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Physical exercise is importance for soccer players in competition. However, physical exercise
can induce free radicals and reduce endogencus antioxidants. The aim of this work is to determine the
glutathione antioxidant status in 22 soccer players engaged in oondition training program at Assuﬁwptldn
Coltege Sriracha. Blood samples were taken at pre-training, §" week, 2"d week of Waining and 'postrn '
competiion. The results showed that physical characteristics of the subjects were cbmpared with
reference group the same age-range and sex. The anthropometric parameters that showed slightly
difference were heart rate (67.54110.06 beats /min), VO,max (50.03112.10ml/kg/imin) and leg ‘muscie
strength (3.000.054kgikg body weight} when compared to reference group's heart rate (78.32110.53
beats /min), VO,max (45.601.9.98mifkg/min) and leg muscle strength (2.2410.052kg/kg body weight).
The results showed that blood reduced glutathione was significantly decrease after 15' week of {raining
program and slowly restored to the pre-training level in the post-competition. Erythrooyie giutathione
peroxidase in the subject’s blood taken at the same time as blood reduced glutathione showed the same
pattern of changes as reduced glutathione (p<0.05). The exercise intensity of program that was two

hours training per day, five days per week including 15 min warm up, 20 min basic technique, 20 min 7
small game, 20 min taoﬁca! technigue, 3C min full game and 15 min cool down. The average hear& rate
of each activity were 118:37i11.18 beats /min, 132.98115.05 beats /min, 130.481:10.41 beats /min,
141.2471227 beats /min, 140.10129.81 beats /min and 148.60127.0 beats /min respectively. The
average hearf rate of the entire program was 134.3718.86 beats /min', which was 66.5% of maximum
heart rate. Therefore, this program was considered o be the moderate inlensity exercise according to
the average heart rate. The glutathione anfioxidant levels in this study demonstrated the significant
decrease afier the first week of training. In order {o avoid this oxidative stress in young soccer players
during the re-building period, coaches or trainers should consider to slowly increasing the training

intensity at the beginning of the rebuilding period.
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CHAPTERI

INTRODUCTION

Football {soccer} is one of '&he most wideiy play and cbmpiex sports in the
world. The players need-technical, tactical, and condition {physical skill} training to -
succeed. Exercise imgnséiy in football ranges from standing and walking to
sprinting, covering a mean distance ciosed to that observed during marathon
~ running (70%-80% of the maximal oxygen uptake) {Helgerud J, Engen LC, Wisloff U
and Hoff J, 2001 and Calbet JAL, Dorado C, Diaz-Herrera and Rodriguez-Rodriguez
LB, 2001).

Physical fitness of football players is important at ali levels of iﬁe' game.
- Whilst being essential for top level players, it is beneficial for beginners who will

improve both their effectiveness and enjoyment through good standards of fithess,
‘The aim of fitness training in football is to enable a player to cope with physical
demands of the game as well as to allow the efficient use of his various technicai
and tactical competencies throughout the match. Football players must be abije to
perform a preolonged intermittent exerciée {endurance), high intensity, exercise .
sprint, and develop high level of power (force} when kicking and tackling. Good
levels of agility and coordination are also necessary and distinguished between
elite and average players (Wisloff U, Heigerud J and Hoff J, 1988).

Physical fitness, which includes power, muscular endurance, speed,

flexibility, strength, and cardiorespiratory fitness can be acauired by training. The



physica! training in soccer player is‘co‘mposed of severa! components {Fig.1.1),
such as, aerobic training, anaerobic training, specific muscle training and

- coordination (Bangsbo J, 1994},

Components of fitness training for football ‘

Aerobic Anaerobic Specific Muscle a:.Zcmrdin::ztion
Recovery Speed En !urance Strength - Techniqug |
Low intelséty Speed Enjurange Agility
High intensity Flexibitity

Figure 1.1 The major components involved in football specific training

in exercise physiology, the aerobic capacity of an inﬁividuai is considered
to be a widely accepted index for physical fitness. Thus, one of the primary goals
of coaches, physical tramers; and athletes is to enhaﬁce the ability to consume
atmospheric oxygen since oxidative metabolism is very energy cost efficient and
évoids factate formation during energy supply (Bangsbo J, 1894},

Phys’ica% exelr'cise may increase skeletal ‘r.nuscﬂe arteriovencus oxygen
difference by three-fold and blood flow through the &éssﬁé by‘ SG—fold‘. A$ a result,
the piayers may have iljp to 150—1‘0%(1 increase in o>:(‘yg?€‘znr flux through the active

skeletal muscle during exercise {Sen CK, 1985). An elevation of reactive oxygen



species {ROS) or free radicals accompanies the increase in oxygen uptake &uﬁng
exercise, which is considered to bg oxidative stress.

A free radical is an atom molecule having an unpaired electron, which is
. very unstabie, highly reactive. Under resting condition, tﬁe content in arterial and
venous blood of‘fhe skeletal muscle tissug are 20 and 15 mi per 100 m! blood,
respectively (Sen CK, 2001).

Catabolic and anabolic processes that occur in skeletal musc&é during and
after exercise are under the influence of various mediators in which oxygen free.
radical are major contributors. During exercise oxygen free radicals are released in
muscle through mitochondria oxidative phosphoerylation or from inflammatory
cells, which may trigger and stimulate metabolic events that invoive in the
amioxidant defense system, Activated oxygen species appear to play a key role in
exercise-induced injury to muscie membrane components and in exercise-induced
the associated alteration of lysosomal and mitcchondria enzyme activity. The.
magnitude of oxidative damage cccurring after exercise is dependent on the rate of
oxygen consumption and the dynamic balance of antioxidant and pro-oxidant
celiular mechanism (Jacob RA and Burri BJ, 1996 and Mates JM et. al, 1589).

To prevent exercise induced oxidative stress, the organism is well equipped
with an antioxidant defense system including enzymes such as. superoxide
dismutase (SOD}, catalase and glutathione peroxidase {GSH-Px}, and non-

. enzymatic substances such as vitamins and reduced glutathione {GSH). Endurance



training can enhance the enzymatic én!igxidan‘t activity and the glutathione status
{Margritis L, Tessier F, Richard MJ and Marconnet P, 1897).

