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CHAPTER |
INTRODUCTION

Soccer is classified as a high intensity intermittent team sport (Bangsbo, 1994;
Cameron et al., 2007). During a 90 minute game, soccer players encounter numerous
explosive bursts of activity, such as, jumping, kicking, tackling, turning, sprinting,
changing pace and sustaining forceful contraction to maintain and control of the ball
against defensive pressure (Bangsbo, 1994 .Reilly and Williams, 2003). Exercise
intensity in soccer closed to that observed dusng marathon running (70% — 80% of
maximal oxygen uptake) (Bangsbo, 1992; Helgerud, Engen, Wisloff et al., 2001; Reilly
and Williams, 2003; Van«@Gool" 1938). Following competitive soccer match play, an
average intensity was clesed.o the anaelrobic threshold, being 80% — 90% of maximal

heart rate (HR__) or 70% — 80% of ‘maximal oxygen uptake (VO,,. ) (Helgerud, 2001;

)
Reilly, 1994; Van Gool, 1988) /Average bld'pd‘iactate concentrations of 2 to 10 mM have
been observed during soccer, matche;s“',}_. (Bangsbo, Laia and Krustrup, 2007).
Nevertheless, the findings of high bleod Iac.il’.wfte. concentrations indicated that the rate of

muscle lactate production was high during mateh play (Krustrup and Mohr, 2008).

o gt

Although there have been 'm.“any team sport simulation protocols designed, there
are none that have ihth]d@d—and—CDTnpretely replicated the intensity (HR, VO, ),
duration, distance, ba‘II—ékiIIs work, movement patterns and éeneral soccer skills that are
required or observed m a soccer match. Most studies have replicated only a few of
these qualities in their protocols. William, Abt and Kilding (2009) has come out with a
field-based simulated protocol which was composed of different repeated sprint test, as
well as, la“sport-specific perfarmance measure’ (i.e:/90: minutes! of [soccer-specific
intermittént exercise). It had categories of activity during soccer match-play (i.e.
walking, jogging, cruising submaximally (striding), sprinting, moving backwards and
moving in possession of the ball). They named this protocol as “Ball-sports Endurance
and Sprint Test protocol or BEAST”. This protocol was used in this study.

The interactions between physical activity stress and the immune responses

provide a unique opportunity to evaluate the role of underlying stress and

immunophysiological mechanisms. It has been suggested that exercise represents a



quantiflable model of physical stress (Hoffman-Goetz and Pederson, 1994). Gleeson et
al., (2004) showed that intense exercise, heavy training and competition leaded to upper
respiratory tract infections (URTI). Changes in the numbers and types of cells in immune
system were also reported (Castell, 2003; Hoffman-Goetz and Pederson, 2000; Malm,
2004; Nieman et al., 1998).

Effects of exercise on immune function could either be positive or negative.
Nieman et al. (1998) showed relationship. of exercise intensity and infection risk that
moderate exercise stimulated immune function. However, prolonged high intensity
exercise was impaired immune function and'inereased the rate of infection. Therefore,
exercise enhances or reducessimmune v?unction, depending on its frequency, duration,
and intensity (Malm, 2004s L agranha et al’.” 2004). Exereise-induced leucocytosis can be
attributed mainly to peutrophilia’ and J"to a lesser extent to lymphocytosis and
monocytosis. After prolonged exerc“ilse, Iéﬂt]cocyte numbers may decrease below the
numbers at rest. The source of i'eucocgbteé: appearing in circulation after physical
exercise can be blood vessel walls,lung, g!adé,trejntestinal tract and spleen (Malm, 2004).

Alterations in metabolism"""and rj‘;é"t_at{olic factors contribute to exercise-
associated change in immune:’fun-ction. In—280J7J Gleeson demonstrated that immune

function was depressed after “each high”iﬁféﬁ‘sity exercise due to decreases of

glutamine in bIood.}F‘éeﬁJctions in plasma glutamine Cdﬂ"géntrations due to muscular
exercise have been hy-pothesized to influence Iymphocyte function (Newsholme and
Parr-Billings, 1990). Altered.plasma glucose has also been implicated in decreasing
stress hormone‘levels and thereby influencing immune function (Nieman and Pedersen,
1999). Furthermore, free oxygen radicals and prostaglandin released by the elevated
number,of neutrophilskand monacytes may;influence the ‘functionyof lymphocytes and
contribute to the impaired function of the later cells. However, glutamine is used at a
high rate by lymphocytes and macrophages. It is oxidized as a fuel and for the synthesis
of DNA and RNA (Venkatraman and Pendergast, 2002). Thus nutritional
supplementation with glutamine, carbohydrate, antioxidants or prostaglandin inhibitors
may in principle influence exercise associated immune function (Pedersen and

Hoffman-Goetz, 2000).



The supplements in the immune response and infection on high intensity and
prolonged exercise include zinc, glutamine and vitamin C. Glutamine is the most
abundant free amino acid in human muscle and plasma and is utilized at very high rates
by leucocytes to provide energy and optimal conditions for nucleotide biosynthesis.
Prolonged exercise is associated with a fall in the plasma concentration of glutamine
(Gleeson et al., 2004; Kargotich et al., 2005). Previous studies have been suggested
that glutamine supplementation increased, plasma glutamine concentration and hence
glutamine might prevent leucocytes apoptosis: after intense and prolonged exercise
(Krzywkowski et al., 2001). In addition, glutamine improved a response of immune in
immunity by increase ammaonia-removal f?om muscle (Lagranha et al., 2004; Cameron et
al., 2007).

