = 1.35 (sum of triceps + subscapular SKFs)

- 0.012 x (sum of triceps + subscapular SKFs)? - 3.4 (for age 6-11 yr)
%BF = 1.35 (sum of triceps + subscapular SKFs)

- 0.012 x (sum of triceps + subscapular SKFs)* — 4.4 (for age 12-14 yr)
The following equation was used to calculate lean body mass (LBM)

LBM = Body weight [1-(%BF/100)]

042932 1 1239973
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2. Muscular strength

Strength of the grip-squeezing muscles and leg and back muscles
were measured using dynamometers as hand-grip and back and leg dynamometer,
respectively (79, 90). Both dynamometers are spring devices. They operate on the
same principle of compression. An external force applied to the dynamometer
compresses a steel spring and move a pointer. Knowing the force required to move
the pointer for a particular distance, one can determine exactly how much external
force has been applied to the dynamometer.

Grip-strength testing procedures

Typically, the handgrip size was adjusted to a position that was
comfortable for the individual. The subject stood erect, arms at the sides. The
dynamometer was held parallel to the side, with the dial facing away from the body.
The individual squeezed the dynamometer as hard as possible without moving the arm.
Three trials were administered for each hand with a 1-minute rest between trials.

Leg-strength testing procedures

Using the back and leg dynamometer, the subject stood on the
platform with trunk erect. The knees were flexed to an angle of 130° to 140°. The
handbar was held using a pronated grip and was positioned across the thighs by
adjusting the length of the chain. Without using the back, the subject’s knees were
slowly but vigorously extended. The maximum indicator pointer remained at the peak

force achieved. Three trials with a 1-minute rest interval were administered.
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Back-strength testing procedures

Using the back and leg dynamometer, the subject stood on the
platform with the knees fully extended and the head and trunk erect. The handbar is
grasped using a pronated grip. The handbar was positioned across the thighs and,
without leaning backward, the subject pulled it straight upward using the back muscles.
The shoulders were rolled backward during the pull. Subjects should be reminded
prior to lifting to flex the trunk minimally and to keep the head and trunk erect during

the test. Three trials were administered with a 1-minute rest between the trials.

3. Muscular endurance

Sit-up (bent knee) was used to determine the endurance of the
abdominal muscles (90, 91).

Sit-up testing procedures

The subject was asked to assume a supine position with hands
interlocked behind the neck and feet held in place. The subject drew the back toward
the buttocks until they were flat on the floor (knees bent). The angle of legs to thighs
should be approximately 90°. Curled the back and raised the trunk until the lower back
was perpendicular to the floor then gently returned to the start position. This
procedure was repeated as many times as possible within the time limit. For this

experiment, the score was the number of sit-up completed in one minute.
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4. Flexibility
Trunk flexion (sit and reach) was used to measure the amount of
trunk flexion and the ability to stretch the back muscles and back thigh muscles
(hamstrings) (90, 91).
Trunk flexion testing procedure
The subject sat with legs fully extended and the bottom of feet flat
against a board projecting from the wall and extended arms and hands forward as far
as possible and held for a count of three. The distance (in cm) before or beyond the
edge of the board that subject could reach was measured with a ruler. Distances
before the edge (not able to reach toes) were expressed as negative scores; those

beyond the edge were expressed as positive scores.

5. Maximal oxygen uptake (\.7 O.max)

The \./OZmax value quantitatively expressed a person’s capacity for
aerobic resynthesis of ATP. It is an important information on the capacity of the long-
term energy system. The PWC test is one of the submaximal exercise tests that can be
used to predict \.’Ozmax (96). This test is either continuous or discontinuous and are
based on the assumption that heart rate and oxygen uptake are linear functions of
work. Thus, the heart rate response to submaximal work loads was used to predict
{’Ozmax in this experiment.

PWC; testing procedure
1. Allowed subject to sit on saddle of the cycle ergometer with a

suitable position. The height of the seat should be adjusted for individual subject to

allow the seat to pedal length at full stretch around 109°.
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2. Sport tester was attached to the anterior chest wall of the subject
and used to continuously monitor subject’s heart rate during exercise.

3. Subject was performed rhythmical pedaling (with the help of
metronome) at 50 rpm with an initial work load of 100 w. Three increment work
loads were selected and adjusted.

For each work load, the heart rate was recorded every minute for 6
minutes. When the heart rate at the end of the first work load was less than 120 bpm,
the second work load was increased by 50 w. Thereafter, the 25 w increment was
used until a steady heart rate was reached. In this case, testing time for that work load
should be continued to 7 or 8 minutes.

4. A steady heart rate was assumed when the difference between two
consecutive readings was less than 5 beats per minute. The values of heart rate at 5
and 6 minutes (or at the last two minutes of each work load) was used to calculate the
averaged steady heart rate. i.e., when heart rate at minute 5 and 6 were 144 and 148
bpm, respectively, the steady heart rate was 144+148 = 146 bpm.

2

5. The averages of heart rate responses to each work load were
plotted (Figure 6). A straight edge was used to connect the points and to extend the
line through the HR7 line. The amount of work corresponding to the HR;; was
recorded as the individual’s PWC,4. The correlation of PWC,7, with actual \.’Ozmax
has been reported to be 0.88 and the standard error of prediction was noted to be

+9.4%.
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Figure 6. Prediction of PWC,7 (for VO,max) from the heart rate responses to

submaximal work loads.
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Part II: Endurance exercise protocol

Each subject was requested not to perform any kind of physical exercise one
day before the day of the experiment until after the 4™ blood sample collection. They
fasted over night and rested for 15 minutes before starting the experiment. Vital signs
and body weight were recorded for resting values. At the pre-exercise period, the first
blood sample was collected from antecubital vein and kept at 4°C in a heparinized test
tube. All blood samples were collected with subjects sat in an upright position to
minimize postural effects on blood volume. Before starting the endurance exercise, the
subjects were asked to warm up by stretching the muscle for 15 minutes. Then, each
subject sat on saddle of the bicycle ergometer in comfortable position and cycling at
70% of maximum heart rate (calculate from 220-age of each subject) for 60 minutes
duration. During this endurance exercise, the heart rate was monitored by sport tester
and the work load of bicycle ergometer was adjusted to obtained the steady heart rate
at 70% HRmax of each subject. At the end of exercise, the subjects were asked not to
stop the exercise suddenly but gradually decreased intensity for cool down process.
Vital signs and body weight were recorded again after exercise. Subsequently, the
second, the third and the forth blood samples were collected at 5 minutes, 24 hours
and 48 hours after exercise, respectively. The subjects were asked not to perform any

kind of exercise until after the fourth blood sample collection.
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Protocol of the experiment
1* blood sample 2" blood sample 3" blood sample 4™ blood sample
collection collection collection collection
i | |
- not to perform “ S min 24 hr 48 hr

after exercise

after exercise after exercise

recording of vital signs and body weight after 15 minutes-rest.

- 1% blood sample collection (blood kept in heparinized tube at 4°C).

- 5 minutes-warming up (by muscle stretching).

- Starting exercise using bicycle ergometer and continue for 60 minutes.

Heart rate was monitored (using sport tester) and kept at 70% maximum

heart rate (HRmax = 220-age) by adjusting the load of the bicycle.

- recording of vital signs and body weight after 5 minutes cooling down.

- 2"blood sample collection (5 minutes after exercise).

exercise for 1 day Cycling at 70%
- fasted over HRmax for 1 hr
night
vital signs &
BW recorded
First day -
Second day -
Third day -

Blood analysis

3" blood sample collection (24 hours after exercise).

4™ blood sample collection (48 hours after exercise).

Hematocrit and hemoglobin were analyzed from whole blood by

hematology section, Department of pathology, Jaoprayayommaraj Hospital.  After

centrifugation (at 3,000 rpm for 10 minutes under 4°C) malondialdehyde (MDA),
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creatine phosphokinase (CPK) and lactate dehydrogenase (LDH) levels in plasma
were determined. Scavenging enzymes such as superoxide dismutase (SOD), catalase

(CAT) and glutathione peroxidase (GPX) in red blood cells were determined.

Whole blood —p  Hematocrit, Hemoglobin
Centrifuged at 3,000 rpm

10 minutes, 4°C

4/\

Plasma Red blood cell
l—> stored at —70°C until assay for 4—J
- Malondialdehyde (MDA) - Superoxide dismutase (SOD)
- Lactate dehydrogenase (LDH) - Catalase (CAT)
- Creatine phosphokinase (CPK) - Glutathione peroxidase (GPX)

E. Statistical analysis

All data were presented as means and standard errors of mean (SEM).
Student’s paired t-test was used to determine statistical significant difference between
pre-exercise and post exercise values at various time intervals and also between the
values at the beginning and at the end of one year in the same group of subjects. For
comparison among groups, one way analysis of variance (one-way ANOVA) was used
and the differences in pairs of means among groups were made by Student-Newman-
Keuls test (SNK). If the statistical probability (p-value) was less than 0.05, the

differences were considered to be statistical significant.



Daroonwan Chakraphan Results / 42

CHAPTER 1V

RESULTS

1. Comparisons of general and physical fitness data among three groups of
subjects at the beginning (month 0) of the experiment.
1.1 Age and anthropometric data

Age and anthropometric data in untrained (sedentary) and trained
(swim and football) groups at the beginning (month 0) of the experiment were shown
in Table 2. The average age of sedentary, swim, and football subjects were 12.6+0.2,
11.6+0.4, and 12.340.3 yr, respectively. The three groups had the averaged body
weight of 42.2+4.2, 42.6+3.5, and 38.44+2.2 kg and the averaged body height of
156.5+3.1, 152.6+4.6, and 147.6+2.5 cm, respectively. There were no significant
differences in the average age, body weight and body height among three groups of
subjects. Lean body mass of these three groups of subjects were also relatively the
same. They were 37.2+2.4, 37.143.3, and 33.3+1.8 kg in sedentary, swim-trained and
football-trained subjects, respectively. However, the percent body fat of both swim-
trained (13.2+12.6%) and football-trained (12.6+1.3%) subjects were significantly

lower (p < 0.05) than that of the sedentary subjects (18.4+2.7%).

1.2 Physical fitness data

Physical fitness data including muscular strength, flexibility and

predicted VO,max of the subjects in all three groups were shown in Table 3.
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Table 2. Age and anthropometric data in untrained (sedentary) and trained (swim

and football) subjects at the beginning (month 0) of the experiment.

Parameter Sedentary Swim Football
(n=7) (n=10) (n=15)
Age (yr) 130+ 0.3 122 + 04 120 + 0.3
Body weight (kg) 422 + 4.2 42.6 + 3.5 384 + 2.2
Body height (cm) 156.5 + 3.1 152.6 + 4.6 147.7 + 2.5
Lean body mass (kg) 372+ 24 37.1+ 3.3 333+ 1.8
Body fat (%) 184 + 2.7 13.3 + 2.6* 12.6 + 1.3*

Values are means+SEM.

*p < 0.05 Significant difference from sedentary subjects.
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Table 3. Physical fitness data in untrained (sedentary) and trained (swim and

football) subjects at the beginning (month 0) of the experiment.

Parameter Sedentary Swim Football
(n=7) (n=10) (n=15)

Right handgrip strength (kg/kgBW. 0.6 + 0.0 0.6 + 0.0 0.5+ 0.0

Left handgrip strength(kg/kgBW) 0.5 + 0.0 0.6 + 0.0 0.5+ 0.0

Leg strength (kg/kgBW) 19+03 22+ 0.2 20+ 0.1
Back strength (kg/kgBW) | 14 + 0.1 1.8 + 0.1* 1.8+ 0.1*
Trunk flexion (cm) 123+ 1.2 119+ 15 8.7+ 1.2
Sit up (time/min) 179+ 14 248 + 1.9%* 219+ 1.1

PWC, 5, (watt/kg BW) 2.3+ 0.1 4.0 + 0.2%%% 3.8 4 (.2%**

Values are means+SEM.

*p < 0.05,**p < 0.01,***p < 0.001 Significant differences from sedentary subjects.
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Right and left handgrip strength

Right handgrip strengths of sedentary, swim, and football subjects were
0.6+0.01, 0.6+0.0, and 0.5+0.0 kg/kgBW, and their left handgrip strengths were
0.540.0, 0.6+0.0, and 0.5+0.0 kg/kgBW, respectively. No significant differences were
found among three groups of subjects in right and left handgrip strengths.
Leg strength and back strength

Leg strengths of sedentary (1.940.3 kg/kgBW), swim (2.24+0.2 kg/kgBW) and
football (2.0+0.1 kg/kgBW) subjects were not significantly different from each other.
Back strength of the sedentary subjects was 1.440.1 kg/kgBW. This value was
significantly lower than those of the swim and football subjects (1.8+0.1 and 1.8+0.1
kg/kg BW) with the p-value less than 0.05.
Trunk flexion

Trunk flexions of sedentary, swim, and football subjects were 12.3+1.2,

11.9+1.5, and 8.7+1.2 cm, respectively. No significant differences were found among

them.
Sit up

The maximum numbers of sit up in swim (24.8+1.9 times/min) and football
(21.941.1 times/min) subjects were found to be significantly higher (p < 0.01 and p <
0.05, respectively) than in sedentary subjects (17.7+1.4 times/min).
PWCi7

PWCiz (which is used as an indicator for aerobic capacity) in swim and
football subjects (4.0+0.2, 3.840.2) were found to be significantly higher (p < 0.001)

than in sedentary subjects (2.3+0.1 watt/kgBW).
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However, there were no significant differences between swim and football

subjects in all physical fitness parameters measured.

1.3 Hematological features and vital signs.

Table 4 shows hematological parameters [hemoglobin concentration
(Hb) and hematocrit (Hct)] and vital signs [heart rate (HR), blood pressure (BP), and
body temperature] of the subjects in all 3 groups. The concentrations of Hb and Hct in
sedentary subjects were 13.7+03 g/dl and 39.1+0.8%, in swim subjects were 13.5+0.3
g/dl and 40.8407% and in football subjects were 13.440.2 g/dl and 40.6+0.6%,
respectively. There were no significant differences in Hb concentration and Hct among
three groups of subjects.

Heart rates of the sedentary, swim, and football subjects were found
to be in normal ranges of 79.6+3.5, 81.442.3, and 80.64+2.9 beat/min whereas body
temperature, measured orally, were 36.7+0.2, 3_6.51-0.1 and 36.8+0.1°C, respectively.
Diastolic blood pressures were 69.144.9 mmHg in sedentary, 62.0+2.0 mmHg in swim
and 62.0+1.1 mmHg in football subjects. There were no significant differences among
three groups in these parameters. However, significant difference was demonstrated in
systolic blood pressure. Swim and football subjects had the systolic blood pressure of
101.0+1.6 and 96.0+1.6 mmHg, respectively, which were both significantly lower (p <

0.01) than 110.6+3.1 mmHg of sedentary subjects.
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Table 4. Hematocrit, hemoglobin and vital signs at rest in untrained (sedentary)
and trained (swim and football) subjects at the beginning (month Q) of

the experiment.