Glutathione is well established asr being important in the defehse against
cellular oxi_dati've stress.‘ In addition, it 55 a scavenger of hydroxyl rgdical and
singlet oxygen. The reduced from of giutathione (GSH) is a substrate of,g&ﬁtathione
peroxidase, which is involved in the decomposition of hydrogen and lipid
peroxides. GSH is oxidized to be giutathione disuifide (GSSG) in response. to
Qxidative siress {Dufaux B, Heine O, K othe A, Prinz U and Rosf: R, 1997). The ratio
of reduced (GSH) vs oxidized glutathione {GSSG) is recognized as a sensitive
measurement of oxidative stress. In humans, some confliciing results concerning
the glutathione.changes in blood after exercise have been published. Gohil et al.
198‘8 observed a 60% decrease of biocod GSH in § subjects with a reciprecal rise in
GSSG during a 90-min submaximal bicycle exercise bout. The essentially similar
changes were obiai_ned in the same group after a half mara_zhon (21.1km.). Duthie et
al. {1990) reported a 36 % decrease of GSH in 7 well-trained subjects. The
concentration of GSSG did nct change significantiy.

in 1999 Brites FD, investigated the lipoprotein profile and the plasma
antioxidant status rin s‘occer players engaged in a regular physical training
consisted of 20 h of training and six soccer matches per week for at least 1 year.
The results showed an improved plasma antioxidant status {significantly elevated
levels of ascorbic acid and uric acid in the sportsmen} in comparison fo sedentary

controls.



Exercise training seems to reduce the incidence of oxidative stress in the
body and increase a use of the antioxidant defense system. Antioxidant may not
improve sporting performance but may be important in reducing damage dumllg
exhaustive exercise and during recovery from training, or injury. The most well
known antioxidants are reduced glutathione, vitamin E énd vitamin C {inal M, Akyuz
F, Turgut A and Geisfrid WM,‘.?OO?).

Since glutathione plays an important role in the maintenance of lissus

antioxidan? defense (Sen CK, 1899), this work was set to investigate whether the

glutathione antioxidant system involved in the natural antioxidant defense system

in soccer players who were trained by an exhaustive exsrcise during the re-

builiding period and after the competition.

1.1 Research Question

How does condition training in soccer players effect on giutathione

antioxidant?

1.2 Objective of this study

To study effect of condition training in soccer players on glutathione

antioxidant




1.3 Assumptions

1. The recruited soccer players have continually experienced
training 2 hours per day, 5 days per week and for at least one vear.

2. Food consumpticn has no confounded effect on the studies.

1.4 Operational Definitions

Condition training: The soccer training program used at Assumption

Co"ege Sriracha

1.5 Expected Benefits of the study
1. Evaiuate the levei of exercise intensity in soccer training program.
2. Assay the oxidative stress in soccer players according to the
gluxathiope antioxidani
3. The 'resuh could be applied for the requirement of glutathione

supplements.



CHAPTERII

LITERATURE REVIEW

Foqtba!i (sogcer) is ps’qbabfy tﬁemost wideEy practicgi sport in the Woﬂd
and its popularity is continually to increase. it is considered a physically
demanding spon, .which required a high degree of technical skill, stréngth, agility
and endurancg. Exercise intensity in soccer ranges from standing, walking and
sprinting. It is estimated that the mean distance covered during the game .c.loses to
11 km at an average intensity comparable to that‘ was observed during rﬁarathon
%.mning (?0% -80% of the maximal ‘oxygen uptake). This closes to the anaefobic
thresAhoid or the i.actate threshold (LT} which is equivalent to 89% - 90 % of
maximum heart rate {Helgerud J, 2001). During a 90 min game, soccer players
e‘ﬂcountef numerous explosive bursts of activity, such as, jumping, kicking,
tackiing, turn_ing,r sprinting, charnging pace and sustaining forceful contraction to
maintain and control of the ball agarins’c defensive pressure.

In order to be able to maintain a high ieyei of intensity throughout the
whoiégame, a soccer p‘layer shou!d_ has or high levels of physical fitness. The aim
',qf ﬁ?ness training in footbéiﬂ is to enable a player to cope with the physical
demandsl of the game as weﬂ as to allowing the efficient use of his various
techr}ica_!_ and tactical. Fitness training in football carj. be divided into a number of

components as mentioned by Bangsbo J, {1594).



Aerobic fraining in scccer training program

Aerobic power has been well recognized as an important physica!l
cbn_tributor to soccer player performance and can b.e improved by aerobic ‘tfaining;
Tiﬁe training will help soccer players as follows: {Bangsbo J, 1884}

1. Sﬁppiying a larger percentage of the energy required for exercise

2. improving enduraﬁce, .which allows a player to exercise at a higher
intensity throughout a game.

3. Requiring less time to recover after a period of high — intensity exercise
‘beforef being able to perform maximally in a subsequent matchrattivity

An aerobic training can be divided into three main areas. The recovery
4‘ training aims- at helping a player return fo pre — exercise status as quick. as
possible after a m_atch ora hard‘traénéﬁg session. An aerobic low intensity enables
the players to work with relatively high exercise intensity throughout a match, and
aerobic. at high intensity enhances the ability to repeatedly exercise at a high -
intensity during a match.

. An aerobic training shouid mainly be performed with a bail, The definition of
the three categoeries of aerobic {raining takes into account that the heart rate of a
player will alternate continuously during training. Table 2.1 illusirates the principles
behind the various categories of aerobic training. It misleads to gquantify training by
the total exercise thme. Any activity, whether it lasts for 15 or 30 minutes, can have

a favorable effect on the player’s aerobic work capacity.



Table 2.1 Target heart rate of aerobic training in soccer players at various level of

training
Heart Rate
% of HR max
Mean Range | Mean® Range* -
Beats/min

Recovery training | 65% 40-80% 130 £0-160
Low-intensity training 80% 65-30% 160 130-180
High- intensity training S0% 80-100% 180 160-200

* 1t R max is 200 beats /min

Anaerobic training in soccer training program

An anaerobic training consists of speed training and endurance training, of
which the latter can be divided into production training and maintenance training.
in soccer, speed is not only merely dependent on physical capacity, but also
involyes rapid decision making which must then be transiated into quick
movements. Therefore, the aim of speed training is also to improve the player's
ability to perceive, evaluate, and act quickly in match situation where speed is
essential. In crder to obtain this effect, speed training should mainly be performed
with a ball.

Speed endurance training increases the muscle’s ability to rapidly produce
force and improves the capacity of muscie to maintain a high power cutput. This

fype of training enables a player to exercise at a high intensity more frequently and
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for !ongeﬁ' peﬁods of time.‘_This ability is especially important for top—class players
because of the foliowing reasons:
1. improving performances of intense match activities, such as
accelerating, sprinting, ta.ckﬁing, and shooting.
2. _Ele\)aiing ability to perform a prolonged high - intensity exercise during a
game.
3. Be abl‘e to perform a high — intensity exercise more frequently during‘é

game.