Even so, high iniensity and prolorli‘ged exercise influences to change in number
of leucocytes and induce fatigue.‘vThus;llqutamine supplementation might prevent
changes of leucocytes @s immune sys%eﬁi, reduce fatigue and improve athletes
performance. 2

Therefore, the aim of this study focdé‘é_dpn effects of glutamine supplementation

o= s i

on leucocytes number and fatigue after simu{a’teb soccer matches in Thai youth soccer

i
8 J oy
o el

players.

1.1 Research Question

1. Does glutamine supplementation induce changes of leucocytes
number after simulatedisoccer mateches|in Thai youth soccer players?
2. Does glutamine supplementation. decrease fatigde after simulated

soccer matches in Thai youth soceefplayers?

1.2 Objective of this study
To investigate the effects of glutamine supplementation on leucocytes

number and fatigue after simulated soccer matches in Thai youth soccer players.



1.3 Assumptions

1. Glutamine supplementation induced changes of leucocytes number
after simulated soccer matches in Thai youth soccer players.
2. Glutamine supplementation decreases fatigue after simulated soccer

matches in Thai youth soccer players.

—— ‘
| Simi |at$oc Cer-matches

1.4 Conceptual Framework:

—

Leuoocytéyn peripheral organ .
_ a o
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Figure 1.1 Conceptual framework
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1. The result of study may not be refered to the general population in all
ages or the other kinds of sports/ exercise.
2. Mental fatigue and relaxation of participants could not be controlled.

3. The number of subjects is limited.



1.6 Operational Definitions
1. Glutamine supplementation is the drink containing 100 mg glutamine
per kilogram body weight in 500 ml water.
2. Placebo is the drink containing 500 ml water.

3. Leucocytes are white blood cells including neutrophils, lymphocytes,

monocytes, eosinophils and basophils.

1.7 Expected Benefits of
1. To gain.knowledg : 2 glutamine supplementation on
leucocytes number and fai ula SO atches in Thai youth soccer
players. | ‘
2. To ical performance of soccer
players in simulated mé
3. The r of -__i§ “ ‘% @« orovide some suggestions for future
research on glutamine ang : ine \ Se.

s

4
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CHAPTER I
REVIEW LITERATURES

Soccer is probably the most widely practical sport in the world and its popularity
is continually to increase. It is considered a physically demanding sport, which required
a high degree of technical skill, strength, agility and endurance. Exercise intensity in
soccer ranges from standing, walking, and sprinting (Helgerud, 2001). It is estimated
that the mean distance covered during the game about 8 — 13 km (Bangsbo, 1991;
Helgerud, 2001; Reilly and Williams, 2003y Withers, 1982) at an average intensity
comparable to that was observed duriiwg marathon running (70 — 80% of maximal
oxygen uptake (VO,,..)). Bhis clioses to the anaerobic threshold or the lactate threshold
(LT) which is equivalenito 80" +90% ofil‘maximal heart rate (HR ). (Helgerud, 2001;
Reilly, 1994; Van Gool, 1988). During a Q‘lelénin game, the overall distance covered by
outfield players consists 0f 24% Walkind} 36% jogging, 20% cruising submaximally
(striding), 11% sprint, 7% moving, b‘ackwa'ri_éi__s_ and 2% moving in possession of the ball

(Reilly and Williams, 2003). F/A

2.1 Soccer simulation protocols - N
2.1.1 Lab-based soccer_simulation protocols

Drust, Reilly and Cable (2000) designed a socceréépecific protocol performed
on a motorized treadmill. Seven male university players were recruited for this study and
each visited theflabaratory-ensthree jseparatenoccasions «six ,days apart. The soccer-
specific intermitient protocol consisted of different exercise intensities observed during
soccer.match-play (e.g~walking, jogging; cruising.and, sprinting, ete). Fhe proportions of
activities.incorporated were' similar to“those"reported” by*Reilly and “Fhomas, 1976. A
recovery period was also included in the protocol, in which the subjects stood stationary
on the treadmill for 71 s. The speeds chosen for all subjects for each activity were as
follows: walking 6 km.h"', jogging 12 km.h"', cruising 15 km.h™", and sprinting 21 km.h"".
The total duration of the test representing one half of a soccer match was 46 min 11 s.
The protocol consisted of two 22.5 minute cycles separated by a static recovery period

of 71 s. Each cycle integrated 23 distance bouts of activity: six bouts of walking, six



bouts of jogging, three cruises, and eight sprints. Mean HR for the protocol was
168 + 10 b.min”' (~83% HR__).

In a similar study, Abt et al. (2003) designed a non-motorised treadmill test to
replicate the speeds of team sport activity (especially that of soccer). Five male
recreation team sport players followed an activity profile on a monitor placed at eye level
which displayed a target speed together with their current speed. The players were
instructed to change speed by audio bleeps and verbal commands generated by a
computer over two 45 minute “halves”. During.the 90 minute protocol players walked
37%, jogged 24%, ran fifty percent of maximum _14%, and ran seventy percent of
maximum 4%, sprinted 3% and stood ;tationary 18%. Players covered a mean total
distance of 10196 + 403 i«