Parameter Sedentary Swim Football
(n=7) (n=10) (n=15)

Hematocrit (%) 39.1 + 0.8 40.8 + 0.7 40.6 + 0.8
Hemoglobin (g/dl) 13.7+ 0.3 135+ 03 134+ 02
Heart rate (beat/min) 79.6 + 3.5 814 + 23 80.6 + 2.9
Blood pressure (mmHg)

- systolic 110.6 + 3.1 101.0 + 1.6%*  96.0 + 1.6%**

- diastolic 69.1 + 49 620+ 2.0 62.0 + 1.1
Body temperature (°c) 36.7+ 0.2 36.5 + 0.1 36.8 + 0.1

Values are means+SEM.

**p <0.01,***p <0.001 Significant differences from sedentary subjects.
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2. Comparisons of biochemical data among three groups of subjects, at the
beginning (month 0) of the experiment (Table 5).
2.1 Lipid peroxidation product (plasma MDA level)

Resting plasma MDA level was 1.3840.04 nmole/ml in sedentary
subjects, while they were 1.85+0.16 nmole/ml in swim subjects and 2.38+0.19
nmole/ml in football subjects. The value of the sedentary group was found to be
significantly lower than those of the swim and football groups with the P-values less

than 0.05 and 0.001, respectively.

2.2 Index for muscle damage (plasma CPK and LDH)

Plasma LbH level at rest of the sedentary group (156.29+12.31 U/L)
was significantly lower (p < 0.01) than those of the swim (251.37+14.01 U/L) and
football (215+11.13 U/L) groups. There were no significant differences in resting
plasma CPK activities among sedentary, swim and football subjects (70.39+13.33,

66.51+8.39 and 79.64+10.20 U/L, respectively).

2.3 Scavenging enzymes activities in red blood cells (SOD, CAT and
GPX)

Resting SOD activities in sedentary, swim and football subjects were
3.21+0.02, 3.0940.11 and 2.85+0.12 (x 10°) U/gHb. CAT activities of these subjects
were 5.11+0.35, 4.83+0.23 and 4.93+0.20 (x 10‘?) U/gHb and GPX activities were
281.28+425.41, 290.16+16.95 and 311.96+21.99 U/gHb, respectively. There were no
significant differences found in these resting antioxidant enzymes activities in all three

groups of subjects.
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Table 5. Plasma malondialdehyde (MDA), creatine phosphokinase (CPK), lactate

dehydrogenase (LDH) and erythrocyte scavenging enzymes (SOD, CAT

and GPX) at rest in untrained (sedentary) and trained (swim and football)

subjects at the begining (month 0) of the experiment.

Parameter Sedentary Swim Football
(n=7) (n = 10) (n=15)
MDA (nmole/ml) 1.38 + 0.04 1.85 + 0.16* 2.38 + 0.19***
CPK (U/L) 70.39 + 13.33 66.51 + 8.39 79.64 + 10.20
LDH (U/L) 156.29 + 12.31  251.37 + 14.01***  215.72 + 11.13**
SOD (x103U/gHB) 3.21 + 0.02 3.09 + 0.11 - 2.85 + 0.12
CAT (x10°U/gHB)  5.11 + 0.35 4.83 + 0.23 4.93 + 0.20
GPX (U/gHB) 281.28 + 2541  290.16 + 16.95 311.96 + 21.99

Values are means+SEM.

*p < 0.05,%*p < 0.01, ***p < 0.001 Significant differences from sedentary subjects.
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It can be noticed that, subjects of all 3 groups were in the same ranges of age,
weight, and height. Their general physical fitness parameters measured were relatively
at the same levels except that percentage of fat, numbers of maximum sit up, back
strengths and PWC,4, of the swim and football subjects were significantly higher than
those of the sedentary. These results indicated that the swim and football subjects had
somewhat greater physical fitness than the sedentary subjects from the beginning
(month 0) of the experiment. It was also found that though the scavenging enzyme
activities in the red blood cells and the plasma CPK of all 3 groups of subjects were
relatively the same, but the swim and the football subjects had the higher plasma MDA
and LDH levels than the sedentary subjects at the beginning (month 0) of the

experiment.

3. Effects of endurance exercise on lipid peroxidation preduct, index of muscle
damage and scavenging enzymes at the beginning (month 0) of the experiment.

Lipid peroxidation and muscle damage induced by 60 minutes endurance
exercise in this study were determined by using plasma MDA, CPK, and LDH as
indicators. The effects of 1hr-endurance exercise on these indicators were shown in
Table 6 and Figure 7-9.

Malondialdehyde (MDA)

Plasma malondialdehyde (MDA) levels in untrained (sedentary) and trained
(swim and football) subjects before and at various time intervals after 1 hr endurance
exercise at the beginning (month 0) of the experiment were shown in Table 6 and

Figure 7. Acute endurance exercise by 60 minutes cycling at 70% of maximum heart



M.Sc.(Physiology of Exercise) / 51

Fac. of Grad. Studies, Mahidol Univ.

*981019%9-21d WOy $30UAIIP Wedy IS 1000 > d,, 100> d, ‘500> d,
*5103[qns AIeIuspas Woly seouAIdYJIp edySIS 10070 > Juxs'10°0 > dix'S0'0 > dx

‘NI SFSUBoW aI8 SONeA

1991 F 65°LZC  8C 11 F 16117 6€+T F ¥T'€€T 6TTI +88'L6 SLOT F €918 99T F9v'S9  8I0F G81  #T0F TL'T LOOF €51 1 8y
] ]

8Y'9T F IL'0ET  6L01 F SS'EIT +SLI F 19061 9SEL FoLv6 €T 11 F6r'6L 8L8L F6£9L 8TOFOVT  810F 06T 800 F 991 4 vz
] ] ]
#+0071 F OI'PZC  #+0S'L F 69°90C 10°0T F $1'8Y1 OV'E1 F0T'88 TSOI FLEY9 YLIL F LYEL 5xx1T0 F $6'T xxx610 F 79T €10 F 691 utw ¢
n m n ) 9S1019%3-1504

wxEUTT F TLSTT »axl0P1 F LETIST 1€TI F 6T9ST 001 F¥96L 6€8 F IS99 EEEL F 6E°0L #xx61'0 F 8E€'T  +91°0F S8'T $0°0 + 8€'1  951019%9-31

S1=u o1=u L= c1=u o1=u (L=u) (s1=u) 01=u (L=u
Teqio0q wims Arejuapos 1reqiood wims Arejuapsg 11eqiooq wimg Krejuspag awiy,
("1/N) ANANOE 9SBUABOIPAUSD 2)8108] (/n) Ananoe aseunjoydsoyd sunear) (Juiyorowu) SpAySpRIPUOIRIA

quawnadxe oY) Jo ( Yuour) Sutuurdsq oY) 18 9S[O19Xd SOULINPUS INOY SUO I9)JE S[BAISIUL SUIT) SNOLIBA 18 PUB 910Jaq $109{qns (][eq100]

puE WIMS) pauren pue (K1ejuspas) paurenun ul (H]) oseuaSorpAysp syeioe] pue (3dD) oseunjoydsoyd suneaio ‘(v IN) SpAyapleIpuojewt ewseld 9 o[qe]



Daroonwan Chakraphan Results / 52

O pre exercise

5p B 5 min after exercise
124 hr after exercise
[A48 hr after exercise
4 bk
~ ttt
§ 3 " *it* *-F*
g T _t *kk ]
=:b ; =
t
8l (e | 2
/ 7 7
0 7 2 | Sl
Sedentary Swim Football

Figure 7. Plasma malondialdehyde ( MDA ) levels in untrained ( sedentary )
and trained (swim and football) subjects before and at various time
intervals after one hour endurance execise at the beginning (month 0)
of the experiment. Values are means+SEM.
*p < 0.05, ¥***p < 0.001 Significant differences from sedentary at the
same time intervals.

tp < 0.05, ttp < 0.01, tttp < 0.001 Significant differences from
pre-exercise of the same group.
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Figure 8. Plasma creatine phosphokinase (CPK) activities in untrained
(sedentary) and trained (swim and football) subjects before and at
various time intervals after one hour endurance exercise at the
beginning (month0) of the experiment.Values are means+SEM.
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Plasma lactate dehydrogenase (LDH) activities in untrained
(sedentary) and trained (swim and football) subjects before and at
various time intervals after one hour endurance exercise at the
beginning (month0) of the experiment. Values are means+SEM.

**p < 0.01, ***p < 0.001 Significant differences from sedentary at
the same time intervals.

tp < 0.05, ttp < 0.01 Significant differences from pre-exercise of the
same group.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) / 55

rate caused significant increases in plasma MDA in all three groups of subjects at 5
minutes after exercise when compared to pre-exercise values. In sedentary subjects,
the pre-exercise value was 1.38+0.04 nmole/ml while the values at 5 min, 24 hr and 48
hr after exercise were 1.69+0.13, 1.66+0.08 and 1.53+0.07 nmole/ml, respectively.
All the post-exercise values were significantly higher than the pre-exercise value at p
<0.05. MDA levels in swim subjects at 5 min and 24 hr after exercise were 2.62+0.19
and 2.30+0.18 nmole/ml which were higher than the pre-exercise value of 1.85+0.16
nmole/ml p<0.001 and p<0.05, respectively. At 48 hr after exercise the MDA level in
swim subjects was not significantly different from the pre-exercise one. In football
subjects, MDA levels was significantly increased from the pre-exercise value of
2.3840.19 to 2.94+0.21 nmole/ml (p < 0.001) at 5 min after exercise. At 24 hr after
exercise the value (2.46+0.28 nmole/ml) was not different from the pre-exercise one.
At 48 hr, MDA level in football subjects was significantly decreased to 1.85+0.18
nmole/ml (p < 0.05). Comparing among groups at the same time intervals, pre-
exercise lipid peroxide levels in swim and football subjects were significantly higher
than in sedentary subjects. At 5 min after exercise, MDA levels in swim and in football
subjects were still significantly higher than in sedentary subjects. However, there were
no significant differences among three groups at 24 hr and 48 hr after exercise.

3.2 Creatine phosphokinase (CPK) and lactate dehydrogenase (LDH)

Table 6 and Figure 8 show plasma creatine phosphokinase activities in
untrained (sedentary) and trained (swim and football) subjects before and at various

time intervals after 1 hr of endurance exercise at the beginning (month 0) of the
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experiment. There were no significant increases in plasma CPK activities in any group
of subjects at 5 min, 24 hr and 48 hr after exercise comparing with pre-exercise levels.
Furthermore, when compared at the same time intervals both before and after 1 hr-
endurance exercise, there were also no significant differences in CPK activities among
three groups of subjects.

Table 6 and Figure 9 showed plasma lactate dehydrogenase activities in
untrained (sedentary) and trained (swim and football) subjects before and at various
time intervals after 1 hr of endurance exercise at the beginning (month 0) of the
experiment. There were no significant differences in plasma LDH levels before and at
various time intervals after exercise in both sedentary and football subjects. In swim
subjects, LDH activities at 5 min, 24 hr and 48 hr after exercise were all significantly
lower than the pre-exercise one. When compared among three groups of subjects at
various time intervals it was found that swim and football subjects had higher LDH
activities than sedentary subjects both before and at 5 min after exercise.

3.3 Antioxidant enzyme activities in red blood cells.

Superoxide dismutase (SOD)

Superoxide dismutase activities in untrained (sedentary) and trained
(swim and football) subjects before and at various time intervals after 1 hr-endurance
exercise at the beginning (month 0) of the experiment were shown in Table 7 and
Figure 10. SOD activities of sedentary subjects at pre-exercise, 5 min and 24 hr after
exercise were not significantly different from each other. Only at 48 hr after exercise
that SOD activity was significantly increased when compared with pre-exercise value.

- No significant differences in SOD activities were found in both swim and football
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Figure 10. Superoxide dismutase (SOD) activities in untrained ( sedentary ) and
trained (swim and football) subjects before and at various time
intervals after one hour endurance exercise at the beginning
(monthO) of the experiment. Values are means+SEM.

*p < 0.05, **p < 0.01 Significant differences from sedentary at the
same time intervals.

'p < 0.05 Significant difference from pre-exercise of the same group.
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subjects before and at various time intervals after exercise. Comparisons among three
groups of subjects at the same time intervals showed that at 5 min after exercise SOD
activity in football subjects was significantly less than in sedentary subjects and at 48 hr
after exercise, SOD activities of both swim and football subjects were significantly less
than those of sedentary subjects. There were no significant differences in SOD
activities among three groups at pre-exercise and at 24 hr after exercise.

Catalase (CAT)

Catalase activities in untrained (sedentary) and trained (swim and
football) subjects before and at various time intervals after 1 hr-endurance exercise at
the beginning (month 0) of the experiment were shown in Table 7 and Figure 11. It
was found that 1 hr-endurance exercise didn’t cause a significant change 1n catalase
activities in any group of subjects. And there were also no significant differences in the
values of CAT activities among three groups of subjects both before and at 5 min, 24
hr and 48 hr after exercise.

Glutathione peroxidase (GPX)

Glutathione peroxidase activities in untrained (sedentary) and trained
(swim and football) subjects before and at various time intervals after 1 hr-endurance
exercise at the beginning (0 month) of the experiment were shown in Table 7 and
Figure 12. After endurance exercise, GPX activities in football subjects were
significantly increased at 5 min, 24 hr and 48 hr from pre-exercise level. There were
no significant differences between GPX activities of pre and post exercise in sedentary
and swim subjects. Comparisons among groups at the same tiﬁle interval also showed

no significant differences in GPX activities both before and after exercise.
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Figure 11.Catalase ( CAT ) activities in untrained ( sedentary ) and trained
(swim and football) subjects before and at various time intervals
after one hour endurance exercise at the beginning (month0) of the
experiment. Values are means+SEM.
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Glutathione peroxidase (GPX) activities in untrained (sedentary) and
trained (swim and football) subjects before and at various time
intervals after one hour endurance exercise at the beginning (monthO)
of the experiment. Values are means+SEM.

*p < 0.05 Significant difference from sedentary at the same time
intervals.

'p < 0.05 Significant difference from pre-exercise of the same group.
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In conclusion, at the beginning or month O of experiment, after 1 hr-endurance
exercise by cycling at 70% HRmax, MDA which was used as an indicator for lipid
peroxidation, increased in all 3 groups of subjects. CPK was unchanged in all 3
groups. LDH was also unchanged in sedentary and football groups but decreased in
swim group after exercise. For scavenging enzymes activities, SOD was found to
be increased at 48 hr after exercise only in sedentary subjects. CAT was unchanged in

all 3 groups while GPX increased significantly in football group after exercise.

4. Comparisons of general and physical fitness data among three groups of
subjects at the end (month 12) of the experiment.
4.1 Anthropometric data

Anthropometric data in untrained (sedentary) and trained (swim and
football) groups at the beginning (month 0) and at the end (month 12) of the
experiment were shown in Table 8. There were still no statistical significant
differences in age, body weight, body height and lean body mass among three groups
of subjects after 1 year. However, the percent body fat of both swim (13.0+0.6%) and
football (13.64+0.9%) subjects were significantly lower than that of sedentary subjects
(19.4+2.8%). When compared within each group, it was found that the percent body
fat were not changed while body weight and lean body mass were significantly

increased in all 3 groups of subjects at the end of one year.