When pianning fitness training the phases of a soccer year should be
taken into account. Nevertheless can be divided into a pre—season, a 5eason, and a
mid- season break. However, a coach should prepare {o change or adjust a

planned training session at anytime.

Pre — season

Pre season can be subdivided into a maintenance period and a re -
building period. The maintenance period is from the last match of the previcus
season to the resumption of team training.. Traditicnally, the maintenance period
7 lhas used for mental recovery with very little physical training. This means that the
players will have a good basic fithess leve!l for the re — building period. During the
last month before the rre—buiidi.ng period the training frequency should be

increased to at least two sessions per week. Then, the maintenance pericd can



11
consist of other bali games, as to help the player to relax mentally in the
maintenance period._

_The re-building period is forming the resumptioﬁ of .team training untii the
first match of the next season. The re—building period has focused mainly on
fitness training with an emphasis .onh a long distance runrning‘ and muscle
endurance f{raining. During the re - building g‘).eriod, an aerobic .highr - intensity
exercise, and various type of anaerobic training should be performed. As the start
of the season approaches, the number of training sessions should be gradually
increased. In some countries the playing surface is change during the re —building
period whicb can causc problems for the player as theiy muscles are s%res;ed ina
differenl way and _decrease the risk of injury. The transition between playing
surfaces should be gradual. During the re-building pericd training matches are a
Vgood and appreciate form of fitness training, but they shoulé not be applied before
the players are prepared physically for the demands of a full m;tch- (Banlgsbc‘.i,
1934)

The pre-season covers the period between maintenance period and a re-
bu'giciing period. Suring th‘eb maintenance period, an aerobic with iow intensity
training shoulid be perf-orm.ed fo ensure a good physical foundation before the start
of the re-building period. During the re-building period, it is important to play match

regularly at a high competition level.
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Season

During the season, the level _of fitness achieved during the re-building
period should ke maintained andperhaps even improved.

A_n aercbic with high Intensity training sﬁouid give a‘ high priority during a
season. Speed training for top-class player, and spéed endurance training shou?d
alsc be performed reqularly. The endurance capacity may be maintain.ed by
frequently proionged training sessions with only short rest periods. (Bangsbo J,

1694).

Free radicals and oxidative stress

During the re-building training, which is an exhaustive exercise, there is
4evident of damage to cell by free radicals. This is due to increase oxygen
consumption duﬁng exercise, an increase in lactic acid pmduction and increases
in inflammatory response during injury and exhaustion. Free radicals are produced
during the normal process of metabolism, this frequently happens tb reducer-to be
water in the mitochondria. However, smai.t fractions (2 to 5%) of the oxygen
intermediates are produced ahd leak out of the eﬂec&rlon transport chain. Free
radicais are highly reactive atoms or molecules that have an unpaired electron in
their orhits. indeed, an intense or prelonged muscle exercise can result in oxidative
injury to lipids, proteins, within myocyies skeleta! muscle {Scott PK and Christiaan
L,1999L‘

Exercise i1s also postulated to generate free radicals by other means,

including 1} increazse in epinephrine and other catecholamines that can produce
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oxyge‘n:adicai%s when they are metaboiicalfy inactivated, 2} production of lactic
‘ acid that can cgnvert a weakiyrdamaging free radical {superoxide) into a strongly
damaging one {hydroxyl), and 3) inflammaiory responses (o secéndafy.muscle
damage incurred with overexertion {Clarkson PK and Thompson HS, 2000).

Free radé;aris are molecules that have an unpéired electron. This makes
them be electrically charged, highly unstable and very reactive;' Free radica;ls. stirip
eiectrons from other molecules in order to restore their own balance. This, in turn,
creates another free radical, which partécipates in a chain reacticn of eﬁec_tron
stripping and free radical perpetuation. The body tissue involved in this process
becomes physically aliered. Thousands of free radical reactions can occur within
seconds, feaving behind a wake of damaged tissue {Debe JA, 1938).

When the body natural defense system against free radical are
overwhelmed by the excess formation of reactive oxygen species {ROS}, such as
superoxide (G, ), hydrogen peroxide (H,0,) and the hydroxyl radical {OH), and nitric
oxide (NO), lead to lipid peroxidalion or specific oxidaiioﬁ_ of some enzymes, or

and protein oxidation degradation {Table 2.2).



4

- Table 2.2 Reactive oxygen species {Marks DB, Marks AD and Smith CM. Basic

medical biochemisiry a clinical approach)

Superoxide anion (O, )

Produced by the electron transport chain and at other
sites. Generates other reactive oxygen species, but

cannot diffuse far from the siie of origin.

Hydrogen peroxide {H,0,)

Not free radical, but can generate free radicals by
reaction with a transition metal {e.g. Fe2+). Can diffuse

inte and through cell membranes.

' Hydroxyl radical (OH°)

The most reactive species in attacking biological

molecules. Produced by H,0, in the presence of Fe’"

Organic radicals (R°)

An organic free radical produced. from RH by OH’
attack. RH can be the carbon of a double bhond in fatty

acid (resuiting in ~C°=C-) or RSH {resulting in R-S%). |

Organic peroxide

radicals (RCOGa)

An organic peroxide radicals, such as occurs during

lipid degradation.

Hypochlorous acid (HOC)

Produced in bateria during the respiratory burst to

destroy invading organisms.

Singlet oxygen {O° %i, )
i

Oxygen with antiparallel spins. Produced at high
oxygen tensions from the zbsorption of energy.

Decays with the release of light.
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‘Reactiye- nygeni‘ species are generated continually as by products of
aerobic metabolism, UV light exposure, hypoxié, poliution and oiher stress (Chao
WH et. al, 1999). Oxidative stress may Encreaée during strenuous physicaf activity,
dﬁe to a 10 tb 15 fold increase in oxygen consumption to meet energy demands,
coupled with a small amount {1%-2%) of "electron leakage” from the electron
transport chain with subseguent direct reduction of molecular oxygen to the
superoxide anion {Chao WH et. al, 1999). This oxidative of cellular components
{oxidative stress) can occur when an imbalance between oxidanis and
‘antioxidants. Oxidative stress occurs under conditions when local antitoxins are
depleted because of oxidants or when the rate constants of the radical reactions
are-greater than the constants of the antioxidant defense mechanisms {Scott KP
and Christiann L, 1939),

Antioxidant defense mechanism

it is now widely accepted that free radical generation is enhanced dgréng
strenuous exercise. This undoubtedly can cause ailterations in pe!iu!ar antioxidant
rsiatus {inal M et al, 2000). The human bedy has an elaborate antioxidant defense
system. Two major classes of endogenous protective mechanisms work together
to prevent harmful effects of oxidants in the cell: 1) enzymatic defenses (e.g
superoxide dismutase, glutathione peroxidase and catalase}, and 2) nénenzymatic
antioxidants (e.g. glutathione} and exogencus antioxidant e.g. ascorbic acid
{vitamin G), a- tocopherol {vitamin E), B-carotene and vitamin A {Table 2\.318593 H,