Thatcher and Batterham (2004)i|‘used six male professional English soccer
players to run a soccer-spegific exéfciseig)..'lrotocol (SSEP). The SSEP consisted of two
bouts of 9 x 5 min repeated cyclgs on a noﬁf;m—r‘riotorised treadmill, separated by at 15 min
rest period (half-time). Allf subjects Weré“:'fgiven a visual cue via a computer that
displayed both the target speed and tread}ﬁﬂm speed. The distance of the SSEP (9924
m) was similar to that observed "durinng an EnghsJF] premier soccer match (9741 + 882 m
to 10274 + 609 m). Mean HR responses:in t;Hfé':S“'S_EP were: first half: 166 + 13 bpm and
second half: 166 + 11-0pm. ,

One clear advran'tage that Abt et al. (2003) and Thatcher et al.” s (2004) protocols
had over the protocol désigned by Drust et al. (2000) wasrthat they were both performed
on a non-motorised [treadmill, hotronla motorised: treadmill. 'Subjects using a non-
motorised treadmill can change speeds at their own pace, which can make it easier for
researchers, coaches and-trainers to obsenve a fatiguing effect within‘the subjects over
the course of the protocol. The target speeds can also be reached a lot quicker when
using a non-motorised treadmill, as there is sometimes a long time delay when changing
speeds on a motorised treadmill.

Another advantage that these two studies had over Drust et al. (2000) was that
total distance covered during the protocols were both similar to the distances covered

during a soccer match (Bangsbo and Lindquist, 1992; Bangsbo et al., 1991; Helgerud
et al., 2001; Krustrup et al., 2005; Mohr et al., 2003; Rienzi et al., 2000; Thatcher and



Batterham, 2004; Van Gool et al., 1998: Withers et al., 1982). However, it should be
acknowledged that Drust et al. (2000) did highlight their protocol was designed to
represent one half of a soccer match (~45 min). It is unknown if Abt et al.” s (2003)
treadmill protocol had similar mean HR values to those found in a soccer game as they
were not reported. Drust et al. (2000) and Thatcher et al.” s (2004) protocols both had
similar mean HR values to those previously found in soccer matches (Ali and Farrally,
1991; Bangsbo, 1994b; Krustrup et al., 2005; Krustrup et al., 2006; Mohr et al., 2004,
Strayer et al., 2004; Thatcher and Batterham,2004; Van Gool et al., 1998).

One positive aspect of lab-based soceer-specific protocols is that they can
replicate the speeds and distances foqu‘1d during.a soccer match. Consequently the
physiological load is speeific to'asoccer game. Standardization of the lab environment
(consistent air temperattre, shumidity, éarometric pressure etc) is another positive
aspect of lab-based intefventions. AvcleaF_dllllimitation of all three lab-based protocols is
that no reliability studies of validity étudiesﬁf;ha‘\"/e been undertaken on them; therefore we
cannot determine the amount of efror presé;it-in_jeach protocol.

However, one study: by Hughes,v';be_herty, Tong, Reilly and Cable (2006)
examined the reliability of repeated nsprint exéfr_;:e??ge in non-motorised treadmill ergometry
and found maximal speed was highly reIiaBiré":(C'f\/ =2 75%). Due to these tests being
performed on treadmilis; Subjects were restricted to straightﬁlline running only; therefore
no agility/ change of difection movements or ball-skills were performed throughout the
test, which are major cHaracteristics of team sports, espeéially that of soccer, and these
are likely to change the demands ofithe task and the-effect on muscle fatigue.

Another example of lab based, protocol was designed by Sugiura and Kobayashi
(1998)..They Usedw ay cycle “ergometry (protocol to “determine e ‘effects on sprint
performance of glucose and fructose ingestion during a 15-min rest period half way
through 90 min of intermittent exercise. The procedure of protocol following: subjects

cycled at 60 rpm to adjust 65% of VO and then sprinted for 30 s at 90 rpm to

2max

maintain 100% of VO every 2.5 min. After 45 min of intermittent exercise (the first half)

2max
was over, they took a 15-min rest and were instructed into the second half of exercise
(Figure 2.1). This protocol used a 30 second high intensity sprint for every 2.5 min which

would be highly exhausted for the leg muscle to finish the protocol.



Wingate Test
{40sec)

A0-5 sprint
100 Forpm

2nd half (45 min)

15 min 30 min 40 min

ir, BS, blood sample; BG, blood

glucose; [s ‘ t fill], warm-up; [dotted square],

periods, subjects folloj “an outlined d a analty area of a soccer field.
Players ran 40 m forward 8 25m backwards 8.25 m forward and then through a 120

degree angleﬁu Ejzefg‘ %ﬂ}aﬁﬂhﬁ Wﬁ@ﬂﬁhe centre of the circuit,

and 8.25 m sideways while facing the centre of the circuit. Durrng the low-intensity
o TRY YT MR TIN B TE L
position ithey reached at the end of the previous high-intensity period. Despite the
soccer-specific movements involved in this study (high and low-intensity running,
backwards movements, agility etc), there were still no integrated ball-skill activities
(such as shooting, passing etc), any reported replication of soccer match distance or

duration.
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Figure 2.2 Bangsbo's Intetval Field Test J '

o

Muller, Kornex and L eienstorfer (’1"@9,2) designed a similar soccer-specific

'y d denr Jd
endurance protocol to that of Bangsbo and;LFrjdquist (1992), which was based off a