4.2 Physical fitness data
Physical fitness data in untrained (sedentary) and trained (swim and

football) groups at the beginning (month 0) and at the end (month 12) of the
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experiment were shown in Table 9. There were no significant differences in right
handgrip, left handgrip, leg strength and trunk flexion among 3 groups of subjects at
the end of one year. However, back strength, number of sit up, and PWC,;, in both
swim and football trained groups were significantly higher than in the sedentary group
at the end of the experiment. When compared within each group, it was found that
football subjects, after one year training, had significantly higher right and left handgrip
strength, leg strength, back strength, trunk flexion, number of sit up, and PWC;4
(from 3.9 to 5.2 watt/kgBW, p<0.001). Swim subjects had higher back strength, trunk
flexion, number of sit up, and PWC,;5 (from 4.2 to 5.8 watt/kgBW, p<0.01) while
sedentary subjects had only increase in left handgrip strength and PWC,, (from 2.3 to

3.4 watt/kgBW, p<0.01).

4.3 Hematological features and vital signs.

Table 10 shows hematological features [hemoglobin concentration
(Hb) and hematocrit (Hct)] and vital signs [heart rate (HR), blood pressure (BP), and
body temperature] of the subjects in all three groups at the beginning (month 0) and at
the end (month 12) of the experiment. There were no significant differences in Hb
concentration and Hct among three groups of subjects. But when compared within
each group between before and after one year, only sedentary subjects showed
significant increased in Hct from 39.5 to 43.1% at p<0.01. After one year training,
heart rate of swim (62.8+2.4 beat/min) and football (62.7+2.3 beat/min) subjects were
dramatically and significantly lower (p<0.001) than that of sedentary subjects

(78.0+2.1 beat/min) at the end of one year. It was also found that one year training
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resulted in the great reduction of heart rates from 80.0 to 62.8 beat/min (p<0.01) and
from 85.5 to 62.7 beat/min (p<0.001), in swim and football subjects, respectively.

For systolic/diastolic blood pressures and body temperatures, there were no
significant differences in these parameters among three groups of subjects at the end of

the experiment.

5. Comparisons of biochemical data among three groups of subjects, at the end
(month 12) of the experiment.

Resting malondialdehyde (MDA), creatine phosphokinase (CPK),
lactate dehydrogenase (LDH) and scavenging enzymes (SOD, CAT, and GPX) in
untrained (sedentary) and trained (swim and football) groups at the beginning (month
0) and at the end (month 12) of the experiment were shown in Table 11, Figure 13-14.

5.1 Lipid peroxidation product (plasma MDA level)

At the end of the experiment (month 12), resting plasma MDA level
was 2.054+0.16 nmole/ml in sedentary subjects, 2.37+0.21 nmole/ml in swim subjects
and 2.63+0.26 nmole/ml in football subjects. There were no significant differences in
MDA levels among three groups of subjects. When compared within each group
between MDA levels at the beginning and at the end of one year, only sedentary
subjects showed significant increase (p<0.01) in MDA while there were no changes in

resting MDA levels in swim and football subjects after one year training (Figure 13a).
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Figure 13.Changes in a. resting plasma malondialdehyde (MDA) levels, b.
resting plasma creatine phosphokinase (CPK) activities and c. resting
plasma lactate dehydrogenase (LDH) activities in untrained
(sedentary) and trained (swim and football) subjects at the beginning
(month 0) and the end (month.12) of the experiment.Values are
means+SEM.

*p < 0.05, **p < 0.01, ***p <0.001 Significant differences from
sedentary.

fp < 0.05, ffp <0.01 Significant differences from the beginning
(month 0) of the experiment.
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Figure 14.Changes in a. resting superoxide dismutase (SOD) activities, b.
resting catalase (CAT) activities and c. resting glutathione
peroxidase (GPX) activities in untrained (sedentary) and trained
(swim and football) subjects at the beginning (month 0) and the end
(month 12) of the experiment .Values are means+SEM.

*p < 0.05 Significant difference from sedentary.
fp < 0.05, ffp <0.01, fffp < 0.001. Significant differences from the
beginning (month 0) of the experiment.
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5.2 Index for muscle damage (plasma CPK and LDH)

For resting plasma CPK levels, there were also no significant
differences among three groups of subjects after one year. When compared within
each group, CPK activities after one year were not significantly changed from the
beginning, though tendency to be increased were shown in all three groups (Figure
13b).

Plasma LDH activities at rest of sedentary, swim, and football
subjects at the end of one year were not significantly different érom each other.
However, significant increases were shown in LDH levels at the end of one year in
sedentary and football subjects when compared with the corresponding values at the

beginning of the experiment (Figure 13c).

5.3 Scavenging enzymes activities in red blood cells (SOD, CAT, and GPX)

Resting SOD activities in sedentary, swim and football subjects at the
end (month 12) of the experiment were not significantly different from each other.
When compared between the values at month 12 and month O of the experiment, there
were no significant changes in resting SOD in sedentary and swim subjects, but there
was a significant increase in SOD level in football subjects from 2.83+0.12 x10® U/gHb
at month 0 to 3.544+0.17x10° U/gHb at month 12 with p<0.01 (Figure 14a).

Resting CAT activities were also not significantly different among
three groups of subjects at the end of one year. But CAT activities at month 12 of the

experiment in sedentary and football subjects were found to be significantly lower than
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the values at month 0 with p<0.05 and p<0.001, respectively. However, no reduction
in CAT activity was found in swim subjects after one year training (Figure 14b).
Resting GPX activities were also found to be relatively comparable in
sedentary and trained (swim and football) subjects at month 12 of the experiment.
When compared within each group, they were significantly increased from
282.32+30.04 to 446.85+44.92 U/gHb (p<0.01) in sedentary subjects and from
296.14+21.13 to 433.35+27.23 U/gHb (p<0.001) in football subjects but only showed

tendency to increase without statistical significance in swim subjects (Figure 14c).

6. Effects of endurance exercise on lipid peroxidation product, index of muscle
damage and scavenging enzymes at the end (month 12) of the experiment.
6.1 Malondialdehyde (plasma MDA levels)

Malondialdehyde (MDA) levels in untrained (sedentary) and trained
(swim and football) subjects before and at various time intervals after endurance
exercise at the beginning (month 0) and at the end (month 12) of the experiment are
shown in Table 12 and Figure 15.

After one year time for sedentary subjects and after one year training
for swim and football subjects, 1 hr of endurance exercise by cycling at 70% HRmax
caused a significant increase in plasma MDA level only in the sedentary subjects.
About 40% increase in plasma MDA level (From 2.05+0.16 to 2.86+0.17 nmole/ml, p
<0.01) was found at 5 minutes after exercise. At 24 hr and 48 hr after exercise,
though plasma MDA of the sedentary subjects were still at the high levels of 2.51+0.3
and 2.7640.34 nmole/ml, respectively, but when compared with the pre-exercise value

of 2.05+0.16 nmole/ml, no statistical significant differences were found. for the trained
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Figure 15. Plasma malondialdehyde ( MDA ) levels in untrained ( sedentary )
and trained (swim and football) subjects before and at various time
intervals after one hour endurance exercise at the end of one year
(month12) of the experiment. Values are means+SEM.

ttp < 0.01 Significant difference from pre-exercise of the same group.
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subjects, there were no significant increases in plasma MDA levels after the same load
of endurance exercise in both swim and football groups. When compared within the
~ same group of subjects between the corresponding values at the beginning and at the
end of one year., there were increases in MDA levels in sedentary subjects both before
and after exercise at every time intervals measured. For swim and football groups,
MDA levels after one year training (both before and after lhr-endurance exercise)
were quite comparable with those of the corresponding values at the beginning of the |
experiment except in football subjects at 48 hr after exercise that MDA level at month

12 was higher than at month 0 at p<0.05.

6.2 Index of muscle damage (CPK and LDH)

Creatine phosphokinase (CPK)

Plasma creatine phosphokinase (CPK) activities in untrained
(sedentary) and trained (swim and football) subjects before and at various time
intervals after one hour endurance exercise at the beginning (month 0) and at the end
(month 12) of the experiment were shown in Table 13 and Figure 16. It was found
that the endurance exercise caused no increase in plasma CPK activity in all three
groups of subjects at 5 min, 24 hr, and 48 hr after exercise. In sedentary subjects,
CPK activities were 111.42+22.90, 118.93+18.71, 95.33+13.82 and 112.10+32.48
U/L before and at 5 min, 24 hr, and 48 hr after exercise, respectively.

CPK activity were 101.514+21.61, 113.204+27.53, 96.05+17.63 and
103.82+13.85 U/L in swim subjects and 92.10+21.47, 96.74+21.92, 70.65+12.10 and
71.79413.04 U/L in football subject before and at 5 min, 24 hr, and 48 hr after

exercise, respectively. When compared the values of CPK levels at the beginning
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Figure 16. Plasma creatine phosphokinase (CPK) activities in untrained
(sedentary) and trained (swim and football) subjects before and at
various time intervals after one hour endurance exercise at the end of
one year ( month12 ) of the experiment. Values are means+SEM.

tp < 0.05 Significant difference from pre-exercise of the same group.
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(month 0) of the experiment with the corresponding values at the end (month 12) of
the experiment, the results showed that there were trends for CPK levels to increase
with one year-time in every groups of subjects at almost every time intervals but no
statistical significance was found.

Lactate dehydrogenase (LDH)

Table 14 and figure 17 show plasma LDH activities in untrained
(sedentary) and trained (swim and football) subjects before and at various time in
tervals after exercise at the beginning (month 0) and at the end (month 12) of the
experiment. In sedentary subjects, plasma LDH activity was significantly increased
from resting level of 208.59+9.93 U/L to 228.88+13.453 U/L (p<0.05) and 222.80
+10.68 U/L (p<0.01) at 5 min and 48 hr after 1 hr-endurance exercise, respectively.
There was no significant difference between pre-exercise and 24 hr after exercise in
sedentary subjects. In swim subjects, LDH activity were 242.60+13.52, 223.38+14.82
and 250.25+27.18 U/L at 5 min, 24 hr and 48 hr after exerise, respectively. There
were no significant differences between these post-exercise values and the pre-exercise
value of 244.36+16.16 U/L. In football subjects there were significant decreases in
LDH levels at 24 hr (210.79+12.03 U/L) and 48 hr (220.01+11.43 U/L) after 1 hr-

endurance exercise when compared with the resting level of 243.51+14.22 U/L.

6.3 Scavenging enzymes activities in red blood cells.
Superoxide dismutase (SOD)
Superoxide dismutase (SOD) activities in untrained (sedentary) and

trained (swim and football) subjects before and at various time intervals after 1 hr-
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Figure 17. Plasma lactate dehydrogenase ( LDH ) activities in untrained
(sedentary) and trained ( swim and football ) subjects before and at
various time intervals after one hour endurance exercise at the end
of one year (month12) of the experiment. Values are means+SEM.

tp < 0.05, ttp < 0.01 Significant differences from pre-exercise of the
same group.
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Figure 18. Superoxide dismutase (SOD) activities in untrained (sedentary) and
trained(swim and football) subjects before and at various time intervals
after one hour endurance exercise at the end of one year (month12) of
the experiment. Values are means+SEM.

tp<0.05 Significant difference from pre-exercise of the same group.
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endurance exercise at the beginning (month 0) and at the end (month 12) of the
experiment were shown in Table 15 and Figure 18.

In sedentary subjects, SOD activity before endurance exercise was
3.53+0.20 (x103) U/gHD and after exercise at 5 min, 24 hr and 48 hr were 3.46+0.17,
3.48+0.20 and 3.55+0.28 (x10%) U/gHb, respectively. There were no significant
differences found among these values. In swim subjects, they were 3.50+0.21,
3.39+0.23, 3.63+0.31 and 3.7140.31 at rest, 5 min, 24 hr, and 48 hr after exercise,
respectively. There were also no significant differences between pre-exercise and post-
exercise values of SOD in swim group. The significant increases in SOD scavenging
enzyme activities after 1hr-endurance exercise were found only in football subjects at
24 hr (3.81+0.12 (x10°) U/gHb) and 48 hr (3.89+0.18 (x103) U/gHDb) after exercise
when compared with the pre-exercise value of 3.54+0.17 (x10%) U/gHb. No
significant differences in SOD activities at the same time intervals were found among

three groups of subjects both before and after exercise.

Catalase (CAT)

Catalase (CAT) activities in untrained (sedentary) and trained (Swim
and Football) subjects before and at various time intervals after one hour endurance
exercise at the beginning (month 0) and at the end (month 12) of the experiment were
shown in Table 16 and Figure 19. In sedentary subjects, CAT activities at 5 min, 24
hr, and 48 hr after exercise were 4.05+0.32, 4.02+0.26 and 3.19+0.18 (x10%) U/gHB,

respectively. They were not significantly different from the resting value of 3.66+0.09

(x10*) U/gHb.
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Figure 19. Catalase ( CAT ) activities in untrained ( sedentary ) and trained
(swim and football) subjects before and at various time intervals after
one hour endurance exercise at the end of one year ( month12 ) of the
experiment. Values are means+SEM.
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CAT activities in the trained subjects after 1 hr-endurance exercise
were found to be in the ranges of 3.70-3.89x10* U/gHb in football group and 3.92-
4.32 x10* U/gHDb in swim group which were considered not significantly different from
their own pre-exercise values and also not significant different from the corresponding
values of the sedentary subjects.

Glutathione peroxidase (GPX)

Glutathione peroxidase (GPX) activities in untrained (sedentary) and
trained (swim and football) subjects before and at various time intervals after one hour
endurance exercise at the beginning (month 0) and at the end (month 12) of the
experiment were shown in Table 17 and Figure 20.

There were significant increases in GPX activities after one hour
endurance exercise in all 3 groups of subjects. In sedentary subjects, they increased
from the resting value of 446.85+44.92 U/gHb to 501.99+46.14 and 491.96+44.67
U/gHb at swim, and 48 hr after exercise, respectively. In swim subjects, GPX activity
increased from 356.73+19.52 at rest to 390.10+26.56 at 5 min after exercise. In
football subjects, it increased from 433.35+27.23 to 467.25+28.19 at 24 hr after
exercise. When compared between the values at month 12 and month 0, it was found
that GPX activities increased significantly in every groups at almost every time

intervals both before and after 1 hr-endurance exercise.

7. Changes in some resting parameters with age in sedentary group.
When compared the data of the sedentary subjects at the end (month 12) with
those at the beginning (month 0) of the experiment, changes in some resting

parameters with one year increase of age were found. The data were recruited from
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Figure 20. Glutathione peroxidase (GPX) activities in untrained(sedentary) and
trained (swim and football) subjects before and at various time
intervals after one hour endurance exercise at the end of one year
(month12) of the experiment. Values are means+SEM.

*p < 0.05 Significant difference from sedentary at the same time
intervals.

tp < 0.05 Significant difference from pre-exercise of the same group.
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Table 18. Changes in some resting parameters with age in sedentary group.