1991)).
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Table 2.3 Antioxidant defense in biclogical systems

Svystem

‘Remarks

Enzymatic

Superoxide dismutases

GSH peroxidases

Catalase

CuZn enzyme, Mn enzyme _

Se!enoenzyme; non-Se enzyme: some GISH S-
transferases

Heme enzyme; predominantly in perloxisomai

matrix

Nonenzymatic

O-tocopheral (Vitamin E}

Ascorbic acid (Vitamin C)
Glutathione (GSH])
Flavonoids

Chemical

B‘carotene

Urate

Membrane bound; receptor, regeneration from
chromanoxyl radical

Water sciuble

Plant antioxidants, food additives and ‘thioi

compounds {GSH precursors)

Singlet oxygen quencher

Singlet oxvgen quencher and radical

scavenger
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Antioxidan_ts can acg by: 1.)’ removing oxygen or decreasing local

concenfrations, 2.} removing catg!ytic mét.ai ions, 3.) rem@ving key reactive oxygen
' species such as superoxide and hydrogen perdxéde, 4.) sqavenging initiating free

r_a;dicalé such as hydroxy!, alkoxy!, and peroxy! species, 5) breaking the chain of

an initiated sequence and §.) quenching or scavenging singlet oxygen (Gutteridge
| JMC, 1985).

The antioxidant _scavenging enzyme removes superoxXide gnd hydrogen
peroxide. Vitamin E,* vitamin C, and carotenoids, generally .referred to as the
antioxidant vitamins can terminate the free radicals chain reactions. The defense
mechanism of compartmentation refers to separation of species and sites involved
in ROS generation fro‘m the rest of cell {Fig.2.1) (Marks DB, Marks AD énd Smith

CM. Basic medical biochemistry a clinical approach).

Vitamin E

B—carctens

WMitamins C and E
B—carctene

Lysasomes

Cytopiasm

GSH

catatase

sSOoD Vitamin C

giuvtathione

Lipid bilayer- paroxidase

of all cethdar

membranaes SOD +

Vitamin E + glutatathione peroxidase +
GS8H

3 —carotene

Figure 2.1 Cellular defense mechanisms against ROS




Glutathione antioxidant system |

Glutathione is an important water phase antioxidant and an essential
cofactor antioxidant as well as an essential cofactor for antioxidant enzyme. it
provides a protection for the mitochondria _against endog'encus oxygen radicals
{Kidd PM, 2000).

Giutaihiohe is a tripeptide composed of glutamate, cysteine and glycine
that has numerous important functions within cell. Glutathione exists in two
forms; the antioxidant “reduced glutathione” is conventioﬁa”y called glutathione
and abbreviated as GSH; the oxidized form is a sulfur-sulfur-linked compound,
known as glutathione disuifide or GSSG (Fig.2.2).

The GSH/GSSG ratio may be a sensitive indicator of oxidative stress.
G-lutaihione occurs predominantly intracellular in concentrations that,rafﬂges from -
about 0.5 mM to about 10 mM; more than 95% of intracellular glutathione is in the

from of GSH {Anderson ME and Meistor A, 1980)
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Figure 2.2 The giutathione synthesis and structure of GSH and GSSG
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Glutathione {(GSH) is the most important antioxidant of GSH is function to
remove hydrogen peroxide and organic peroxides (e.g. lipid peroxide) and is
catalyzed by the selenium-dependent enzyme forming in water"(Scott KP and
Christiann L, 1989}

Glutathione status is homeocstatically contfol!ed, being continually selif-
adjusting with respect to the balance between GSH synthesis {by GSH synthase
enzymes), it recyciéﬁf from GSSG (by GSH reductase), and its utilization (by
- peroxidases, fransferases, transhydrogenases, and transpeptidases).

That GSH profound importance for celiular homeostasis diverse cellular
functions was essential. It is evident that gﬁutathione regucing power is used in
conjunction with ascorbic acid and othef-antioxidants to protect the entire
s’pectrum of biomo!ecu_!es, to heip regulate their function, and to faciﬁtate the
survival and optimal performance of the cell as a living unit (Fig 2.3}){Meister A,

1994},
Antioxidant/Celi Protection

Protein DNA Synthesis .
Cell Growth, Division

Lsver Conjugation of

Xenobiotics

- Resistance to UV, . .
Leukotriene Synthesis

L ens/cornea Pretection

Regulation of —-SH Enzymes

Figures 2.3 GSH Reducing Power

Metabolic Reducing Reactions
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Life style choices can be fateful, because negative lifestyle factors
(smoking, alcohol consumption, legal or illegal drug use, emotional stress) can
converge with environmental stress o attack the body,through related oxidative

pathways (Fig 2.4)(Kidd PM, 1991).

POOI Toxins Injury
- Potiutants, Ractials :
Dist ( Brgs f on Tgﬂrrga Infaction
\ |
Y ‘L v J
. 00 .'.
R 3; i e g
Incressad Frea Radice

Oxédafiye Szzss

Y

Depietion of Guzathicre
& Oher Antioxiden's

Breakdown of
Homepstasis

Figure 2.4 Celi breakdown related to depletion of GEH

Strenucus aerobic exercise can deplete antioxidant from the skeletal

muscle, and sometimes also from the other argans. Exercise increases the body's

cxidative burden by calling on the tissue to generate more energy. Making more

ATP requires using more oxygen and this in turn results in greater production of

oxygen free radicals. Studies in humans and animals indicated that GSH was




depleted by exercise. The data support ihét strenuous and chronic gxerc.iser
increased antioxidant defense. EVglq CTA et.a!, 1692 _repoﬁed increased bilood GSH
m the first 20 week of training, but these values returned {o initial concentrations in
the next 20 week. In 1992, Sastre J. et. al observed changes in glutathione redox
status in the b%ood after exercise. They‘found that trained men who wére.exercise
to exhaustion on a treadmili had increased biood amounts of GSSG immedi;teiy
after exercise, ‘bl#t the e!gvated values returned to rest within 1 h. Oq the contrary
the amoqnts of bleqq GSH did not change significantly. T_essier F et al, 1895,
.repqrted that blood GSSG increased in response to a maximal aerobic capacity
test, thereby reducing the ratio of GSH to GSSG. In contrast to the previcus
- studies, Duthie GG et. al, 1990 found that erythrocyte GSH decreasred and: GSSG
was unchanged after a hall-marathon. Erythrocytes contain glmathéoné as an
antioxidant to prevent the oxidation of hemeglobin to methemoglobin.