45 ]

previous design by Binz (1986 The protocol hiad a total distance of 205 m and took

approximately 76 s pér‘lép, for a total duration of 10.08 minviljtes. The protocol included
jogging, sprinting, walki_ng, jumping hurdles (80 cm), and backwards running. There
was also sprinting withrﬁsoccer balls and shooting accuratcy integrated which made the
protocol more séccersspecific; howeverino agility'movements (i.6. slalom movements) or
jumping movements were performed.(unlike Bangsbo and Lindquist’s protocol). Muller
et al. (1992) did weil to réplicate many: of ‘the ‘movement patterns«and skills found in a
soccer game, as every movement pattern performed had a time limit. For example,
subjects had to walk 20 m in 13 s; jog 40 min 12 s; and sprint 13 min 2 s, etc. This idea
was supposed to control the pace of the subjects, however the authors did note there
was a limitation of this, stating “the planned running intensity and time were not exactly
maintained during the test”, possibly due to motivation levels and/ or fatigue. Another
similarity of this protocol to Bangsbo and Lindquist (1992) was the minimal distance

covered (205 m) and time taken to complete (~10 minutes). One advantage that Muller



11

et al.’s (1992) protocol had over Bangsbo and Lindquist's (1992), was that it was
described by the authors as being highly reliable (product-moment correlation
coefficient r = 0.90), whereas Bangsbo and Lindquist (1992) did not illustrate any
reliability results or studies undertaken on their field test.

In regards to longer duration (>75 minutes) soccer-specific field protocols, only
two to date have been devised (Cox, 2002; Nicholas et al., 2000). Firstly, Nicholas et al.
(2000) devised the Loughborough Intermittent Shuttle Test (LIST) to simulate the activity
patterns common to soccer performance, Wwithout any contact (Figure 2.3). Seven

trained healthy male soccer and rugby playeis*were used as subjects. This protocol
-t

consisted of two parts, A and-B: Part A was 0f fixed duration and consisted of five 15

minute exercise periodsgs€paiated by three minutes of recovery. Part A consisted of

bouts of walking, and ruanings/at.speeds éorresponding to 65 and 95% of an individual’s

4 ¥

pre-determined VO, _ over a20 m distanEe' Part A was as follows: 3 x 20 m at walking

2max

pace, 1 x 20 m at maximal ruaning speed, _;4 s recovery, and 3 x 20 m at running speed

corresponding to 55% of individual VO 3 x:20 m at a running speed corresponding

2max?
“f

to 95% of individual VO Part Biwas ahf epen -ended period of intermittent shuttle

2max”

running, designed to exhaust the parUccpa%wﬁhm ten minutes. The duration of the

LIST was approxmately 75 mmutes and the’ tofél dlstance covered was 12400 m. The

mean HR for trial one ano trial two for part A was 169 and 171 bpm and part B was 175
and 176 bpm. The distance and mean HR values were S|m|lar to those calculated in

professional soccer matches (Bangsbo et al,, 1991; Reilly and Thomas, 1976; Van Gool

et al., 1988). The duration of the LIST was 15 minutes shorter than a soccer match.
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& 15 minute intermittent exercise

3 minute rest

L/l

Part B (to exhaustion)

+ “f '
soccer team. Subjects partigipated.in t0'1p§;formance testing session separated by

T } .’;T:" 1
seven days. This soccer protocéfﬁ@‘sistedfeﬁiwfé 12 minute exercise testing blocks (11

o e ’l‘zl' :_.I - o .
minutes of exercise_and minute “of recovery) ~based or} activity patterns previously
-

g-blocks included eleven all-out
wdi P

twenty meter sprints,-th') agility runs, and one precision:fiall kicking drill, separated by
-

several by standardized recovery twenty meter walks, J?(d)'gs and runs. The test lasted
approximately 60 minutes which was also less than a ‘saceer'match (~30 min) and 15
min shorter thanithe LIST. The mean HR of 174 bpm was also similar to that observed in
a soccenmatch (Bangsboret all, 4991 fReillyrand Thomas, 1976; Van(Gool et al., 1988)
and similar to the mean HR documented in the LIST. The distance covered during Cox’s
(2000) protocol was not reported. One advantage of Cox’s (2000) soccer-specific
protocol had over the LIST was Cox included ball-skills, whereas the LIST had no ball-
skill work. Cox (2000) did not report whether a reliability study had performed on his
protocol, whereas the authors of the LIST did note reliability was within the “observed

limits”.
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Although there have been many team sport simulation protocols designed, there
are non that have included and completely replicated the intensity (HR, VO,), duration,
distance, ball-skills work, movement patterns and general soccer skills that are required/
observed in a soccer match. Most studies have replicated only a few of these qualities
in their protocols. Having a soccer-specific protocol that can simulate the duration and
demands of a soccer game can benefit the athletes, trainers and coaches as it
illustrates where exactly in a game (first 30. minutes or last 15 minutes), and what/ where
the athlete’s weaknesses are (jumping ability,,8hooting etc), without the athlete having to
play and be analyzed during an actual~cempetitive soccer game. If a soccer
performance protocol is inadeguate in dﬂration and does not replicate an entire soccer
game, it makes it very diffietltio deiermine whether there are any effects from a training

or nutritional interventiopfon an athlete erjitire 90 minute performance. Clearly, a closely

controlled, sport-specifie” sa€cer simu!atloln protocol that reflects the most recent
temporal analysis of soccér mateh=play (e:;g.*'number of sprints, turns, game distance,
duration / distance of sprints, ‘recovery dﬂ-fatiqn, HR, game duration etc) will help to

accurately determine the poteniial perfbr?nance enhancing effects of glutamine

'y d de i A d
supplementation. Williams, Abt and-Kilding 4&—2009 has published a 90 minute soccer

specific simulation protocel which is a‘co

performance. They | name this protocol éé'Ball—sports‘Ehdurance and Sprint Test

(BEAST) protocol.