Parameter Sedentary (n = 6)
month 0 month 12
fff
Body weight (kg) 490 + 3.8 54.0 + 3.8
fff
Lean body mass (kg) 30.1 + 1.6 430+ 1.6
f
Left handgrip strength (kg/kgBW) 0.5+ 00 0.6 + 0.0
ff
PWC,;0 (watt/kgBW) 23+ 0.1 34+ 02
ff
Hct (%) 39.5 + 0.8 43.1 + 1.2
ff
Resting MDA (nmole/ml) 1.36 + 0.05 2.05 + 0.16
f
Resting LDH (U/L) 151.05 + 13.18 208.59 + 9.93
f
Resting CAT (x10* U/gHb) 5.14 + 0.41 3.66 + 0.09
ff
Resting GPX (U/gHb) 282.32 + 30.04 446.85 + 44.92

Values are means+SEM.

tp <0.05 < 0.01, ™ < 0.001 Significant differences from the beginning
p p P g

(month 0) of the experiment.
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Table 8-11 compared, and presented in Table 18. Besides the expected increase in
body height, body weight and lean body mass with one year time, the sedentary
subjects also showed the significant increase in PWC,7o from 2.32 to 2.38 watt/kgBW
(p<0.05), hematocrit from 39 to 43% (p<0.05), resting MDA from 1.38 to 2.05
nmole/ml (p<0.05), resting LDH from 136.29 to 208.59 U/L (p<0.01) and changes in
the activities of some scavenging enzymes measured. Resting CAT activities was
found to decrease significantly from 5.11+0.35 (x10*) U/gHD at the beginning (month
0) to 3.66+0.09 U/gHDb at the end (month 12) of the experiment with p<0.001. On the
other hand, resting GPX activities in sedentary subjects was found to increase from

281.28+25.41 to 446.85+44.92 U/gHb at p<0.05.

8. Effect of one year exercise training (longitudinal study)

To see more clearly whether one year exercise training had any and how much
effects on physical fitness, lipid peroxidation and muscle damage, and scavenging
enzymes activities, all those data which demonstrated significant changes after one year
training in swim and football subjects were recruited (from Table 9-11) and presented
in Table 19. The corresponding data of untrained (sedentary) subjects are also
presented in this table for comparing advantage. It was undoubtedly found that regular
and systematic exercise training of more than 20 hours/week for one year resulted in
great increases in physical fitness characteristic such as muscle strengths (handgrips,
back and leg), muscular endurance (sit up) and trunk flexibility in both trained groups
with mostly better improvement in football than in swim subjects. Aerobic capacity
(predicted from PWC,5), were increased significantly (p<0.001) to a greater levels in

both swim and football subjects when compared with sedentary subjects. The effect of
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long-term exercise training was also clearly demonstrated in the trained groups by the
significant reduction in resting heart rate from 80.0 to 62.8 and 85.5 to 62.7 beats/min
in swim trained and football trained subjects, respectively.

Fifty percent increase in resting MDA was found with advancing age in
sedentary subjects, while there were no significant changes in resting MDA in swim
and football trained subjects after one year. Moreover, the endurance exercise of one
hour by cycling at 70% HRmax seemed to put less load to the swim and football
subjects after one year training since there were no increase in plasma MDA after
exercise in both trained groups while there was still 40% increase in MDA level in
sedentary group after exercise (Table 12). For plasma LDH, there were no increases
in this enzyme in swim and football trained groups but 10% increase in sedentary
group at 5 min after exercise (Table 14).

For resting scavenging enzyme activities, SOD was increased with significance
in football subjects and increased with no significance in swim subjects. CAT was
greatly and significantly decreased in sedentary and football subjects while it was
maintained in swim subjects. GPX activities showed tendency to increase in all three
groups, but the significant differences were demonstrated only in sedentary and
football subjects. After exercise, SOD was still found to be increased significantly in
football traingd subjects and the values at month 12 were higher than the
corresponding values at month 0. In swim trained subjects, post exercise SOD at the
end of one year was significantly higher than the corresponding value at the beginning

(month 0) of the experiment only at 48 hr after exercise (Table 15). CAT activities
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were not significantly changed while GPX activities were increased significantly after

exercise in all three group of subjects (Table 16, 17).
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CHAPTER V

DISCUSSION

During physical activity the rate of oxygen consumption in humans may
increase up to 20 fold (10, 98). Consequently, during sustained exercise reactive
oxygen species generation, such as O," production, may increase compared with during
rest (10, 99). Dillard et al. (100) and Lovlin et al. (101) reported that exercise caused
an increase in lipid peroxidation breakdown products in rodents and human,
respectively. Long-term and regular exercise training has been claimed to reduce the
exercise-increased lipid peroxidation by inducing antioxidant or scavenging enzymatic
activities. Most of the studies which reported the positive side of oxidative stress
following regular éxercise has been done in rodents (26, 29-31). For human, the
evidence for the effect of long-term exercise training is scarce and controversial.
Moreover, most of them come from the cross-sectional studies, comparing the data
among different groups of subjects who have been trained for various durations (55).
This study examine the effects of long-term regular exercise training on lipid
peroxidation, muscle damage, and scavenging enzymes both at rest and after one bout
of endurance exercise in young Thai subjects who were training to be swimmer and
football athletes. To our knowledge, this is the first longitudinal study to examine
differential effects of long-term exercise training up to one year, on both oxidative

stress and antioxidant enzyme activities in human, before and after acute exercise.
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Subjects

The trained subjects used in this study are the students from Sports School of
Suphanburi. The main purpose of this school is to educate and to train children to be
elite athletes at national or international levels. It is boarding school which admit
students, who have some talents in certain types of sports, from primary to high school
levels. Students stay and live together in the schools where they receive regular
intensive sports training. So these students are under the same environmental
condition, have the same nutrition and life style. Thus the students in sports schools
are good models for the study of the influence of long-terin intensive exercise training.
The training program for all types of sports in this school takes approximately 20 hours
per week which is much more than normal physical activities of general children of the
same age range. Our subjects are all students in Mathayom Suksa one which is the
first grade offered in this sports school so that all of them will be exposed to the
regular intensive exercise training program of the school at the same time. The starting
of the program was approximately at the beginning (month 0) of our experiment.

The sedentary subjects are the healthy students of Mathayom Suksa one from
Kanasut Suksalai School of Suphanburi. The purpose of choosing sedentary subjects
from the same province was to minimize the differences in environment, nutrition, and
life style among subjects in the same and different groups.

Mode or type of exercise may be another factor to consider in lipid
peroxidation reactions (3). In the present study, it was compared between weight
bearing and non-weight bearing types of exercise. Weight bearing type is the exercise

with the force of gravity acting on the body (102) and non-weight bearing type is the
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opposite. In our study, the weight bearing exercise was represented by ‘football’
which the subjects in this group were trained for a unique set of skills such as running,
ball handling, ability and power to kick for passing or shooting the ball (103). Non-
weight bearing type was represented by swimming which the subjects in this group
were trained for both sprint & endurance swimming skill. The daily training program
for swim and football subjects were as follows:

6.30-7.30 a.m. Basic training and running (the same for both groups)

15.30-18.00 p.m.  Specific training (specific for each group)

Intensity, duration, and mode of acute endurance exercise

Exercise of a sufficient intensity and duration has been shown to increase
indicators of oxidative stress (3). In this study, a bout of acute ergometer cycling
exercise at 70% of HR max for 60 minutes was chosen. This is equivalent to about
58% of the maximum aerobic capacity or \./'Ozmax (Table 1). Although establishing
exercise intensity from the measures of oxygen uptake is reasonably accurate, it is
impractical without sophisticated equipment. An effective alternative is to use heart
rate to classify exercise for relative intensity. This practice is possible because the
percent {/Ozmax and percent HRmax are related in predictable way regardless of
gender, fitness level, or age (78, 79). The error in estimating percent {IOzmax from
percent HRmax or vice verca, is about +8%. Since it is well accepted that aerobic
capacity will be improved if exercise is of sufficient intensity to increase heart rate to

about 70% of maximum, so it is likely that our exercise protocol was vigorous enough

to encompass the oxidative stress encountered during exercise (10). According to the
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study of Toskulkao and Klinsukon (32), the exercise prograrﬁ of 70% HRmax for 60
minutes was sufficient to produce the oxidative stress in adult.

Considering about the mode of exercise, cycling consists mainly of concentric
contraction, in which the active muscle shortens (104). It was used as an exercise
model in this study to avoid eccentric contractions that may cause inflammatory
responses (105). Although inflammatory events cannot be completely ruled out, we
assumed that most of the changes in plasma MDA, CPK, LDH and erythrocyte
antioxidants, if found after endurance exercise in this study, were mainly the results of

an elevation in metabolically induced oxygen radicals formation.

Comparisoﬁs of general and physical fitness data among three groups of subjects
at the beginning (month 0) and at the end (month 12) of the experiment: the
effects of long-term exercise training.

At the beginning of the experiment:

The subjects of all 3 groups were in the same ranges of age, body weight, lean
body mass, and height. The football-trained subjects, though showed no statistical
difference from the others, but from the observation and from the trends of the data
shown in Table 2, they seemed to be smaller than the sedentary and the swim trained
subjects. The significant differences were found in the percent body fat and some
physical fitness characteristics between the trained and untrained subjects from the very
beginning of the experiment. These significant differences in the percent body fat and
physical fitness between trained and untrained groups and the non-significant
difference in size of the football-trained group with the others might be due to the pre-

selection process of the sports school to get the students with some talents in sports.
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Most of the students of the sports school, used to be the young athletes of their
previous schools, so they had been exposed to certain levels of training before entering
the sports school and before being recruited into this experiment. However, those
previous trainings were brief, not as systematic, intensive, and regular as of the sports
school. So we still expected to see further changes in the trained groups at the end of
the experiment.

At the end of the experiment

The subjects of all three groups showed comparable increases in body weight,
lean body mass, and height after one year, indicating normal growth of subjects. The
percent body fat of the trained subjects were still significantly lower than the sedentary
subjects. The fat loss normally found with training could be due to the increased
activities of enzymes involved in the activation, transport and break down or oxidation
of fatty acid (106). The football-trained subjects, after one year training, had
significantly increases in all physical fitness characteristics measured including PWCio
which represents aerobic capacity in this experiment. The swim-trained subjects had
great increases in trunk flexibility, back strength, abdominal muscle endurance and
aerobic capacity. The sedentary subjects had only increases in grip strength and
aerobic capacity to the level that was still significantly lower than the trained groups.
These results indicated that one year of regular exercise training program employed in
Sports School of Suphanburi and in this experiment was effective in providing great
increqses in physical fitness characteristics, and the weiéht—bearing exercise training as
football had more benefits in improving physical fitness than the non-weight bearing

exercise training as swimming.
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The increase in PWC,7 in the trained subjects to the significantly higher
values when compared with the untrained subjects found in this study was in
accordance with the other studies which found that ;/OZmax in athletes was
significantly higher than in sedentary subjects (107, 108).

The mechanisms by which the ;/'021'11&)( could be increased with endurance
training include a combination of increased size and number of mitochondria and
oxidative enzymes in the active tissues (109, 110), as well as an increased blood
volume, an increased cardiac output and a better perfusion of the active tissues (55).
Long-term endurance training also causes muscular hypertrophy with an increased
capillary density in skeletal muscle. This would enhance the removal of waste products
from the working muscle (111, 112). Some investigators have suggested that since
training increases the number and the size of muscle mitochondria (110, 113), with
more mitochondria, the oxygen as well as the ADP and Pi required per mitochondrion
will be less for a given submaximal exercise load after training as compared with before
training. Because the levels of ADP and Pi control the rate of glycolysis (the higher
the levels, the greater the rate of the glycolysis), their lower levels after training would
cause the rate of lactic acid production to be slower. This may be one of the possible
reasons to explain the greater muscle strength and endurance found in both trained
groups in our study. The significant increase in PWC,4, also found in sedentary
subjects after one year in this study indicated that either the advancing age of one year

or the normal physical activities of the sedentary subjects or both, can cause the

increase in aerobic capacity in the untrained subjects to a certain level.
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The heart rates of both trained groups of subjects after 1-year training were
significantly lower than that of sedentary groups and significantly lower than the values
before regular training. The resting bradycardia resulting from exercise training most
likely involves two major components: (a) a decreased sensitivity of cardiac tissue to
the catecholamines, which is also known to occur following training (55) and (b) an
increase in parasympathetic (vagal) predominance on the cardiac pacemaker rate as a
result of a decrease in sympathetic activity caused by exercise training (108, 114).

An important characteristic of the blood is the hematocrit, which is the
percentage of the blood volume occupied by red blood cells. It is known that the
hematocrit increases progressively through childhood and adolescence in boys (115).
In our study, it was also found that the sedentary subjects showed increases in
hematocrit after one year (from 39.5 to 43.1%, p<0.01). However, the hemoglobin
concentration of the sedentary subjects only showed the tendency to increase with the
increased hematocrit (from 13.7 to 14.3 g/dl), but no significant difference was
obtained. In contrast to the sedentary subjects, the trained subjects of both groups did
not show the increases in either Hct or Hb with advanced age. This might be due to
the effect of exercise training. There have been numerous reports of sports anemia and
various hypotheses have been proposed to explain the etiology of this condition (116-
119). These include: dietary ion deficiency; gastrointestinal and urinary tract bleeding,
haemolysis caused by repeated mechanical trauma; and osmotic and oxidative damage
to RBCs during intensive exercise 7(1 18-119). However, considerable debate still
exists as to whether the low values of hematocrit and hemoglobin concentrations

observed in some athletes designate true anemia (RBC deficiency) since it was found
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that iron supplementation has no beneficial effect on athletic performance (119). Thus,
low RBC counts and hemoglobin concentration are more likely to be due to a training-
induced increase in plasma volume which causes hemodilution (pseudoanaemia) (116,
120-121). It was proposed that endurance training can increase RBC mass but the rise
in plasma volume is greater, so the observed decreased Hct is still found (119, 121).
Therefore, our finding that Hct of the trained groups were not increased with age as in

sedentary group was not unexpected.

Effect of one year exercise training on lipid peroxidation

The occurrence of lipid peroxidation can be detected by measuring its
byproduct, malondialdehyde (MDA) (16, 17). The resting levels of MDA found in this
study were in the range of 1.38-2.38 nmole/ml (Table 5). This range was comparable
with those found by the other investigators which used the same TBAR method. At
the beginning (month 0) of the experiment, resting MDA levels of the trained subjects
were found to be significantly higher than that of the sedentary subjects, indicating the
higher lipid peroxidation status which might reflect the higher physical activities in
these groups of subjects. After one year of regular intensive training. The resting
levels of plasma MDA in the trained groups were not significantly changed from the
beginning, while that of the sedentary group increased significantly. From this result, it
was likely to speculate that the occurrence of lipid peroxidation may increase with the
advancing age. Humans are exposed to many toxic substance in daily life, so, with
advancing age, the elevation of free radicals produced by these toxic substance may
result in the increased lipid peroxidation (32). Since there were no further significant

increases in MDA levels with age in the trained groups in this study, it might be
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possible that training reduced the rate of peroxidation process. This idea was
supported by several studies about adaptive responses of training. Salminen and Vihko
(122) have suggested that endurance training may increase the resistance of skeletal
muscle to injuries caused by lipid peroxidation according to their finding of a
significant reduction of lipid peroxidation in muscle after three weeks of training.
Jenkins et al. (123) reported that training enhanced muscle’s ability to defend itself
against hydroperoxide stimulated oxidant stress. These agreed with the finding of
Alessio et al. (72) that endurance training resulted in a slowing down of the
peroxidative reactions in tissues of rats. The mechanisms responsible for enhancing the
body’s defense against superoxide radicals and lipid peroxidation after endurance
training are not clear. However, some mechanisms involved in the defense
mechanisms that help to reduce some potentially harmful effect of superoxide radicals
and lipid peroxidation have been proposed as (a) to enhance the degradation excretion
of lipid peroxide (124) and (b) to increase the activity of antioxidant enzymes (25, 125-

127).