This favorable characteristic makes glulathione perexidase {GPX) an
important celiular protectant against reactivity species mediated damage to
membrane lipid, proteins, and nucieic acids {Scott PK and Christizan L, 1999\

Working together of glutathione as a substrate or cofactor and glutathione
peroxidase as an enzyme in antioxidant_defenée mechanism should provide some
informative values on the antioxidant status In soccer during the trained at
Assumption College Sriracha during the re-building period and after the
competition. Whether these players required any supplement during the exhaustive

training was remained unknown.



CHAPTER il

MATERIALS AND METHODS

3.1 Research Design

The design of this study is an observational study with a longitudinal
method. The healthy young soccer player gave their written informed consent for
- this experimen‘t, which had been ‘approved by the Faculty of Medicine,

Chulalongkron University Committee for Ethics in Human experimentation.

3.2 Popuiation and sample

3.2.1.Population

Thre target population were young Thai male soccer players who were 16-18
years old.

Sample ponulation

The sample population were Thai male soccer players at Assumption
College Sriracha, who were at their senior high school.

3.2.2.Eligibility criteria

inclusion criteria

1. All participants are the soccer players at Assumption College Sriracha,
who have been training for 2 hours per day, 5 days per week, for the
past vear.

2. Do not use drug or chemical during the study period.
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Exclusion criteria

1. Subjects have injury in the training session. -

2. Subjects have fever or acute illness during the training session.

3. Do not complete the training program

3.3 Materials -
1. A weighting scale (Yamato DP-8100GP)
2. A wall-mounted height measuring beard
3. A wet spirometer
4. A scale for flexibility (Will sit and reach)
5. Sphygmomanometer
6. Hand-grip dynamometer
7. Heart rate telemetric set {Polar accurex plus, Polar eletro, Finland} and
Software Anaiysis {Polar Precision Performance 2.0, Raly)
8. UV-visible Spectrophotometer
9, Bicycle ergometry {CORIVA 400)
10. Oxygen and carbon dioxide gas analyzer; Quinton Metabolic Céﬁ: (QMC,
USA)
11. ELISA Reader
12. R‘eag_ent‘ kit f&r glutathione peroxidase (GPx—34OTM, BEOXYTECHR.)
- 13. Standard glutathicne (Glutathione oxidoreductase, EC 1.5.4.2, type
IV;Sigma Chemical Co.,St.Louis;MO)
14. DTNB (5,5'-dithiobis-(Z-nitro-benzoic acid,)
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15. MPA (Metaphosphoric acid,)
16. NADPH (nicotinamide adenine dinucleotide phoéphate)

3.4 Measurement

3.4.1._Data collection
Twenty-two soccer players participated in condétion fraining ﬁrogram. The
data collections were as follows:
Day 1: -Subjects arrived at Exercise Physiology Lab, Faculty of Medicine,_
Chulalongkorn University at 9.00 a.m.
-Sub}gcts were given instructions and signed informed consent.
-Five ml of blond sample were taken from each subject. _{’fs‘ blood
colletion}’
-Physical fitness test were performed.
Day 2: Every subjects participated in the soccer training program until post-
competition
Day 8: 2" biood collection
Day 15: 3" blood collection
Day 16 ~ 31: Subjects were entering the soccer game competitioh at
Ubonrachatani Province.
Day 35: 4" blood collection

3.4.2. Body weight and height

Body weight {(kg) was measured without shoes to the nearest 0.02 kilogram

on a digital platform scale {Yamato DP-6100GP).



Height {c_m) was measured to the nearest 0.5 centimeter by the standardized
wall-mounted height board.

3.4.3. Vital cé.p‘acé‘;ty

' Thé vital capacity .tests were performed when the subject was in the‘
standing position, - He would be asked to fully inhale before wearing the nose clip.
Then he woulid tctailly exhale to a wet spirometeh The observed reading represents
the pulmonary capacity as milliliters

3.4.4. Flexibility

The Sit-and Reach Test was used for the meaéurement of flexibility _
primarily for the lower back, buttocks, and calf muscle. The subject is asked to sit
on the floor with legs extended. Subjects slowly reached forward in an attempt to
project his fingertips as close to the toes, or as further as possible. A ruler
measured the distance between fingertips and toes. The best of two attempts is
scored. If the reference poinft is considered as “zero” and a2 meter stick is used as a
ruler, écores of -30 cm. (fingers not reaching the toes) to +15 cm. {fingers beyond
the toes}) are typicai.

3.4.5. Handgrip strength test

Handgrip strength is a main function of the forearm muscies in addition to
muscles of hand. The subjects should be in the standing position, his wrist and
forearm was at the midprone position on the handgrip. Then he was asked to try

his best to grip the handgrig as hard as possible,



-3.4.6. Leg strencth test

The sdbject was asked to stand in the position that his back was against the"
wall while his kn.ees were bent at 130-140 degrees. Then he had to pull the hande
bar, whric‘;h was between his thighs without using his back muscle. The pulling -
must be siow and vigrorous enough to have thg maximum lead. The ohserved pezk
was recorded as kilograms.

3.4.7. Measurement of oxygen consumption (VO, max)

The actual measurement of VO, is typically performed in Eaboyétory or
clinical settings using a procedure cailed open-circuit spirometry. The open-circuit
spirometry invcives the subject inspiring room air and expiring into a gas
collection and measurement system. Aside from a breathing valve with
mouthpiece (which provides unidirectional flow}, a nose clip {which ensures that all
' gas exchange take place at the mouth), and tubing involved in such a system, there
are three basis pieces of equipment that are necessary.

B A device that measures the volume of expired air (V) or inspired air {V,}
over a fixed period of time, such as a dry gas meter. This volume must
then be corrected to standard temperature and pressure, dry (STPD)
conditions, that is, the volume which would be present if the prevailing
ambient conditions was 0°C, 760 mmHg barometric pressure, with no
water vapor pressure

¥ An oxyglen analyzer, which measures the fraction of O, in the expired air

(F. Q,)



B A CO, analyzer, which measures the fraction of CO, in the ex@ired air
(F. CO,)

These ,indiv.idual pleces of eguipment, or similar devices,_‘are‘ often
integrated and interfaced with a computer in commercially available metabolic -
_uniis, The fractions of O, and CO, in the inspired air are constani and known (F,
Cf—. 0.2093 (20.93%) and F, CO,= 0.0003 (0.03 %). VO, (in the same u-ﬁits as V)

(ACSW's Guidelines, 1995).