2.2 The Ball-sports Endurance and ‘Sprint Test (BEAST) protocol
The BEAST protocol (Williams, Abt and Kilding, 2009) simulated soccer match

play interms of tinicy movement pattefn, physical’'defands | (Volufije @nd intensity) and
distancef; It could be used in studies that wish to determine the effects of training or
nutritional intervention on prolonged intermittent physical performance.

The BEAST is a soccer-specific protocol designed to simulate the physical
demands of a typical competitive soccer game (i.e. it is run continuously over a 90
minute period consisting of two 45 minute halves, with a half-time break of fifteen

minutes). Only a single subject can run the BEAST at any given time.
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The BEAST protocol consisted of two laps (Appendix B), which made up one
circuit. Each circuit was continuously repeated for the duration of the half time (45
minutes), followed by a half-time recovery (fifteen minutes); then repeated for a further
45 minutes (second half). One circuit has a distance of 380.4 m. Sprinting, backwards
jogging, walking, jogging/ decelerating, and forwards running (75% of at maximum
effort), make up 8.4%, 8.4%, 9.7%, 24.5% and 39% of the total distance covered per
circuit respectively. Reliability of measure over 90 minutes ranged from 0.9 — 25.5% (%
typical error), suggesting good reliability. The'BEAST protocol could be used in studies
that wish to determine the effects of training.er nutritional interventions on prolonged

>
intermittent physical performanee:

2.3 Fatigue and exercise
Athletic performanée in socceris affected by the subject’s energy-transducing

capacity (Madsen, Maclgan ;and Christé?sen, 1996). The average work intensity in

soccer is close to the lactate threshold (e(jfgiya_lent 10 80— 90% of HR ) (Helgerud et

max
al.,, 2001). However, the matches are Chéfat;jerized Py intermittent short periods and
situations of high intensity activity -where i&:ﬂimulation of lactate takes place with
periods of low-intensity activity-to-remove Iadtété;from the working muscles (Stolen et al.,
2005). In addition, ammenia-has-been-used-as-an-indicator-of metabolic activity during
exercise because it is associated with the requirement andrproduction of ATP. Several
studies have shown that high intensity and prolonged exercises are correlated to
ammonia appearafice in bload. Furthefmore;, it-hasibeen sugdested that high ammonia
levels can be toxic to both muscles and the central nervous system (CNS), and induce
peripheral andscentral fatigue=(Banister and: Cameron,; 1290y Castelltand Newsholme,
1997: Eriksson et al., 1985; Graham et al., 1997; Sahlin et al., 1990).

The intense exercise periods during a soccer match play lead to high anaerobic-
energy turnover with an associated accumulation of lactate and lowering of pH in the
exercised muscles. In addition, after 90 minutes of standard training was significantly
increased blood lactate (blood lactate of pre exercise was 1.45 (0.96) mmol/l and post
exercise was 3.60 (1.41) mmol/l) (Karakoc et al., 2005). Intermittent exercise was

probably caused by different turnover rates of muscle and blood lactate during the 2
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types of exercise, with the rate of lactate clearance being significantly higher in muscle
than in blood. (Bangsbo et al., 2007). In addition, excess lactic acid accumulation
inhibits further ATP production. Although the excess lactic acid causes fatigue during
exercise, this inhibitory effect is a protective response, as excess acidity can lead to cell
death (Abernethy, 1997). Moreover, in order to decrease the toxic effect caused by

increased ammonia, the CNS enhances glutamine (GIn) synthesis to buffer free

‘ k cale (Borg scale) that linked the

pﬁ exercise intensity. These scales
t erceived magnitude’. The latter
% of the perceived sensations

during the exercise peti L ‘ e represents the relationship

ammonia (Cameron et al., 2007).

Borg developed a ps)

contain two variables, a *

is a psychological com

between these two vari ’ ( [ the physical properties of
exercise, the type of exer S o! N Irance time. In dynamic exercise

there is a linear relationshi /een.workload, sented as VO and heart rate.

2max’

Il \-*‘f ’

original (6 to 20) RPE scale ( F|gCF|'e.-.EL \ ntand Verkerke, 2009; Heyward, 1997).

AU INENFNGING
AN mnmmﬁmmaa

Figure 2.4 The original Borg’s RPE scale (Heyward, 1997)
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2.4 Immune effects

The acute phase response is a common reaction to a range of threats to
homoeostasis including inflammatory diseases (Kushner and Rzewnicki, 1994) and
prolonged exercise (Fallon et al., 1999). Exercise-induced reactive oxygen species
(ROS) are also thought to modulate acute phase inflammatory responses (Cannon and
Blumberg, 2000).

The strong muscle contractions during exercise may cause micro-tears in both
muscle and the vascular endothelium, which increases the migration of white blood cells
into the muscle, including acute phase inflammatory reactions. They have shown that
muscle injury markers appear_ in-an eak‘lyy window.with leucocytosis during intermittent
exercise (Bassini-Cameranset als 2007).