Effect of one year exercise training on muscle damage

Plasma activities of specific muscle enzymes such as CPK and LDH were used
as markers for muscle tissue damage in this study (22, 23). The resting values of
plasma CPK and LDH found in this study were 70-80 U/L and 156-251 U/L,
respectively, whi/ch were closed to the normal ranges of 15-110 U/L for CPK and 120-
240 U/L for LDH, respectively. In the untrained-sedentary subjects, it was found that
the increase of resting plasma MDA after one year was accompanied by the significant

increases of resting plasma LDH (38%) and the non significant increases of resting
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plasma CPK. This finding indicated that a certain degree of tissue damage was
occurred following lipid peroxidation in sedentary subjects with one year advancing
age. Inthe swim trained group there were no significant increases in both resting CPK
and LDH levels indicating no increase in tissue damage after one year training. For
football subjects, there was no increase in CPK but small (17%), significant increase in
LDH. The small increase in resting LDH without the accompanying increase in MDA
in football subjects indicating that the increased tissue damage marker found in this
case might not be the result of increased oxidative stress after training but probably
due to tissue trauma since football is considered as one of the contact sports. We may
concluded that with the advancing age, there might be an increase in tissue damage as
a result of increasing level of lipid peroxidation, and long-term regular exercise training
might help reducing this damage possibly through the reduction of lipid peroxidation.
It was also proposed that, with long-term exposure to daily training, fragile or
susceptible fibers would be eliminated, and the viscoelastic properties of the muscle-

connective tissue complex were stabilized (128).

Effect of one year exercise training on scavenging enzymes

The membranes of red blood cells are rich in polyunsatturated fatty acids and
are continually exposed to high oxygen concentration (129, 130). So, red blood cells
are highly susceptable to the damage caused by reactive oxygen free radicals.
However, they are very well endowed with antioxidant protection system. Antioxidant
enzymes provide the first line of defense against reactive oxygen species by converting
them to more reduced species (5). The three major antioxidant enzymes in our body

are superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX).
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In the present study, resting SOD activities tended to be increased in sedentary
and swim subjects but significantly increased in football subjects after one year. This
result was supported by the study of Brites et al. (131), who found that soccor players
under regular training show an improved plasma antioxidant status, an increase in
plasma superoxide dismutase activity, in comparison to sedentary controls. Earlier
studies in both rodents (25, 132) and human (133, 134) also reported that SOD
activity was increased by exercise training. Lukaski et al. (133) indicated that the
increase in dietary copper was a functional adaptation of copper metabolism to aerobic
training. In opposition, studies by Ji et al. (30), Laughlin et al. (26), Higuchi et al. (31)
and Alessio and Goldfarb (72) found no evidence of exercise training induced
upregulation of SOD activities in rodents. Ohno et al. (34) and Hellsten et al. (105)
found no change in SOD activity after physical training in humans. It might be
suggested that these disparate results are related to differences in training intensity,
duration, or mode of exercise (26).

This study presented that CAT activities were significantly decreased in
sedentary and football subjects but not significantly decreased in swim subjects at the
end of 1-year when compared with at the beginning of the experiment. In contrast,
GPX activities were increased in sedentary and football subjects but not significantly
increased in swim subjects. These observations suggested that the antioxidative
defense system is in a dynamic equilibrium, so that a decrease in one of the factors will
to a certain extent be compensated through increased capacity of the other antioxidants
(28). Catalase, a widely distributed enzyme responsible for catalyzing the conversion

of H,0; to H,O and O,, may function as the primary pathwéy for elimination of excess
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H,0, associated with oxidative stress, owing to the extremely high turnover rate of this
reaction (29). Catalase, however, has not been shown to be consistently inducable by
training. Jenkins (135) indicated, in a recent review of free radical biochemistry and
exercise, that animal studies investigating the eftects of training on CAT activity in
skeletal muscle have also produced conflicting results. CAT activities in four of the
muscle samples of the exercise trained rats were lower than control. These results are
in agreement with our results and those of Alessio and Goldfarb (72), who recently
reported that CAT activity was 30-40% lower in the red and white portions of vastus
lateralis muscle of the trained rats. Higuchi et al., (31) reported that training did not
produce any change in soleus CAT activity. Thus, available data indicated that
exercise training either does not change CAT activity in skeletal muscle or produces
decreases in CAT activitieé (26). Therefore, increases in GPX activity may represent
an adaptive function to assist the cell in HO, removal (29). Moreover, activity of
CAT, being present primarily in peroxisomes, also decreased during aging while GPX
which is found in mitochodrial areas was found to have a positive correlation with age
(136). With regard to erythrocyte GPX, its activity rises until 18 years, remains stable
until 65 years then slightly decreases afterward (137). These reports supported our
study that CAT activity was decreased and GPX activity was increased with the
advanced age. Under physiological conditions the mitochondrial respiratory chain
represents a major site of free radicals production (137). Therefore, the increase of
mitochondrial antioxidant enzyme activity during aging might be an important
mechanism compensating for the decreased cytosolic antioxidant enzyme activity and

protecting mitochondria from oxidative damage.
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Some studies reported that there were positive correlations between VO,max
and total SOD activity (134) and also between \./Ozmax and GPX activity in human
(17). The high capacities to consume oxygen and consequently produce a large
amount of ROS were accompanied by high SOD and GPX activities with both served
to protect the organism from lipid peroxidation and cell membrane damage (17). The

increases in SOD and GPX activities in relation to the increase in VO,max were also

found in this study.

Effects of one hour endurance exercise on lipid peroxidation, index of muscle
damage and antioxidant enzymes at the beginning (month 0) and at the end
(month 12) of the experiment.

Exercise training, acute exercise, and lipid peroxidation (MDA)

Strong evidence supports the hypothesis that the mechanisms of muscle
damage are based on the role of free radicals during exercise (2-5, 8, 133). Several
studies indicated that lipid peroxidation increased in skeletal muscles (2, 72), cardiac
muscles (53) and in liver (2, 72) of untrained rats after acute exercise. In agreement
with the above reports, we found that one hour endurance exercise caused an increase
in plasma lipid peroxidation product (MDA) in untrained subjects both at the beginning
and at the end of the experiment (Table 16, Figure 15). The magnitude of the increase
in MDA after exercise at the end of one year was found to be significantly higher than
those at the beginning of the experiment at every time intervals measured (5 min, 24
hr, and 48 hr). This result indicated that with advanced age, exercise of the same
intensity and duration caused a greater effect on lipid peroxidation in untrained

subjects. In contrast, both trained groups of subjects had increases in MDA levels
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after one hour endurance exercise only at the beginning of the experiment, there were
no significant increases in MDA after exercise at the end of one year training. It
indicated that training status may also influence on the tolerance to oxidative stress
caused by exercise (32). The findings in this study agreed with those of Viinikka et al.
(139) and Alessio et al. (72). Viinikka et al. did not find any significant changes in
serum MDA levels in well-trained runners during and after exhaustive exercise
compared to pre-exercise. Alessio et al. demonstrated no increase in muscle MDA
levels of the trained rats after moderate exercise, while an increase of MDA was
caused by the same intensity of exercise in the sedentary group. The most
contradictory results were on the reported peak of MDA (62, 140, 141). Parts of the
reasons for the contradictory findings could be the use of different types, duration and
intensity of exercise (28, 63) and different times of sampling after exercise (28).
Therefore, in this study we chose to measure MDA at 3 different time courses after
exercise (5 min, 24 hr, and 48 hr).

In this study, a bout of moderate exercise was prescribed according to the
previous study from our laboratory (32). Subjects were cycling for 60 minutes at the
resistance that produced 70% HRmax and the lipid peroxide levels in plasma were
investigated. The plasma lipid peroxide level was found to increase to maximal level at
5 minutes after exercise (Table 16, Figure 15). The time to reach peak was different
from the study of Toskulkao and Klinsukon (32) which reported that plasma lipid
peroxide formation in untrained and trained subjects (short and long distance runners)
reached maximal levels at 24 hours after exercise. However, a number of human

studies of exercise induced lipid peroxidation in which plasma MDA were determined
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reported an immediate increase in plasma MDA after exercise (9, 33, 101, 141). Our
study supported the finding of Sen et al. (141) who reported that 30 minutes cycling
with increased workload by 20 W/min produced an increase in plasma MDA at 2
minutes after exercise and plasma MDA was no longer seen at 24 hour, indicating a
complete recovery. Endogenous malondialdehyde, a principle component of TBARS,
undergoes rapid oxidative metabolism either in its primary form or after formation of
an adduct with various macromolecules, eg., lysine, guanine and phospholipid base
(141, 142). Therefore, our observation that an exercise-associated increase in plasma
MDA level was not detectable in the 24 hour recovery sample was not unexpected.
This might also explained why Ortenblad (28) which measured muscle and blood MDA
only at 24 hour post exercise did not find exercise induced MDA.

The small degree of increase in plasma MDA levels found in our study might
be explained by the fact that these compounds are cleared from plasma rapidly by
several potential mechanisms, including excretion, catabolism, or redistribution to body
tissues (143). The study of Jenkins provides evidence that MDA was cleared into the
urine after exhausting exercise and that MDA diffusing from an exercising muscle
might be rapidly cleared by the liver as the exercise was underway (116).

Exercise training, acute exercise and index of muscle damage (CPK,

LDH)

The increase in plasma enzyme activities after physical exercise has been well
established in various studies (22, 62, 64, 66, 75). Although the vast majority of
studies conducted on the relationship between exercise and subsequent CPK levels

disclosed elevations in CPK, there were experiments that failed to make such
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observation (10, 145-147). Our studies also found that significant increase in CPK
activities did not.occur after 60 minutes bicycle exercise. The difference in findings
may due in part to the difference in modes of muscle contraction (73). The increase in
CPK response might be significant with eccentric rather than concentric or isometric
contractions (148). Byrnes et al. (149) suggested that eccentric exercise results in
more CPK with a longer time delay than isometric or concentric exercise. The cycling
exercise in our study was considered to be of concentric type, so the resulting CPK
rise was lower in magnitude and shorter in time course.

Higher CPK level was found to be associated with lipid peroxidation and the
disruption of the muscle cell membrane (144). The elevation in plasma MDA could
result from the increased lipid peroxidation in several tissues, but active muscle is likely
to be the major source of oxidative damage products (9). In our study, significant rise
in MDA was also found in sedentary subjects after exercise but the rise in MDA and
CPK activities were not correlated. Discorrelation between plasma MDA and CPK
was also seen in the study of Duthie (150) and Child (9). Both investigators studied in
half marathon run and found that plasma CPK activities increased without associated
changes in plasma indices of lipid peroxidation (MDA). In contrast, another previous
report found a significant correlation between these damage indices in human after 80-
km run (62). The difference might be due to the influence of different exercise
durations on the release of creatine phosphokinase. With increasing exercise duration,

however, peroxidative damage may have been more important in elevating the serum

activity of myocellular enzymes (9).
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After one year training, LDH activities were not increased in swim subjects
and even decreased in football subjects after exercise. It is likely that training caused
positive adaptation in reducing LDH activities induced by exercise. This finding
supported the study of Thorstensson et al. (75) who indicated that aerobic training
resulted in a decrease in total LDH activity in human skeletal muscle. Moreover Apple
et al. (155) found that LDH activities in skeletal muscles of men and women runners

were significantly decreased after 9 week training when response to a marathon race.

Exercise training, acute exercise, and scavenging enzymes (SOD, CAT,

GPX)

In the present study, we found that there were no chénges in SOD activities
after exercise in the sedentary subjects both at the beginning and at the end of one
year. This finding was supported by the study of Alessio and Goldfarb (72) that acute
exercise (20 min treadmill running) caused no change in total SOD activity in rats.
Ohno et al. studied the effect of 30 min cycling at 75% \./Ozmax on erythrocyte
scavenging enzyme responses and found that SOD (Cu, Zn) activity of the untrained
subjects after exercise was not changed (152). From these reports, it appears that
acute exercise has no definite effect on SOD activity in Humans (36).

In contrast, in the trained subjects we found that an hour endurance exercise
gave rise to the significant increase in SOD activities, both at the beginning and at the
end of the experiment. After one year training, the post exercise values of SOD in
both swim- and football-trained subjects were significantly higher than the
corresponding values before training, especially at 48 hr after exercise. These results

indicated the role of long-term exercise training on inducing SOD activities both before



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) /111

and after acute exercise. This idea was supported by the study of Mena et al. (153)
which reported that SOD activities in RBC of professional cyclists were increased only
after 20 days bicycle race but not in 6 days or 8 hours bicycle races. It seems likely
that the increased red blood cell SOD activity in the professional cyclists who covered
2,800 km in 20 days, was due to adaptation to aerobic endurance training, although the
exercise period was not long (153).

In this study, long-term exercise training seems to have no effects on exercised
induced changes in CAT and GPX scavenging enzymes since there were no changes in
responses of both enzymes at the beginning and at the end of the experiment in all 3
groups of subjects.

In the present study, the increases in GPX activities were found while there
were no changes in CAT activities in every groups of subjects after acute endurance
exercise. These findings suggested that GPX is either more capable of eliminating
H,0, when compared with CAT (154) or GPX is the mzjor enzyme involved in
removing H,O, and affords a major role in defending the tissues against peroxidative
damage (30) after exercise. Although, the literature regarding GPX appears to be
more consistent in favor of the exercise-inducibility of this enzyme (26, 30, 155). A
study by Salminen and Vikko (122) reported no changes in GPX activities in both red
and white muscles of exercise-trained mice. The explanation for the discrepant results
cited above may be due, in part, to differences between exercise protocol employed by

the different investigators (155).
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CHAPTER VI

CONCLUSION

In the present study, the effects of long-term regular exercise training on lipid
peroxidation byproduct (MDA), muscle damage indicators (LDH, CPK), and
scavenging enzymes (SOD, CAT, GPX) activities were studied in human both at rest
and after one hour endurance exercise by ergometer cycling at 70% maximum heart
rate. The newly admitted students of Sports School of Suphanburi which were
subsequently trained for one year to be swimmer and football athletes were used as the
trained-subjects and students of the same age range (10-14 yr) from the other school of
Suphanburi were used as the untrained (sedentary) subjects.

From the present results, conclusions could be drawn as follow;

1. One year of regular exercise training program employed in this study (20
hr/week) was effective in providing great increases in physical fitness characterics to
the trained subjects.

2. The occurrence of lipid peroxidation increased with advancing age in the
sedentary subjects but not in the trained subjects, indicating the beneficial effect of
long-term exercise training in reducing age-related increased lipid peroxidation.

3. One hour endurance exercise by cycling at 70% maximum heart rate was

sufficient to cause increases in lipid peroxidation and tissue damage in the untrained

subjects.
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4. With advancing age, the same intensity and duration of an acute endurance
exercise caused higher degree of increases in lipid peroxidation and tissue damage in
the untrained subjects.