3.4.8, Measuremen_t. of exe_rcise intensity {ACSM’s Guidelines, 1995 and McArdle
WD,
Katch FI and Katch VL, 2000)
intensity and duration of exercise determine the total caloric expenditure
during a training season, and are integrally related. Intensity reflects the activity’s
energy requirements per unit time and the specific energy systems activated. One
can express exercise intensity in several ways:
_ ®  As a percentage of VO, max
¥ As a particular heart rate or percentage of maximum heart rate
®  As calories expended per unit time
B As a particular exercise !evei or power cutput
¥ Asa fevel qf exercise below, at or above the lactate threshold

B As muitiple of resting metabelic rate (METs)

3.4.9. Measurement of heart rate d‘uring the condition training program by

electrocardiograph {ECG} recorder
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. The ECG of each subject was recorded at 1 minute:intewal during training
using Polar Accurex Plus {Polar electro, Finiar_ed). The equipment cpnsisisf‘. of’
electrode - belt with a transmitter, which records ECG and séndlsigna!s to a
_receiving watch incorporated with a microprocessor. The data stored in the wa{ch
transferred to the computer in order to be procgssgd by the computer interface.
- The average heart rate at different training interval was used to calculate the

exercise intensity.

3.4.10. Bliood total glutathione assay
Five milliliters of whole blood sample were collected via puncture from the

antecubital vein and immediately transferred to chilied heparinized glass tubes.

immediately after collected, a sample of 300 LUl was deproteininziation with four
volumes of ice-coid 50 g/L metaphosphoric acid (MPA). After 10 to 20 min, acid
extracts were obtained by centrifugation at 13000 g for 5 min. The MPA exiract was
, aiiq.uot;ed, into cryovials and strored at -20°C. The control samples were stable for
at least 1 year (Richie JP, Skowronski L., Abraham P and Leutzinger Y, 1886).

~The assay buffer (Richie JP, Skowronski L, Abraham P and Leutzinger Y,
1996} consists of 100 mmol/l. NaH, PO, and 5 mmol/l. EDTA adjusted to pH7.5 with
NaQH. The solutions of 1.26 mmol/L 5,5-dithicbis-(2-nitro-benzoic acid}{(DTNE]},

0.72 mmol/L NADPH, and 2.5 kU/L glutathione oxidoreductase were prepared in
assay buffer on the day of use. The DTNB solution was mmintainedai room

temperature and the NADPH and glutathione reductase solutions were kept at 0-

Q

4°C.
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~Just before analysis, theMPA extracts were diiuted 20 fold in assay -buffer.
Thenr, 50 LU of each working calibrator or diluted sample e%trac’t wés added to each
‘weH of a flat-bottomed 96 well mizrotitéi plate. Both calibratbr and samp!e wére
analyzed in duplicate in adjacent columns of wells. Using an eight-channel pipettor,
then added 130 Ll each of assay buffer and adding 20 LU of DTNB sciution ;to each
well plate. The rate of éhange in absorbance at 405 nm was monitored with 96 wel
plate reader.
GSSG represents only a small percentage of total ab_id_-sotubﬂe {free}
glutathione. The resuits were presented as GSH+GSSG {IGSH) and expressed in
units of GSH equivalents. |

3.4.11. Ervthrocvte glutathione peroxidase assay

Erythrocytes were promptly separate from the plasma by centrifugation at
5000 g and the buffy coat was aspirated. The erythrocyies were washed three
times with isotonic saline, and hemolyzed by diluting four folds with water. The
samples were freezed a.ﬁ -70°C before analyse (Pleban PA, Munyani A and Beachum
J, 1982).

The reagent kit of glutathione peroxidase assay (GPx-349Tﬁ} is the pmduct
of BIOXYTECH™ . It Composes of one bottle of 120 mf assay buffer; 0.05 M Tris-HCL
and 5 mM EDTA, pH 7.5. NADPH was restored in assay buffer to the desire volume
on the day of use and should be discarded at the end of the day. Tert-butyl

hydroperoxide substrate was diluted 1/10,000 in deionized water and set in a dark

centainer on ice. it should be made fresh each day.



Determination ofglutathione peroxidase activity; -

Thé frdzen hemolysate was brought to 4°C on ice and diluted the sampie by
assay buffer, typically 1/10 in assay buffer. Using pipette to radid the fo?ioﬁing
reagent info a 1.5mi cuvette; 350 M assay buffer, 350 [ NADPH, 70 [ii sample and
350 LU of tert;butyl hydroperoxide. The solution was gently mﬂxed by pip.etting‘up
and down twice. Turn on srpectrophotometer set to measure absorbance at 340 nm
and set the assay temperature recommended 23-25 °C. The phang‘es irn absorbance
at 340 nm were recorded interval for three minutes in order to caicuiate the eﬁzyme
reaction rate. The first 15 seconds of the reaction {(after adding substrate) should
bé e%cfudg from data analysis as the rate may not be representative of the enzysﬁe
activ‘ity due to sample mixing.

4. Data Analysis

The results are reported as mean and standard deviation {SD) calculated by
conventional procedures. Ali data were analyzed using the Statistical Package for
the Social {SPSS Version10.0). When data did not follow the normal distribution,
the Fried:rﬁan tes‘it- was used to data s§gnifi,cant and Wilcoxson test was used to
compare the differences. The differences at significance level of p< 0.05 were

considered to be significant.
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CHAPTER IV

RESULTS

4.1Characteristics of subjects

The physical characteristics of subjecis in this study group wefe comparad
with the reference group reported by Sport Authoréty of Thailand, 2000 at the same
age and sex. As iisted in Table 4.1. They were the same weight {6115.83 kg) and
height (?68i4-.;§-9 crﬁ). Average heart rate at rest was 67.541?0.06 beats/min. The
means. an.d‘ standa.rd déviations of other characteristics were as follows: systolic
.b!ood pressuse v;as 110110.23 mmHg, diastolic blood gres.s.ure wés £8.48:15.83
mmHg, vital capécity wés 57.1615.61 mi/kg body weight, leg -;trength was 310.05
kg/ kg body weiéht, héndgrip strength was 0.6810.01 kg/ kg body weight, ﬂexibéiity
wasr13.7?i‘?;(}8. cm anrd ma)-cimum oxygen uptake (VO, max) ';ova;s 56.03i12.10

milka/min.

4 2 Effects of condition training on glutathione antioxidant

4.2.1 Reduced glutathicne {GSH) assay

Blood reduced giutathione {GSH) concerntrati_on of each subject over the
entire study period is shown in Tabie 4.2. The GSH level si‘g_niﬁcanﬂy decreased
after ﬁrst week of training when compared to pre-training. However this went bac) 7
to be the same level as the pre-training in the second week of training session and

4 days after the competition (p< 0.05) {Fig 4.1).