Our immune system is composedlof two main features known as leucocytes and
lymphoid tissues. The former groups“'are éc;'fnmonly known as white blood cells (WBC).
White blood cells performia wide fange é;f tasks in the immune system. Five general
categories of WBC exist. These are: baso;fﬁbils_., eosinophils, neutrophils, lymphocytes,
and monocytes (Venom, 2008). White bloérdf-'c.ells and neutrophils number have been
significantly increased after tra"iﬁing (Bessé}__:.ef:él., 2008; Perez et al.,, 2001; Rebelo,

1998: Sureda et al., 2009). While monocyféé’JﬁUmber have been increased or not

change during and aiﬁef acute—exercise—and-may-—be -dve'gjreased during prolonged
periods of intense éﬁdUrance training (Mackinnon, 1999;;l\/|alm, 2004; Woods et al.,
2000). In addition, exewr-cise increases the concentrationt of lymphocytes in peripheral
blood (Bessa et aly, 2008; ‘Castell, 1997; Nielsen, 2003); howéver, 1 — 2 hours into the
recovery, the lymphocytes number decreases to, or even to below, the pre-exercise
level (Castell, 1997, Nielsen, 2003). However,"Keen ét/al; 1995 Showed that during a
major multi-stage race in the evening, those of individual leucocyte classes (neutrophils,
lymphocytes, monocytes, eosinophils and basophils) were all inside the normal range
both in the morning and in the evening. Evening counts (after the race) were 30-50%
higher than morning counts (before the race), for all classes except eosinophils, it is
likely that the samples were taken as the count was still falling in the morning, and rising
again in the evening, leaving the observed values little different. Moreover, Haematocrit

(Hct) and Mean corpuscular volume (MCV) have been significantly decreased after 90
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minutes of soccer training (Karakoc et al., 2005). Whereas, Hct have been significantly
increased after simulated soccer match (Bassini-Cameron et al., 2007). In the other
hand, Bessa et al. (2008) and Sureda et al. (2009) reported that Hct did not change

during the high intensity endurance exercise.

2.5 Metabolic changes

Several recent studies showed that blood ammonia concentration increases
during endurance exercise mainly due to myokinase activity and deamination by muscle
(Banister and Cameron, 1990), and has been'pieposed as a cause for both peripheral
and central fatigue (Carvalho-Peixoto, AI‘\J/eS and Cameron, 2007; Nybo and Dalsgaard,
2005; Nybo and Secher, 2004 )#Also, metabolites sueh as uric acid and urea increase
during high-intensity exer€isesin respons:% to the IMP and ammonia clearance demand
(Boyum et al., 2002). Moreover, Smith artlg"lNorris (2000) showed the concentration of
glutamine significant decrease after heavy":,training of endurance sports, such as cross-
country skiing, swimming and speed ské}ipg._. Nevertheless, Kargotich et al. (2005)
founded that 95% interval training seééfo.rj (ITS) decreased plasma glutamine
concentration significantly Iowei'"“fha'n 70% I]'__S_éﬁd pre-exercise. Periods of very heavy
training are associated with a”chroric reduéﬂfi'dh*' in plasmq concentrations of glutamine
and it has been ;isnggested—that——this' may-——be -paftly responsible for the
immunodepression ébparent in many endurance athletes (F:arry—BiIIings et al., 1992). In
addition, prolonged exércise is associated with a decréase in the intramuscular and
plasma concentrations'of glutamine and it has been hypothesized that this decrease in
glutamine availability could impair immune function (Castell, 2003; Parry-Billings et al.,

1992).

2.6 Glutamine
2.6.1 Glutamine metabolism

Glutamine (also known as L-Glutamine) is a naturally occurring nonessential
neutral amino acid. It is important as a constituent of proteins and as a means of
nitrogen transport between tissues (Watford, 2008). It is also important in acid-base

regulation, gluconeogenesis, and as a precursor of nucleotide bases and the
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antioxidant glutathione. Glutamine is the most abundant free amino acid in human
muscle and plasma. In adult humans, following an overnight fast, the normal plasma
glutamine concentration is 550-750 pmol/L and the skeletal muscle glutamine
concentration is ~20 mmol/kg wet weight (Jonnalagadda, 2007). Skeletal muscle is the
major tissue involved in glutamine synthesis and is known to release glutamine into the
circulation at ~50 mmol/h inthe fed state. Its alleged effects can be classified as
anabolic and immunostimulatory. Glutamine is utilized at high rates by leukocytes
(particularly lymphocytes) to provide energy «and optimal conditions for nucleotide

biosynthesis and hence, cell proliferation. Indeed, glutamine is considered important, if
)

not essential, to lymphocytes.and othervrapidly dividing cells, including the gut mucosa

and bone marrow stemeells.«Unlike skeletal muscle; leukocytes do not possess the

enzyme glutamine synthetasey which Catajlyses the synthesis of glutamine from ammonia

4

(NH,) and glutamate, and fhefefore |euhdcytes are unable to synthesize glutamine
(Ardawi and Newsholme,1983). Conseq'i;ieﬁ"[ly, leukocytes are largely dependent on

skeletal muscle glutamine synthesis and rél.éase into the blood to satisfy their metabolic

requirements. i F /N
d Caind o= M4
Glutamine supplementation—effectively  counteracts the decline in protein

o g a e

synthesis and muscle wasting from repeated glucocorticoid-use. In one study of female

rat, infusing glutam'jnfe_for 7 days inhibited the downreg'plation of myosin (muscle
contractile protein) synthesis and atrophy in skeletal musclé that normally accompanies
chronic glucocorticoidw administration. Data also indice;te that increasing glutamine
availability by fsupplementation 'modulates’ glucose homeostasis during and after
exercise in a direction that facilitates post-exercise recovery. It also promotes muscle
glycogen ‘“accumuiatien in| ‘human: muscle “in “ recovery, ‘perbheps. by serving as

gluconeogenic substrate in the liver (McArdle et al., 2009).