5. There were no increases in lipid peroxidaton and tissue damage in the
trained subjects after endurance exercise, indicating the beneficial effects of long-term
exercise training in reducing the exercise-induced lipid peroxidation and tissue damage.

6. Resting and exercise induced scavenging enzymes activities in the swim-
trained, the football-trained, and the sedentary subjects were different.

7. At the end of one year: there were significant decreases in resting CAT
activities and significant increases in GPX activities in the sedentary and the football-
trained subjects while there were no changes in CAT and GPX activities in the swim-
trained subjects. Resting SOD activities were found to be increased significantly only
in the football-trained subjects, and increased with no statistical significance in the
swim-trained subjects.

8. After acute endurance exercise, SOD activities were found to be
significantly increased in the football-trained subjects. The levels of post-exercise SOD
at the end of one year were significantly higher than those at the beginning of the
experiment at every time intervals after exercise in football-trained subjects, at 48 hr
after exercise in the swim-trained subjects, and were not different at all in the sedentary
subjects.

9. The level of post-exercise CAT was decreased and the level of post-

exercise GPX was increased in both trained and untrained subjects after one year.
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10. The beneficial effects of long-term exercise training in reducing age related
and exercise induced increases in lipid peroxidation and tissue damage were possibly

due to the increased SOD scavenging enzymes found in the trained subjects.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) /115

REFERENCES

1. Venditti P, Di Meo S. Antioxidants, tissue damage, and endurance in trained and
untrained young male rats. Arch Biochem Biophys. 1996; 331(1): 63-8.

2. Davies KJ, Quintaniltha AT, Brooks GA, Packer L. Free radicals and tissue damage
produced by exercise. Biochem Biophys Res Comm. 1982; 107(4): 1198-
205.

3. Alessio HM. Exercise-induced oxidative stress. Med Sci Sports Exerc. 1993; 25
(2): 218-24.

4. Jenkins RR, Goldfarb A. Introduction: oxidant stress, aging and exercise. Med Sci
Sports Exerc. 1993; 25(2): 210-2.

5. JiLL. Exercise, oxidative stress, and antioxidants. Am J Sports Med 1996; 24(6):
S20-4.

6. Lehninger AL. Oxidative phosphorylation and photophosphorylation. In:
Lehninger AL, Nelson DL, Cox MM, editors. Principles of biochemistry.
2nd ed. New York: Worth; 1993. p. 542-70.

7. Mayes PA. The respiratory chain & oxidative phosphorylation. In: Murray RK,
Granner DK, Mayes PA, Rodwell VW, editors. Harper’s biochemistry 23
rd ed. London: Prentice-Hall; 1993. p. 119-29.

8. Goldfarb AH, Mclntosh MK, Boyer BT, Fatouros J. Vitamin E effects on indexes
of lipid peroxidation in muscle from DHEA-treated and exercised rats. J

Appl Physiol. 1994; 76(4): 1630-5.



Daroonwan Chakraphan References /116

9. Child RB, Wilkinson DM, Fallowfield JL, Donnelly AE. Elevated serum

10.

11.

12.

13.

14.

15.

16.

17.

18.

antioxidant capacity and plasma malondiadehyde concentration in response
to a simulated half-marathon run. Med Sci Sport Exerc. 1998; 30(11):
1603-7.
Viguie CA, Frei B, Shigenaga MK, Ames BN, Packer L, Brooks GA. Antioxidant
status and indexes of oxidative stress during consecutive days of exercise.
J Appl Physiol. 1993; 75(2): 566-72.
Sen CK. Oxidants and antioxidants in exercise. J Appl Physiol. 1995; 79(3): 675-
86.
Halliwell B, Gutteridge JM. Oxygen toxicity, oxygen radicals, transition metals
and disease. Biochem J. 1984; 219: 1-14.
Freeman BA, Crapo JD. Biology of disease: Free radicals and tissue injury. Lab
Invest. 1983; 47(5): 412-26.
Slater FT. Review article: Free-radical mechanisms in tissue injury. Biochem J.
1984; 222: 1-15.
Gutteridge JM, Halliwell B. The measurement and mechanism of lipid
peroxidation in biological systems. TIBS. 1990; 15: 129-35.
Halliwell B, Chirico S. Lipid peroxidation: its mechanism, measurement and
significance. Am J Clin Nutr. 1993; 57(suppl): 715S-25S.
Margaritis I, Tessier F, Richard MJ, Marconnet P. No evidence of oxidative stress
after a triathlon race in highly trained competitors. Int J Sport Med. 1997,
18(3): 186-90.

Gregory B. The role of oxygen free radicals in human disease processes. Surgery.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) /117

19.

20.

21.

22.

23.

24.

25.

26.

27.

1983; 94(3): 407-11.

Starnes JW, Cantu G, Farrar RP, Kehrer JP. Skeletal muscle lipid peroxidation in
exercised and food-restricted rats during aging. J Appl Physiol. 1989; 67
(1): 69-75.

Niess AM, Hartmann A, Gronert-Fuchs M, Poch B, Speit G. DNA damage after
exhaustive treadmill running in trained and untrained men. Int J sports
Med. 1996; 17(6): 397-403.

Cotran RS, Kumar V, Robbin SL, editor. Robbins’ pathologic basis of disease. 4
th ed. Philadelphia: WB Saunders; 1989.

Van der meulen JH, Kuipers H, Drukker J. Relationship between exercise-induced
muscle damage and enzyme release in rats. J Appl Physiol. 1991; 71(3):
999-1004.

Nosaka K, Clarkson PM. Variability in serum creatine kinase response after
eccentric exercise of elbow flexors. Int J Sports Med. 1996; 17(2): 120-7.

Ji LL. Antioxidant enzyme response to exercise and aging. Med Sci Sports Exerc.
1993; 25(2): 225-31.

Kanter MM, Hamlin RL, Unverferth DV, Davis HW, Merola AJ. Effect of
exercise training on antioxidant enzymes and cardiotoxicity of
doxorubicin. J Appl Physiol. 1985; 59(4): 1298-303.

Laughlin MH, Simpson T, Sexton WL, Brown OR, Smith JK, Korthuis RJ.
Skeletal muscle oxidative capacity, antioxidant enzymes, and exercise
training. J Appl Physiol. 1990; 68(6): 2337-43.

Ji LL, Dillon D, Wu E. Myocardial aging: antioxidant enzyme systems and related



Daroonwan Chakraphan References /118

28.

29.

30.

31.

32.

33.

34.

biochemical properties. Am J Appl Physiol. 1991; 30: R386-R392.

Ortenblad N, Madsen K, Djurhuus MS. Antioxidant status and lipid peroxidation
after short-term maximal exercise in trained and untrained human. Am J
Appl Physiol. 1997; 272(41); R1258-R1363.

Hammeren J, Power S, Lawler J, Criswell D, Martin D, et al. Exercise training-
induced alterations in skeletal muscle oxidative and antioxidant enzymes
activity in senescent rats. Int J Sport Med. 1992; 13: 412-6.

Ji LL, Stratman F, Lardy H. Antioxidant enzyme system in rat liver and skeletal
muscle: influences of selenium deficiency, acute exercise and chronic
training. Arch Biochem Biophys. 1988; 263: 150-60.

Higuchi M, Cartier LJ, Chen M, Holloszy JO. Superoxide dismutase and catalase
in skeletal muscle: Adaptive response to exercise. J Appl Physiol. 1985;
40(3): 281-6.

Toskulkao C and Glinsukon T. Endurance exercise and muscle damage:
relationship to lipid peroxidation and scavenging enzymes in short and
long distance runners. Jpn J Phys Fitness Sports Med. 1996; 45(1): 63-70.

Marzatico F, Pansarasa O, Bertorelli L, Somenzini L, Della VG, Blood free
radical antioxidant enzymes and lipid peroxides following long-distance
and lactacidemic performance in highly trained aerobic and sprint athletes.
J Sports Med Phy Fitness. 1997; 37(4): 235-9.

Ohno H, Yahata T, Sato Y, Yamamura K, Taniguchi N. Physical training and
fasting erythrocyte activities of free radical scavenging enzymes in

sedentary. Eur J Appl Physiol. 1988; 57: 173-6.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) /119

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

Arouma OI, Review: Free radicals and antioxidant strategies in sports. J Nutr
Biochem. 1994; 5: 370-81.

Asmus KD, Bonifacic M. Free radical chemistry. In: Sen CK, Packer L, Hanninen
O, editors. Exercise and oxygen toxicity. Ansterdam: Elservier Science;
1994. p. 1-47.

Slater TF, Cheeseman KH, Davies MJ, Proudfoot K, Xin W. Free radical
mechanisms in relation to tissue injury. Proc Nutr Soc. 1987; 46: 1-12.

Maestro RF, Thaw HH, Bjork J, Planker M, Free radicals as mediators of tissue
injury. Acta Physiol Scand. 1980; 492 (Suppl): 43-57.

Crastes DP. Free radicals and aging. Ann Biol Clin. 1990; 48: 323-30.

Clark IA. Tissue damage caused by free oxygen radicals. Pathology. 1986; 18:
181-6.

Ji LL, Dillon D, Wu E. Alteration of antioxidant enzymes with ageing in rat
skeletal muscle and liver. Am J Physiol; 258: R918-23.

Halliwell B, Gutteridge JM. Free radicals in biology and medicine. Oxford UK:
Clarendon; 1985; p. 73-5, iO4-6.

Demopoulos HB. The basis of free radical pathology. Fed Proc. 1973; 32(8):
1859-61.

Vliegenthart FG. Enzymic and non enzymic oxidation of polyunsaturated fatty
acids. Chem Indus 1979; 7: 241-51.

Wade CR, Van Rij Am. Plasma thiobarbituric acid reactivity: Reaction conditions
and the role of iron, antioxidants and lipid peroxy radicals on the

quantitation of plasma lipid peroxides. Life Sci. 1988; 43(13): 1085-93.



Daroonwan Chakraphan References /120

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Salminen A, Vihko V. Lipid peroxidation in exercise myopathy. Exp Mol Patho.
1983; 38: 380-8.

Tappel AL. Lipid peroxidation damage to cell components. Fed Proc. 1973; 32
(8): 1870-4.

Dhaliwal H, Kirshenbaum LA, Randhawa AK, Singal PK. Correlation between
antioxidant changes during hypoxia and recovery on reoxygenation. AmJ
Physiol. 1991; 261: H632-8.

Aebi H. Catalase. In: Bergmeyer HU, editor. Method for enzymatic analysis. 2nd
ed. New York and London: Academic Press; 1965. p. 673-82.

Meister A, Anderson ME. Glutathione. Ann Rev Biochem. 1983; 52: 711-60.

Paglia DE, Valentine WN. Studies on the quantitative and qualitative
characterization of erythocyte glutathione peroxidase. J Lab Clin Med.
1967; 70(1): 158-69.

Chulabhorn Research Institute. Workshop on Detection of free radical. Bangkok.
1997; May: 228-9.

Rajguru SU, Yeargans GS, Seidler NW. Exercise causes oxidative damage to rat
skeletal muscle microsomes while increasing cellular sulfhydryls. Life Sci.
1993; 54(3): 149-57.

Lamb DR, Editor. Physiology of exercise response and adaptations. 2nd ed. New
York: Macmillan; 1984.

Fox LE, Bowers RW, Foss ML. The physilogical basis for exercise and sport. 5th
ed. Madison (WI): Brawn & Benchmark; 1993.

Jackson MJ, Edwards RH, Symons MC. Electron spin resonance studies of intact



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) /121

57.

38.

59.

60.

61.

62.

63.

65.

mammalian skeletal muscle. Biochem Bophys Acta. 1985; 847: 185-90.

Corongui FP, Milia A. An improved and simple method for determining diene
conjugation in autoxidized polyunsaturated fatty acids. Chem Bio Inter.
1983; 44: 289-97.

Frankel EN. Secondary products of lipid oxidation. Chem Phy Lipids. 1967; 2:
432-5.

Pincemail J, Deby C, Dethier A. Pentane Measurement in man as an index of
lipoperoxidation. Bioelectrochem Bioenerg. 1987; 18: 117-25.

Matsushita A, Terae J, Shibata S. Limitations of the hemoglobin method for
detecting lipid hydroperoxides. Journal Free Radicals in Biology and
Medicine. 1987; 3: 335-6.

Ohkawa H, Ohishi N, Yagi K. Reaction of linolei and hydroperoxide with
thiobarbituric acid. J Lipid Res. 1978; 19: 1053-7.

Kanter MM, Lesmes GR, Kaminisky LA, Lahamsalger J, Nequin ND. Serum
creatine kinase and lactate dehydrogenase changes following an eightly
kilometer race. Eur J Appl Physiol. 1988; 57: 60-83.

McBride JM, Kraemer WIJ, Triplett-McBride T, Sebastianelli W. Effect of
resistance exercise on free radical production. Med Sci Sports Exc. 1998;
30(1): 67-72.

Shimomura Y, Suzuki M, Sugiyama S, Hanaki Y, Ozawa T. Protective effect of
coenzyme Q10 on exercise-induced muscular injury. Biochem Biophy Res
com. 1991; 176(1): 349-55.

Hunter JB, Critz JB. Effect of training on plasma enzyme levels in man. J Appl



Daroonwan Chakraphan References /122

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Physiol. 1971; 31(1): 20-3.

Mena P, Maynar M, Campillo JE. Change in plasma enzyme activities in
professional racing cyclists. Br J Sports Med. 1996; 30: 122-4.

Komulainen J, Kytola J, Vihko V. Running-induced muscle injury and myocellular
enzyme release in rats. J Appl. Physiol. 1994; 77(5): 2299-304.

Armstrong RB. Initial events in exercise-induced muscular injury. Med Sci Sports
Exerc. 1990; 20(4): 429-35.

Siu SM, Draper HH. Metabolism of malonaldchyde in vivo and in vitro. Lipids.
1982; 17: 349-55.

Lee DM. Malondialdehyde formation in stored plasma. Biochem Biophy Res
Com. 1980; 95(4): 1663-72.

Tiidus PM, Behrens WA, Madere R, Kim JJ, Houston ME. Effects of Vitamin E
status and exercise training on tissue lipid peroxidation based on two
methods of assesment. Nutr Res. 1993; 13: 219-24.

Alessio HM, Goldfarb AH. Lipid peroxidation and scavenger enzymes during
exercise: adaptive response to training. J Appl Physiol. 1988; 64(4):
1333-6.

Hortobagyi T, Denahan T. Review article: Variability in creatine Kinase:
Methodotogical, exercise and clinically related factors. Int J Sports Med.
1989; 10: 69-80.

Clarkson PM, Apple FS, Byrnes W, McCormick KM, Triffletti P. Creatine kinase
isoforms following isometric exercise. Muscle Nerve. 1987; 10: 41-4.

Sjodin B, Thorstensson A, Frith K, Karlsson J. Effect of physical training on LDH



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) /123

76.

1.

78.

79.

80.

81.

82.

83.

84.

activity and LDH isozyme pattern in human skeletal muscle. Acta Physiol
Scand. 1976; 150-7.