34

4.2.2. Erythrocyte glutathione peroxidase assay

Glutathione peroxidase {GSH-PX) concenirations are shown in Table 4.3.
The data reported were the GSH-Px values per gram of hemoglobin {Hb). The GSH-
Px activities also decreased after the first week of training when compared to those

in the pre-training. Hdwever, this went back to be the same level as the pre-training

in the second week of training and post - competition (p<0.05) (Fig 4.2}.

4.3 C!gssiﬁcation of condition training program by heart rate

The exercise intensity of each physical activity in soccer game was
continuéus!y varying. The exercise intensity, which was expressed as percentage
of maximum heart rate, was used to determine how hard a player did as weli as
evaluate the achievement of the aim of fraining program. During the condition
training activity, heart rates were monitored by a cardiotachmeter (Polar Accurex
Plus monitor} for measurement of the 1 minute interval of heart rate in drilis. The
heart .rate data were used for analyzing intensity of exercise throughout the
program. The .data are demonstrated in Figure 4.3 and 4.4. The condition training
program included foliows; 15 min warms up, 20 min basic technical, 20 min small
size game, 20 min tactical, 30 min 11:11 game and 15 min cool down. The average
heart rate of the condition training period was 134.44F 8.86 beats /minute, which
included warm up (118.37111.18 beats /minute), basic technical (132,98i;15.05

beats /minute), small size game (130.48110.41 beats /minute), tactical



(141.14122.75 beats Imiénuie), 11:11 game (14&.10";‘29.81 beats Viminute), and cool
down {148.601 27,16 beats / minuie}. |

The condition training program was cﬁassiﬁed_ as ti-ie moderaté‘exérgise.
intensity since the average heart rate was 134.44i8.86 beats Iminutg which was

66.5% of maximum heart rate



which was reported by Sports Authority of Thailand*

Table 41 The physical characterictics of subjects compared to the reference group

Characlerictics

Subjects {n=22)

Reference (n-‘-"? a4 -

Ages (years) 17-18 17-18
Sex Male Male
Weight (kg} 61({5.83} 58.44{11.36)
Height {cm) 168(4.19) 168(6.71)
Heart rate at rest {beats/min) 67.54(10.06) 78.32(10.53)
Systolic biood pressure (mmHg) -11%(19.23} 115.52(12.03)
Diastolic bleod pressure (mmHg) 68.1 8(5.83) 73.49(9.13}
Vital capacity {mikg) 57.16(5.61) 53.43(3.50)
' Leg strength {kg / kg body weight } 3{0.054) 2.24(0.052)
Hand grip strength {kg / kg body weigh 0.68(0.007) 0.73(0.12)
Flexibility {cm) 13.??(?.@8) 12.54(7.54)
Maximum oxygen uptake 50.03(12.10) 4563(8.98)

YQOamax (mifkg/min)

Data are expressed as mean (standard deviation)

* = Sports Authority of Thailand




Table 4.2 Blood re,duced)g!_utathione level {limole/L} in subjects taken at -

pre- training, 1st week of training, 2nd week of training and post-competititon

NG Pre- training First week of training |Second week of training|  Post-competition
1 568.5 368.5 574.5 304.5
2 632.5 362.5 461 969.5
3 710 70.5 465 775.5
4 783 105.5 461 950
5 21 77 461 305
& 816.5 71 461 111
7 265 180.5 508 808
3 410 101 461 461
g 612.5 367 461 408
10 822.5 213.5 451 898.5
11 690.5 114.5 509 770.5
12 745 77 637 486.5
1 679.5 164 288 310.5
14 146.5 93 544 664.5
15 635.5 301.5 564 180
16 4255 77 502 358
17 76.5 318.5 367 824
18 1145 568.5 611 272.5
19 439 ' 632.5 526 537
20 699.5 710 482 603
21 815 783 401 535
22 733 210 596 317
Mean 538.25 271.2 495.52 556.65
SD 260.6 222.17 84.09 260.87




Table 4.3 Erythrdcyte glutathione peroxidése activity per gm hemoglobin at

pre-training; 1st week of training, 2nd week of training and post-competition

NO. Pre-training First woek of training |second week of trainihg Past-competition
'R 22.52 1.75 43 23.32
2 33.52 15.79° 35.65  10.62
3 27.61 38.91 31.54 21.64
4 39.04 238 35.65 21.86
5 35.99 23.07 35.65 3262
€ 39.98 20.32 35.65 A1.85 -
7 55.91 54.22 19.45 33.29
8 19.19 26.72 35.65 15.74
9 26.23 13,55 35,65 18.14
10 33.28 18.8 35.65 40.23-
11 44.97 26.23 20.92 1.86
12 35.44 - 27.78 29.15 32.14
13 55.39 29.26 22.58 40.7
14 40.81 40.32 36.32 27.76
15 41.23 24.27 49.85 21.86
16 49.35 29.26 42.27 48.1
17 57.57 50.56 53.05 72.15 .
18 41.23 36.07 30,61 37.44
19 24.05 23.77 28.06 56.6
20 41.71 12.68 30.12 32.06
21 26.96 19.19 33.3 27.69
22 76.09 87.45 64.58 54.8
Mean 39.46 29.26 35.65 33.29
SD 13.21 18.66 12.72 15.28
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Figure 4.1. Reducsed glutathione level (umol/L} in subjects at pre-training, 1st week of trainin

2nd wesek of training and post competiticn
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Figure 4.2. Erythrocyte glutathione peroxidase activity per gram hemoglobin at pre-training,

Tst week of training 2nd week of training and post competition

|
50
3
T
i £
‘ o 40
L2
2
*J =
9 30
‘; @ |
i =2 |
= -
L
©
a
2
o 20
.é
a
=
(@]
a
> ,
g 10 -
<
Ve
[ER]
O B e B UL et
Pre-training 1st week of training 2nd week of training Post competition
TIME

= Significant difference p < 8.05

NS = No significant difference



- Figure 4.3. Mean (SD) of heart rate responses of condition training program
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CHAPTER V.