2.6.2 Glutamine supplementation

Many previous study of glutamine supplementation were reported about dosage
to receive by oral ingestion. Athletes consuming beverages containing glutamine

following rowing competitions and marathons by 5g glutamine after the activity and two
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hours later (Castell, 2002; Castell et al., 1996; Castell et al., 1997). After 60 minutes of
prolonged exercise, the subjects consumed 3.5 g of glutamine in an aqueous solution
(Krzywkowski et al., 2001) as well as an oral supplementation (5 g in 330 ml water)
consumed immediately after and 2 h after marathon (Castell et al., 1996). However,
several recent glutamine feeding intervention studies indicated that although the plasma
glutamine concentration could be kept constant during and after prolonged strenuous
exercise, the glutamine supplementation did ot prevent the post-exercise changes in
several aspects of immune.function (gleeson, 2008). Moreover, studies that have
ingested glutamine beforesprolonged e*ercise approximately 1 hour were showed that
100 mg.kg’1 body weight in.aqueous soll.ftion of glutamine. Glutamine supplementation
before exercise partially pievenied ihe exercise induced apoptosis. (Lagranha et al.,
2004). Also, Cameron et al. (2007) provijjeg 100 mg.kg' body weight of glutamine
dissolved in a non-nutritional beverage Ei‘e{foar__e intermittent high intensity prolonged
exercise. The result showed that g.llutaminéi%upplementation prior to exercise partially

ety

prevents the hyperammonemia Bbserved after intermittent exercise. Again, no signs of

toxicity and side effects were Feported. Thfjé, this study /provided 100 mg.kg_1 body

weight of glutamine i3nf5_00 ml drinking water before simulatéd soccer matches 1 hour.

2.7 Glutamine andimmune funetion

In humans, glutamine (GIn) is the most abundant circulating amino acid. It is
synthegized dn Jargesamounts=by-the museles ~takes partqin earben transport and is a
non-toxic.ammonia carrier. The concentrations of plasma GIn decrease as a function of
exercise intensity because of the increase in gluconeogenesis and urea synthesis. It has
been widely shown that oral Gin supplementation increases its plasma concentration
and its efficiency as an energy substrate during rest or metabolic stress. The use of
amino acids as energy substrates may increase the pool of ammonia from amino acid

deamination (Cameron et al., 2007). Glutamine changes the immune response,
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including leucocytosis, lymphocytosis and neutrophilia along with an increase in
metabolic rate (Krzywkowski et al., 2001).

It has generally been accepted that cells of the immune system obtain their
energy by metabolism of glucose. However, it has been established that glutamine is
also an important fuel for lymphocytes and macrophages (Newsholme and Parry-
Billings, 1990). Several lines of evidence suggest that glutamine is used at a very high
rate by these cells, even when they are quiescent. It has been proposed that the
glutamine pathway in lymphocytes may be under external regulation, due partly to the
supply of glutamine itself (Newsholme, 1994)" Skeletal muscle is the major tissue
involved in glutamine production and khéwn o release glutamine into the bloodstream
at a high rate. It has been suggested vlthat the skeletal muscle plays a vital role in
maintenance of the key progess of J"glutamine utilization in the immune cells.
Consequently, the activity of the skleleta.[:r'nuscle may directly influence the immune
system. According to the £glutarine hypot"fheé"is,” under intense physical stress, such as
exercise, the demands on: muscle:and o;tk;ervorgans for glutamine are such that the
lymphoid system may be farced into & gjiru’i?a_rmine debt. Thus factors that directly or

: sty

indirectly influence glutamine éynthesis or—_fe_l'éase could theoretically influence the

0o

function of lymphocytes and monocytes (Newsholrie; 1990; Newsholme, 1994). After

intense long-term "e>5<eTC|se and other physical streés'j'.vdisorders, the glutamine
concentration in plasma'_declines (Essen et al., 1992; Keast et al., 1995; Lehmann et al.,
1995; Parry-Billings, 1;992), and low glutamine Ievelsr have been reported to be
associated with'overtraining (Rowbottom et al, 1996; Rowbottom et al, 1996). Although
there is evidence that glutamine has.an important role in lymphocyte function in vitro,
recent’ gpplaceboscontrolled | glutamine intervention “[studies found: that glutamine
supplementation after the exercise abolished the post-exercise decline in plasma
glutamine without influencing post-exercise immune impairment (Rohde, 1998). There is
little experimental support to the hypothesis that post-exercise decline in immune

function is caused by a decrease in the plasma glutamine concentration.



CHAPTER I
MATERIALS AND METHODS

3.1 Research design

This cross over research study was designed to investigate the effects of
glutamine supplementation and placebo on leucocytes number and fatigue after
simulated soccer matches in Thai youth soccer players. The healthy youth soccer

players gave their written infol r the experiment, which had been

approved by the Faculty of ' hu University Committee for Ethics in

Human Experimentation.7 |
3.2 Population and sa/ \\

The target populatio | e SO pIayers who were 15-18 years
old.

The sample po i as twe e soccer players at Surasakmontree
School, who were recruit ing- "Idw g lusion criteria.