Apple FS, Rogers MA. Skeletal muscle lactate dehydrogenase isozyme alterations
in men and women marathon runners. J Appl Physiol. 1986; 61(2): 477-
81.

Rose LI, Bousser JE, Cooper KH. Serum enzymes after marathon running. J Appl
Physiol. 1970; 29(3): 355-7.

McArdle WD, Katch FI, Katch VL, editors. Exercise physiology. 3rd ed.
Philadelophia: Lea & Febiger; 1991.

McArdle WD, Katch FI, Katch VL, editors. Exercise physiology. 4th ed.
Maryland: Williams & Wilkins: 1996.

Astrand PO, Radahl K, editors. Textbook of work physiology. 3rd ed. New York:
McGraw-Hill; 1986.

Londeree BR, Thomus TR, Ziogas G, Smith TD, Zhang Q. %VO,max
regressions for six modes of exercise. Med Sci Sports Exerc. 1995; 27(3):
458-61.

Swain DP, Abernathy KS, Smith CS, Lee SJ, Bunn SA. Target heart rates for the
development of cardiorespiratory fitness. Med Sci Sports Exerc. 1994; 26
(1): 112-6.

Pollock ML. The quantification of endurance training programs. In: Wilmore J,
editor. Exercise sport science reviews. New York: Academic Press; 1973.

Shephard RJ. Intensity, duration and frequency of exercise as determinants of the

response to a training regime. Int Z Angrew Physiol. 1968; 26(3): 272-8.



Daroonwan Chakraphan References /124

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Gaesser GA, Rich GA. Effect of high-and low-intensity exercise on aerobic
capacity and blood lipids. Med Sci Sport Exerc. 1984; 16(3): 269-74.

Hollmann W, liesen H, Mader A. Metabolic capacity. In: Dirix A, Knuttgen HG,
Tittel K, editors. The olympic book of sports medicine. Vol. 1. London:
Blacicwell Scientific; 1988; p. 58-68.

Pollock ML Gettman LR, Milesis CA, Bah MD, Durstine L, Johnson RB. Effect
of frequency and duration of training on attrition and incidence of injury.
Med Sci Sports. 1977; 9(1): 31-6.

Gergley TJ, McArdle WD, Delesus P, Toner MM, Jacobowitz S, et al. Specificity
of arm training on aerobic power during swimming and running. Med Sci
Sports Exerc. 1984; 16(4): 349-54.

Magel JR, Foglia GF, McArdle WD, Gutin B, Pechar GS, et al. Specificity of
swim training on maximum oxygen uptake. J Appl Physiol. 1975; 38(1):
151-5.

Greenburg JS, Pargman D, editors Physical fitness a wellness appoach. New
Jersey: Prentice-Hall; 1986.

Getehell B, editor. Physical fitness a way of life. USA: John Wiley & Sons; 1976.

Heyward VH. Evaluation of body composition. Sports Med. 1996; 22(3): 146-56.

Katch FI, Katch VL. Measurement and prediction errors in body composition
assessment and the search for the perfect equation. Res Q Exerc Sport.
1980; 51: 249-60

MacDougall JD, Werger HA, Green HJ, editors. Physiological testing of the high-

performance athlete. 2nd ed. Illinois: Human kinetics books; 1991.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) /125

95. Health GW, Hagberg JM, Ehsani AA, Holloszy JO. A physiological comparison
of young and older endurance athletes. J Appl Physiol. 1981; 51: 634-40.

96. Heyward VH, editor. Advanced fitness assessment and exercise prescription. 2nd
ed. Illinois: Human kinetics book; 1001.

97. Boileau RA, Lohman TG, Slaughter MH. Exercise and body composition of
children and youth. Scand J Sports Sci. 1985; 7(17-27).

98. Brooks GA, Faheg T, editors. Exercise physiology. Human bioenergetics and its
application. New York: Macmillan; 1984.

99. Boveris A, Chance B. The mitochondrial generation of hydrogen peroxide.
Biochem J. 1973; 134: 707-16.

100. Dillard DJ, Litvo RE, Savin WM, Dunelin EE, Tappel AL. Effect of exercise,
vitamin E, and ozone on pulmonary function and lipid peroxidation. J
Appl Physiol. 1978; 45: 927-32.

101. Lovlin R, Cottle W, Pyke I, Kavanagh M, Belcaétro AN. Are indices of free
radical damage related to exercise intensity? Eur J Appl Physiol. 1987; 56:
313-6.

102. Ozkaya N, Nordin M, Reinhold VN, editors. Fundamental of biomechanics
equilibrium, motion and deformation. New York: Macmillan; 1991.

103. John M, Ruth R, editors. Kinesiology. 3rd ed. Saint Louis: The C.V. mosby;

1972.

104. Newham DJ, Jones DA, Edwards RH. Plasma creatine kinase changes after

eccentric and concentric contractions. Muscle & Nerve. 1986; 9: 59-63.

105. Helisten Y, Apple F, Sjodin B. Effect of sprint cycle training on activities of



Daroonwan Chakraphan References /126

106.

107.

108.

109.

110.

111.

112.

113.

114.

antioxidant enzymes in human skeletal muscle. J Appl Physiol. 1996; 81
(4): 1484-7.

Benzi G, Panceri P, Debernardi M, Villa R, Arcelli: E, et al. Mitochondrial
enzymatic adaptation of skeletal muscle to endurance training. J Appl
Physiol. 1975; 38(4): 565-9.

Shephard RJ, editor. Physiology and biochemistry of exercise. New York:
Pracger; 1982.

Scheur J. Cardiovascular adaptations to physical training. Am Rev Physiol. 1977,
39: 221-51.

Fox EL. Physical training: methods and effects. Orthop Clin N Am. 1977; 3:
533-48.

Fox EL, Bartels R, Billing C, O’brien R, Bason R, Mathews DK. Frequency and
duration of interval trainig programs and changes in aerobic power. J
Appl Physiol. 1975; 38(3): 481-4.

Brodal P, Inger F, Hermansen L. Capillary supply of skeletal muscle fibers in
untrained and endurance-trained men. Am J Physiol. 1977; 232(6):
H705-H712.

Hermansen L, Wachtlova M. Capillary density of skeletal muscle in well trained
and untrained men. J Appl Physiol. 1971; 30(6): 860-3.

Inger F. Capillary supply and mitochondrial content of different skeletal muscle
fiber types in untrained and endurance trained men: a histochemical and
ultrastructural study. Eur J Appl Physiol. 1979; 40: 179-209.

Katona PG, McLean M, Dighton DH, Gluz A. Sympathetic and parasympathetic



Fac

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

. of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) /127

cardiac control in athletes and nonathletes at rest. J Appl Physiol. 1982;
52(6): 1652-7.

Malina RM, Bouchard C. Growth maturation and physical activity. Illinois:
Human Kinetics Books; 1991.

Weight LM. Sport anaemia: does it exist? Sports Med. 1993; 16; 1-4.

Newhouse 1J, Clement DB. Iron status in athletes: an update. Sports Med. 1988;
5: 337-52.

Selby GB, Eichner ER. Hematocrit and performance: the effect of endurance
training on blood volume. Sem Hematol. 1994; 31: 122-7.

Cook JD. The effect of endurance training on iron metabolism. Sem Hematol.
1994; 31: 146-54.

O’Toole ML, Hiller WDB, Roalstad MS. Hemolysis during triathton races: its
relation to race distance. Med Sci Sports Exerc. 1988; 20: 272-5.

Green HJ, Sutton JR, Coates G. Response of red cell and plasma volume to |
prolonged training in humans. J Appl Physiol. 1991; 70: 1810-5.

Salminen A, Vihko V. Endurance training reduces the susceptibility of mouse
skeletal muscle to lipid peroxidation in vitro. Acta Physiol Scand. 1983;
117: 109-13.

Jenkins RR, Krause K, Schofield LS. Influence of exercise on clearance of
oxidant stress products and loosely bound iron. Med Sci Sports Exerc.
1993; 25(2): 213-7.

Suzuki M, Katamine S, Tatsumi S. Exercise-induced enhancement of lipid

peroxide metabolism in tissues and their transference into the brain in rat.



Daroonwan Chakraphan References /128

125.

126.

127.

128.

129.

130.

131.

132.

J Nutr Sci Vitaminol. 1983; 29: 141-51.

Vani M, Reddy PG, Reddy RG, Thyagaraju K, Reddanan P. Glutathione-S-
transferase, superoxide dismutase, xamthine oxidase, catalase,
glutathione peroxidase and lipid peroxidation in the liver of exercised
rats. Biochem Inter. 1990; 21(1): 17-26.

Lew H, Quintanilha A. Effects of endurance training and exercise on tissue
antioxidative capacity and acetaminophen detoxification. Eur J Drug
Metab Pharmacokinet. 1991; 16(1): 59-68.

Karlson J. Heart and skeletal muscle ubiquinone or CoQ 10 as a protective agent
against radical Vol. 1. Edited by Benzi. London: J Libbey & Co. 1987:
305-18.

Robbins SL, editor. Pathologic basis of disease. Philadelphia: Saunders; 1974.

Tessier F, Margaritis I, Richard MJ, Moynot C, Marconnet P. Selenium and
training effects on the glutathione system and aerobic performance. Med
Sci Sports Exerc. 1995; 27(3): 390-6.

Clemens MR, Waller HD. Lipid peroxidation in erythocytes. Chem Physiol
Lipids. 1987; 45: 251-68.

Brites FD, Evelson PA, Christiansen MG, Nicol MF, Basilico MJ, Wikinski RW,
Liesuy SF. Soccer players under regular training show oxidative stress
but an improved plasma antioxidant status. Clin Sci (Colch). 1999; 96
(4): 381-5.

Powers S, Criswell D, Lawler J, Ji LL, Martin D, Herb RA. Influence of exercise

and fiber type on antioxidant enzyme activity in rat skeletal muscle. AmJ



Fac.

133.

134,

135.

136.

137.

138.

139.

140.

of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) /129

Physiol. 1994; 266: R375-80.

Lukaski IT, Hoverson BS, Gallagher SK, Bolonchuk WW. Am J Clin Nutr.
1990; 51: 1093-9.

Jenkins RR, Friedland R, Hownld H. The relationship of oxygen uptake to
superoxide dismutase and catalase activity in human muscle.” Int J Sports
Med. 1984; 95: 11-14.

Jenkins RR. Free radical chemistry: relationship to exercise. Sports Med. 1988;
5: 156-70.

Ceballos-Picot I, Trivier JM, Nicole A. Age-correlated modifications of copper-
zinc dismutase and glutathione related modifications of copper-zinc
dismutase and glutathione related enzyme activities in human
erythrocytes. Clin Chem. 1992; 38: 66-70.

Arthur Y, Herbeth B, Guemouri L. Age-related variations of enzymatic defenses
against free radicals and peroxides. In : Verleg B, editor. Free Radicals
and Aging. Switzerland: Basel; 1992. p. 359-67.

Chance B, Sies H, Boveris A. Hydroperoxide metabolism in mamalian organs.
Physiol Rev. 1979; 59: 527-605.

Viinikka L, Vuwori J, Ylikorhala O. Lipid peroxides, prostacyclin, and
thromboxane A, in runners during acute exercise. Med Sci Sports Exerc.
1984; 16: 275-7.

Maughan RJ, Donnelly AE, Gleesom M, Whiting PH, Whiting K, et al. Delayed-
onset muscle damage and lipid peroxidation in man after a downhill run.

Muscle Nerve. 1989; 12: 332-6.



Daroonwan Chakraphan References /130

141.

142.

143.

144.

145.

146.

147.

148.

149.

Sen CK, Rankinen T, Vaisanen S, Rauramaa R. Oxidative stress after human
exercise: effect of N-acetylcysteine supplementation. J Appl Physiol.
1994; 76(6): 2570-7.

Draper HH, Hadley M. Malandialdehyde determination as index of lipid
peroxidation. In: Packer L, Glazer AN, editors. Methods in enzymology.
New York: Academic; 1990; p. 421-31.

Leaf D, Kleinman MT, Hamilton M, Barstow T. The effect of exercise intensity
on lipid peroxidation. Med Sci Sports Exerc. 1997; 29(8): 1036-9.

Hansen KN, Bjerre-Knudsen J, Broadthagen U, Jordal R, Paulev PE. Muscle cell
leakage due to long distance training. Eur J Appl Physiol. 1982; 48: 177-
88.

Gambino SR, Schneller J. Creatine kinase MB isoenzymes in serum of patients
who undergo cardiac surgery. Clin Chem. 1984; 30: 829.

Houston ME, Froese EA, Valeriote P, Green HJ, Ranney DA. Muscle
Performance morphology and metabolic capacity during strength training
and detraining: a one leg model. Eur J Appl Physiol. 1983; 51: 25-35.

Larsen F, Rossner S. Serum creatine kinase in obese subjects before and during
weight reduction. Clin Chim Acta. 1983; 133: 285-8.

Wu Y, Taylor BM, Sun FF. Alterations in reactive oxygen, pH, and calcium in
astrocytoma cells during lethal injury. Am J Physiol. 1996; 270: C115-
24.

Byrnes WC, Clarkson PM. Delayed onset muscle soreness and training. Clin

Sports Med. 1986; 5: 605-14.



Fac

. of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) /131

150. Duthie GG, Robentson JD, Maughan RJ, Morrice PC. Blood antioxidant status

151.

152.

153.

154.

155.

and erythrocyte lipid peroxidation following distance running. Arch
Biochem Biophy 1990; 282 (1): 78-83.

Apple FS, Rogers MA, Casal DC, Sherman WM, Tvy JL. Creatine kinase-MB
isoenzyme adaptations in stressed human skeletal muscle of marathon
runners. J Appl Physiol. 1985; 59(1): 149-53.

Ohno H, Yahata T, Sato Y, Yamamura K. The effect of brief physical exercise
on free radical scavenging enzyme systems in human red blood cells. Can
J Physiol Pharmacol. 1986; 64(9): 1263-5.

Mena P, Maynar M, Gutierrez JM, Maynar J. Epythrocyte Free radical scavenger
enzymes in bicycle professional racers. Adaptation to training. Int J
Sports Med. 1991; 12(6): 563-6.

Radak Z, Asano K, Inoue M, Kizaki T, Oh-ishi S, Suzuki K, et al. Superoxide
dismutase derivative reduces oxidative damage in skeletal muscle of rats
during exhaustive exercise. J Appl Physiol. 1995; 79(1): 129-35.

Criswell D, Powers S, Dodd S, Lawler J, Edwards W, Renshler K, et al. High
intensity training-induced changes in skeletal muscle antioxidant enzyme

activity. Med Sci Sports Exerc. 1993; 25(10): 1135-40.



Daroonwan Chakraphan Appendix /132

APPENDIX I

PREPARATION OF BLOOD

Seven ml of venous blood from each subject was drawn into heparinized tubes
and centrifuged at 3,000 rpm for 10 min at 4°C. Plasma was collected for lipid
peroxide content (MDA), creatine phosphokinase (CPK) and lactate dehydrogenase
(LDH) analyses. The red cells, after buffy coat removing, were washed 3 times with
cold (4°C) 5 mM phosphate buffer saline. The pack red cells were then assayed for

superoxide dismutase, catalase and glutathione peroxidase.