DISCUSSION

The characteristics bf 22 soccer plavers of Assumptl;on Coliege Sris‘aﬁ:ha
with average age of 17-18 vears olrdr were combéred to the reference group (Sport
Authority of Thailand, 2000) with the same age range and sex. Most of the studied
characterésticé were comparable such as weight, height, handga;ip streﬁgtﬁ, bid(:;d
pressuré, vital capacity, and flexibility. The anthropometric paran;etérs that showéd
slightiy diﬁérent were heaﬁ rate, VO,max, and leg muscle strength (Tabie 4.1}). The
studéecﬁ g%oup heart rate (67.54+10.06 beats/miﬂ} was lower than the reference
group (78.32110.53 beats/min) because of different life style. In addition, the
maximum oxygén consumption {(VO,max) of the subjects {50.03112.10mi/kg/min)
was higher than those of the reference group’s (45.6019.98 mifkg/min}. The aerobic
training for endurénce in the soccer athletes enhanced the function of respiratory -
cardiovascular system in order to increase more oxygen transport te muscle cell
for use during work or exercise. Helgerud . et al reported the in%:rease of VO, max
from 58.1%4.5 .mélkgimin to 64.3 £3.9 ml/kg/min in18 years old soccer players. They ‘
were irai-ned at 90-95% VO, max for 4 min and running at 50-60% VO,max for 3 min
whereas there wés no ohserved significant differences in the control group who
were trained twice a week. The observed leg muscle strength in soccer players in
our studies {3.00i0.0574 kg/kg body weight) was higher than'those of the reference

group’s leg muscle strength (2.24 * 0.052 kg/kg body weight). Therefore, the



cpntinuing .condition_traénmg.with the appropriate exercise intensity was i-he factbr
- that affects.thé e_&thletes’ physical fimes.s.

The increase in-oxygen consumption which invoWed in the exhaustive
physical exerci‘se.causes changes in the celluiar redox in muscle, liver, and blood
of rats (Lew H, Pyke §, éna Quintraniiha ,1885). Aerobéc cells, especially .muscle
celis, rare subjected to oxidative stress which is defined as a disturbance in the
prooxidant and antioxidant balance in favor of the former. A major intracellular
antioxidant system that prevents cell damage from oxidative stress is the rédox
cycle of the glutathione. Reduced glutathione (GSH} protects cells against
cxidative damage caused by free radicals (Vina J, 1990).

The aim of this work is to determine whether the exhaustive phy;ical
exercise in re~building soccer training pregram as well as the season ‘activity
causes oxidative stress. Blood samples were taken at prg-&raining, 1" week and 2™
week of training and post-competition. The results showed that blood reduced
glutathione was significantly decreased after the first week of training program and
restbred to the pre-training level in the post competitéon. Previcusly, Gohil K et al,
1988 reported the effect of O, utilization on the glutathione antioxidant system in
bicod. They demonstrated that a prolonged submaximal exercise decreased biood
reduced glutathione levels from 0.4 mM at rest to £.15 mM during the first 15 min of
exercise, which was accompanied by a corresponding increase in GSSG ievels.
These changes are confined to the blood cells, most likely in the erythrocytes.

~ Plasma GSH and GSSG were not detectable at any time point. This can be
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explained by the very low concertration in plasma in humans (<0.01 fnmo!lL). This
result is consistent with the observation of -Gdhi! et al. and Dufaux B et.al in 19‘96
that studied the changesrof bieod glutathione status of ‘[ZImoderaieiy trained
‘subjects after a 2.5 h run. The data showed that the blood glufaihione returned to‘
pre-running baseline ievels after one day of bost-e.xercise. Sastre et al 1992
founded that blood GSH ievgls decreased within 30 and 60 min after ah exercise
bout. They also specuiated that the decreasé in GSH levels after the exercise may
be due to an inhibiti‘on of GSH synthesis aftributed to adrenergic s‘timuiaﬁon of
stress. The depletion of this antioxidant system after the exhaustive exercise may
help to expizin the secondary or delayed onset injury to cells caused by free.
radicals after physical exercise {Davies KJA, Quintaniha AT, Broocks GA, and
Pecker L., 1982).

The reduced form of glutathione is a substrate of glutathione peroxidase,
which is invoilved in the decomposition of hydrogen and lipid peroxides. in this
study, the chénges of erythrocyte glutathione peroxidase activity in subjegts' blood
taken at the same time as bleod red.uced glutathione showed the same pattern of
changgs as reduced glutathione levels. There was a significant deérease of
glutathione peroxidase level in the first week of training and s!owly restored to the
base line. Mena P et ai (1991) compared the_erythrqcyte giutathione peroxidase in
sedentary subjects, amateur bicycle racers and professional bicycle racers. The
study showed that the activity of gEutaihiqne percxidase in professional cyclist

under resting condition wés significantly higher (p<8.01) than those in both
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sedeniary sﬁbjects and amateur cyclists. The enzyme activities were not modified
' significantly .aft.er a bout sf"exercise of 22 km iﬁ 5 hr. Therefore, the aerobic
endurance training at the professional "level produces an increasé in the
erythrocyte activity of the free radicals scavenger enzymes, - glutathione
peroxidase. The increase in this enzyme activity was also founded in mice
~ submitted to a 21-week swim training program. On the contra‘ry_, Ohno H et ai (1836)
reported the ﬁnding that there was a siightly reduced of erythrocyte giutathionel
per‘bxidase activity in sedentary students after a brief (30 min) physical exercise.
This ‘iétcoésisfent with this study that demonstrated the slightly decrease of
giutathione perokidase activity in the amateur soccer players at Assumption
College Sriracha after one week of training in the re-building prégram.

The exercise intensity of the soccer condition ifainin-g‘ program used in fhis
study group was also analyzed. The program, which was two hours trainﬁng per
day, five days per week inciuding 15 min warm up, 20 min basic technigue, 20 min
small game, 30 min tactical techrﬁque‘, 20 min full game-éad 15 .min cool do@n.'The
average heart rate of the entire training program was 134@&&3,8.6 beats/min which
was 66.5 % of the maximum heart rate. Therefore, this program was considér_ed to
be the moderate intensity exercise. The young soccer piayefs who performed a
proionged moderate exercise would have én increase in oxygen censumpti‘on and
a consequent oxidative stress, which was a rise in the production of reactive
oxygen species. Brites FD et al ¥1999) demonstrated that a group of young soccer

players engaged in a regular physical training program showed increased total’
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antioxidant capacity values, ascorbic-acid, uric acid and alpha-tocopherol leveis
and superoxide dismutase. The training program in. this study also caused the
production of oxidative stress which was responded by the changes of glutathione
antioxidant status. The blood red'uced glutathione level and erythrocyte glutathione
peroxidase activity were decreased after the ﬁrst week of training acéordéng to the
overloaded’ training program. In order to avoid this oxidative sfress in young -
soccer players during the re-building period, coaches or trainers should consider
to slowly increasing the training intensity at the beginning of the re-building period.
After the ﬁrét week of training when players can adjust themselves to cope with the
cxidative stress, then the training could be increased tc higher‘intenséty without

any potential harmful effect.
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