APPENDIX II

LIPID PEROXIDE CONTENT

(Ohgawa et al., 1979)

PRINCIPLES

Oxidation of polyunsaturated fatty acids leads to numerous peroxidic and
aldehydic compound, in particular the volatile low molecular weight aldehyde,
malondialdehyde (MDA). The chemical composition of the end products of
peroxidation will depend on the fatty acid composition of the lipid substrate used and
upon what metal ions are present. Thus copper and iron ions give different end-
product distributions as measured by the thiobarbituric acid (TBA) test. This is one of
the most commonly used methods for detecting and measuring lipid peroxidation. The
lipid material is simply heated with TBA at low pH, and the formation of a pink
chromogen is measured at or close to 532 nm. The chromogen is formed by reaction

of one molecule of malondialdehyde (MDA) with two molecules of TBA.

REAGENTS

1. 8.1% Sodium dodecyl sulfate (SDS)
Dissolve SDS 8.1 g in distilled water and allow to stand overnight at room
temperature until it is dissolved. Then make up to 100 ml.

Do not shake because this solution will produce a lot of bubbles and store in

refrigerator.

042932
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2. 20% of acetic acid solution (pH 3.5)

Pipette 26.61 ml of 37% HCl into volumetric flask (1,000 ml) and make up to
1,000 ml with distilled water. 0.27 M HCI is then obtained. Add 20 ml pure acetic
acid in 80 ml 0.27 m HCl. Adjust the solution to pH 3.5 with 1 N NaOH.
3. 0.8% Thiobarbituric acid (TBA)

Weigh TBA 0.8 g. Then add distilled water, heat and stirr until it is dissolved.
Make this solution up to 100 ml and mix.
4. 1,1,3,3-Tetramethoxypropane (TMP) or malondialdehyde bis (dimethyl acetal)
solution is used as an external standard. The level of lipid peroxide is expressed as
nmole of MDA.

Pipette 16.4 ul stock TMP and make up to 100 ml with distilled water. Then
pipette 0.04, 0.08, 0.12, 0.16, 0.20 ml of this stock TMP solution and add distilled
water to 10 ml in each concentration. These will give the following concentration of

standard TMP: 4, 8, 12, 16, 20 nmole/ml. Store the stock solution in refrigerator.

PROCEDURE

1. Pipette the following solutions into a series of glass tubes with screw capped:

Solution Blank (ml) Standard (ml) Unknown (ml)
Sample - - 0.5

8.1% SDS 0.2 0.2 0.2

20% Acetic acid (pH 3.5) 1.5 1.5 1.5

0.8% TBA 1.5 1.5 1.5

TMP stock standard - 0.5 -
Distilled water 0.8 0.3 0.3

2. Heated the tubes in the water-bath at 95°C for 60 min.
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3. After cooling with top water, 1.0 ml of distilled water and 5.0 ml of the mixture of
n-butanol and pyridine (15:1 v/v) are added and shaken vigorously (at least 1 min).

4. After centrifugation at 4,000 rpm for 10 min, the organic layer is taken and its
absorbance at 532 nm is measured.

5. The content of lipid peroxide is expressed in terms of nmole MDA/ml.

CALIBRATION CURVE

1. Prepare a series of tube containing TMP stock standard in water in the following

concentrations: 2.0 nmole/0.5 ml, 4.0 nmole/0.5 ml, 60 nmole/0.5 ml, 8.0 nmole/0.5 ml

and 10.0 nmole/0.5 ml.
2. Perform the procedure as in step 2.

3. Determine the absorbance at 532 nm. Then plot the optical density versus nmole

of MDA/ml.

REFERENCE

Ohgawa H, Ohishi N, Yaki K. Assay for lipid peroxides in animal tissues by

thiobarbituric acid reaction. Anal Biochem 1979; 95: 351-8.
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APPENDIX II1

CREATINE PHOSPHOKINASE

(Sigma Chemical, St. Louis, Missouri, USA)

PRINCIPLES
The enzymatic reactions involved in the assay are as follows:
Creatine phosphate + ADP ._ny Creatine + ATP
ATP + Glucose —5p ADP + G-6-P
G-6-P+NAD SGSFPHL 6.pG + NADH
CK catalyzes the reaction between creatine phosphate and adenosine
diphosphate (ADP), forming creatine and adenosine triphosphate (ATP). The ATP
formed is utilized to phosphorylate glucose, producing glucose-6-phosphate (G-6-P) in
the presence of hexokinase (HK).  Subsequently, G-6-P is oxidized to 6-
phosphogluconate (6-PG) in the presence of nicotinamide adenine dinucleotide (NAD).
This reaction is catalyzed by glicose-6-phosphate dehydrogenase (G-6-PDH). During
this oxidation, an equimolar amount of NAD is reduced to NADH increasing the

absorbance at 340 nm. The rate of change in absorbance is directly proportional to CK

activity.

REAGENTS

1. Enzyme substrate mixture

2. Buffer solution
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REAGENT PREPARATION

Add deionized water into a vial containing enzyme substrate mixture and mix

gently by inversion then store the solution at 2°-6°C.

PROCEDURE

1. To cuvette labelled test, add 1.0 ml CPK reagent and bring to incubated for 3 min.
2. Add 0.02 ml sample and mix by inversion.

3. Place cuvette in constant temperature cuvette compartment and incubated for 3
min.

4. Read and record Absorbance (A) of test at 340 nm versus deionized water as
reference. This was Initial A.

5. Continue incubation at 30°C and record absorbances at 30 sec intervals for a period

of 120 sec was Final A.

6. Calculate A A per min by subtracting Initial A from Final A and dividing by 2.

CALCULATION

Determine CPK activity as follows:

CPK (U/L) = A Aperminx TV x 1,000
6.22xLP xSV
where:
A A per min = Change in absorbance per min at 340 nm.
TV = Total volume (ml)
SV = Sample volume

6.22 = Millimolar absorptivity of NADH at 340 nm
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LP = Lightpath
1,000 = Conversion of units per ml to units per litre
REFERENCES

Kachmar JR, Moss DW. Enzymes. In fundamentals of clinical chemistry. Edited by
Tietz NW. Saunders, Philadelphia 1976, 682-9.

Oliver IT. A spectrophotometric method for the determination of creatine kinase. J

Lab Clin Med. 1963; 159: 62.
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APPENDIX IV

LACTATE DEHYDROGENASE

(Human Chemical, Taunusstein, Germany)

PRINCIPLES

The enzymatic reactions involved in the assay are as follows:

LDH
Pyruvate + NADH ——— Lactate + NAD*
Lactate dehydrogenase reversibly catalyzes the conversion of lactate to
pyruvate, with the simultaneous reduction of NAD to NADH. Since NADH absorbs
at 340 nm and NAD does not, the activity of LDH is assayed by following the increase

in absorbance at 340 nm using lactate and NAD as substrates.

REAGENTS

1. Buffer solution
- Tris buffer (pH = 7.4) 50 mmol/1
- Pyruvate 1.2 mmoll

- EDTA 5.0 mmol/1

2. Starting reagent

- NADH 0.15 mmol/l
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REAGENT PREPARATION

Pipette 2 ml from reagent 2 into reagent 1 (10 ml) and mix thoroughly by

inversion. Store the reagent mixture at 2-8°C and kept light protected.

PROCEDURE

1. To curette labelled test, add 0.02 ml sample in 1.0 ml LDH reagent mixture and
mix by inversion.

2. Read and record Absorbance (A) of test at 340 nm, 30°C versus deionized water as
reference. This was Initial A.

| 3. Continue incubation at 30°C and record absorbance at 60 sec intervals for a period

of 180 sec was Final A.

4. Calculate A A per min by subtracting Initial A from Final A and dividing by 3.

CALCULATION

Determine LDP activity as follows:

LDH (U/L) = A A per min x 8095
where:
A A per min = Change in absorbance per min at 340 nm.
8095 = Value calculated from A A per min x TV x 1,000
6.22xLP xSV
REFERENCE

Will I and Trendelenbury C. Joint study to establish reference values for clinical

chemical parameter in childhood. J Clin Chem Biochem 1982;20(4) 235-

242.
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APPENDIX V

SUPEROXIDE DISMUTASE

(Modified from the method of Winterbourn, 1975)

PRINCIPLES

Superoxide dismutase catalyzes the breakdown of the superoxide free radical
(0;7) according to the reaction:
20, +2HF —> 0, + H,0,
The assay system is based on the ability of the enzyme SOD to inhibit the
reduction of nitroblue tetrazolium (NBT) by superoxide radical which is generated by

its reaction of photoreduced riboflavin and oxygen.

REAGENTS

1. 0.1 M EDTA (ethylene diaminetetraacetic acid)

3.72 g of EDTA is dissolved in 100 ml of distilled water.
2. 1.5 mg KCN in 100 ml

1.5 mg of KCN is dissolved in 100 ml of distilled water.

3. 1.5 mM NBT (nitroblue tetrazolium)

Dissolve 123 mg of NBT in 100 ml of distilled water.

4. 0.12 mM Riboflavin

Dissolve 14.5 mg of Riboflavin in 100 ml of distilled water.
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5. 0.067 M Phosphate buffer pH 7.8
Mix 0.067 M of K,HPO, in 0.067 M KH,PO, to make phosphate buffer

pH.7.8.

PROCEDURE

1. About 0.4 ml of red blood cell was hemolysed by adding approximately 1.5
volumes of cold water (4°C).
2. The hemoglobin concentration of this hemolysate was adjusted to about 10 g/dl by
cold water (4°C).
3. A chloroform-ethanol extract was prepared by adding 0.5 ml of hemolysate to 3.5
ml of cold water (4°C), followed by 1.0 ml of ethanol, then 0.6 ml of chloroform.
Solution should be mixed at addition, and finally shaken for 1 min.
4. Sample tubes were centrifuged for 10 min, 3,000 rpm at 4°C. The clear top layer
was collected for enzyme assay.
5. For each sample to be assayed, the tubes were set up containing 0, 10, 20, 40, 60,
80, 200 and 500 pl of SOD extract from red cells. The reagents were added into these
tube as following:

0.2 ml of 0.1 m EDTA.

0.2 ml of 1.5 mg of KCN in 100 ml.

0.1 ml of 1.5 mM nitroblue tetrazolium (NBT)

0.05 ml of 0.12 mM riboflavin (lastly added)

0.067 M phosphate buffer pH 7.8 was added to give a total volume of 3 ml.
6. The tube which contained no extract was a controls for each run. All tubes were

then illuminated with a light box for 12 min at room temperature (25°C).
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7. Optical density was measured at 560 nm.

CALCULATION

Results were expressed as unit of superoxide dismutase per gram of
hemoglobin and 1 unit is defined for a particular system as that the amount of enzyme
causing half the maximum inhibition of NBT reduction. The percent inhibition of NBT
reduction versus the amount of red cell extract was plotted on linear graph paper. The
volume of extract (Ll) required to inhibit the reduction of NBT by 50% was used in the
following equation.

E = 100,000

pl of SOD extract
where:
E = the enzyme activity expressed as 50% inhibition in unit/g HB.
As percentage inhibition could be calculated from this formula :

% Inhibition = O.D. of control — O.D. of experiment x 100

O.D. of control

REFERENCE

Winterbourn CC, Hawkings RE, Brain M, Canell RW. The estimation of red cell

superoxide dismutase activity. J Lab Clin Med 1975; 85: 337-341.
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APPENDIX VI

CATALASE

PRINCIPLES

Catalase function is decomposition of H,O, to H,O and O, which can be
measured by the decrease in O.D. at 240 nm. The difference in O.D. per unit time is

the catalase activity.

2H,0, Catalase H,0, + O,

REAGENTS

1. 50 mM phosphate buffer pH 7.0
a. Dissolve 6.81 g KH,PO, in distilled water and make up to 1,000 ml.

b. Dissolve 8.90 g Na,HPO,:2H,0 in distilled water and make up to 1,000

Mix the solutions a and b in proportion of 1:1.55
2. 30 mM hydrogen peroxide

Dilute 0.34 ml 30% hydrogen peroxide with phosphate buffer (solution 1) to

100 ml.

PROCEDURE

1. Prepared a stock hemolysate containing 5 gHb/100 ml by the addition of cold (4°C)

distilled water.
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2. Prepared a 1:3,000 dilution of this hemolysate with phosphate buffer immediately
before the determination.

3. The following reagents were added to cuvette.

Reagents Blank (ml) Sample (ml)
phosphate buffer 1.0 -
sample (hemolysate) 2.0 2.0
H,0; solution - 1.0

4. The decrease of O.D. of the system was measured against that of the blank at 240 nm.

CALCULATION
A = A O.D. x V¢ x 100 x Dilution factor
0.071 x Vg x Hb

where :

A = enzyme activity in units per gram of hemoglobin (U/gHb)

0.071 = molar extinction of H,O,.

Ve = the cuvette volume

Vy = the volume of hemolysate in the reaction system (mi)

Hb = the concentration of hemoglobin (g/dl)
REFERENCE

Beutler E. Red Cell Metabolism. A manual of Biochemical methods. Grune and
Stratton, Inc, New York. 1971; 30-36.
Bergmeyer Ulrich Hans. Methods of enzymatic analysis. Academic Press, Inc., 1974;

V2: 673-684.
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APPENDIX VII

GLUTATHIONE PEROXIDASE

PRINCIPLES

Glutathione peroxidase catalyzes the reaction of hydroperoxides and

hydrogenperoxide with glutathione as the reductant.
GPX
2GSH+ROOH —=» ROH + GSSG + H,0

2GSH + H,0, _SP%X, 2H,0+0,
The simplest method is a spectrophotometric assay in which the reduction of

GSSG is coupled to the oxidation of NADPH through glutathione reductase.

GSSH + NADPH + H+ Glutathione reductase > ZGSH + NADP+

t-Butyl hydroperoxide is the most suitable substrate for the assay of the

enzyme. The oxidation of NADPH was measured at 340 nm.

REAGENTS AND PROCEDURE

1. The following reagents were added to cuvette with a critical volume of less than 1 ml.

Reagents Blank (ul) Sample (ul)
IM Tris - HC], EDTA S mM, pH 8 100 100
0.1 M GSH 20 20
Glutathione reductase 10 U/ml 100 100
1 mM NADPH 100 100
1: 20 hemolysate 10 10

H,O 670 660
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2. Mix throughly and preincubate at 37°C for 10 min.
3. Add 7mM t-Butyl hydroperoxide 10 ul in system solution.

4. The decrease of O.D. of the system was measured against that of the blank at 340

nm.
CALCULATION
A = A O.D. x Vc x 100 x Dilution factor
6.22 x Vg x Hb
where :
A = enzyme activity in units per gram of hemoglobin (U/gHb)
6.22 = molar extinction of NADPH.
Ve = the cuvette volume.
Vu = the volume of hemolysate in the reaction system (ml).
Hb = the concentration of hemoglobin (g/dl).
REFERENCE

Beutler E. Red Cell Metabolism. A manual of Biochemical Methods. Grune and
Stratton, Inc, New York. 1971; 30-36.
Beutler E. Red Cell Metabolism. A manual of Biochemical Methods. Grune and

Stratton, Inc, New York. 1975; 71-73.
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