3.2.1 Eligibility criteria

Inclusion critepi@ 4

2. So ‘ >r training for 3-6 days per week.m

Exclusi@jcﬂref.r W Cﬂiﬁt %dWﬁt% ”ﬁisiudy.

The volunteers weére sick or ipjured that wereadifficult to training,

RN SN 1 AN TR

2. History of liver, kidney or heart disease.
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3.3 Materials

—_

© ® N o o A~ W N

19.

. Aleather s \

. Blood glucose metér (ACCU-CHEK ma, Roche Diagnostics, U.S.A.)

A weighting scale (Tanita TBF-531 A)

A scale for height measurement

Sphygmomanometer (ES-H5, Terumo Corporation, Tokyo, Japan)
Stopwatch (JS-609, FBT®, China)

Heart rate monitors (FS1, Polar electro, Finland)

Heart rate transmitter (T31 transmitter, Polar electro, Finland)

.

Rated Perceived Ex

Traffic cones

1 4.5 m long x 3.0 m high)

N ———ald  © . .
. Blood Peste—mete—thes s ‘.\‘u Roche Diagnostics,

Germany) m

Test strip for determlnatlon of %Joose in blood (ACCU- CHEK” Performa,

FEUBERIN T NS

0. Testlstrip for determlnatlon of Iactate in blood BM Lactate, cobas,

Q WD IO AN Y

22.
23.
24.
25.
26.

. Blood collection tube 6 ml (K2 EDTA, BD Vacutainer , U.S.A.)

70% alcohol

Cotton

Plaster

Frozen gel pack

SurplugTM Needle-Free Connector with extension tube (SP*ET103LOSA,

Terumo Corporation, Tokyo, Japan)
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27. 10 ml syringe (SS+10S6, Terumo Corporation, Tokyo, Japan)

28. Surflo® I.V. Catheter Non-radiopaque/ etfe 22Gx1" (SR+0OT2225C, Terumo
Corporation, Philippines)

29. Disposable Needle 21x1.5 inch (AH2138, Nipro Corporation, Osakak,
Japan)

30. Case record form

31. Determination of complete blood count (CBC), lactate and ammonia in
blood by Center of Laboratoryy King Chulalongkorn Memorial Hospital,
Bangkok

3.4 Measurement
3.4.1 Body weight and height
Weight in kilogramiWwag recorded Wifh the individual wearing comfortable clothes

-

without shoes.

The participant‘was standing baréf_('a_.qtawith the heels together, then stretching
upward to the fullest extent. Heels, buttockéu-{a_ind upper back were touching a wall. The
chin was not lifted. Height measurement wasﬁé’&rded in centimeter.

P
iyl e

3.4.2 Resting heart rate

The participant-had an adequate rest period of at least 5 minutes prior to the
measurement. Adequate rest was indicated when the heart rate had stabilized at a low
rate. The resting{heart mate,was measured withy autematic .sphygmomanometer (ES-H5,

Terumo Corporation, Tokyo, Japan).

3.4.3 Resting blood!pressure

The participant was sitting upright in a straight backed chair. Both feet were flat
on the floor, and the left arm was resting on the table with the elbow flexed. Subject was
relaxed for a few minutes in this position. Conversation was discouraged. The blood
pressure was measured with sphygmomanometer (ES-H5, Terumo Corporation, Tokyo,
Japan). The phase systolic pressure and diastolic pressure were recorded in millimeters

of mercury (mmHg) as indicated on the sphygmomanometer scale.
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3.4.4 Measurement of maximal oxygen uptake (VO, )
Astrand Bicycle Ergometer Maximal Test Protocol
For the Astrand continuous test protocol (Figure 3.1), the initial power
output is 600 kgm.min'1 (100 W) for men because the pedaling rate is 50 rpm, the
resistance is 2 kg for men (2 kg x 6 m x 50 rpm = 600 kgm.min'1). Subjects exercised at
this initial work load for 2 minutes, then increase the power output every 2 to 3 minutes in

increments of 300 kgm.min' (50 W) for men. Continue the test until the subject was

exhausted or could no longer
metabolic equation for leg erge

the last stage of the grad

Metabolic calculatig :
-Mﬁ%

AStl’ 3 é pan;
Type: co nuo&ﬁa Bhe
For: nor :
Initial workr .'s..-.u K

' ' kg BW + kgm.min" x 2

?QO kgm evi -3 min (men) 4.4
RV Y

2 4 6 8 10
Time (min)

Figure 3.1 The Astrand continuous test protocol (Heyward, 1997).
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3.4.5 Blood sample and analyses

Venipuncture was performed by a certified phlebotomist before and after the
Ball-sports Endurance and Sprint Test. Before the test, an I.V. Catheter Non-radiopaque/
etfe 22Gx1" was placed in an antecubital vein to enable serial blood sampling
throughout post test for 1 hour, and clotting was prevented by back flushing the catheter
with 0.9% normal saline solution.

Six milliliters of whole blood sample were collected via puncture from the
antecubital vein and immediately transferred o EDTA blood collection tube, then
transferred to Center of Laboratory at King Chulalongkorn Memorial Hospital within 30

2
minute after blood collection for.assay of CBC, ammonia, uric acid, urea and lactate.

3.4.6 Fatigue level
Fatigue scale wasiUsed 10 m'eaSUFe'"'fatigue level. Fatigue scale was a line with

10 cm long. Participantsswere asked td;‘ mark within the line, which represent the

magnitude of fatigue. M€asurement was re&lﬁ_fgrd}e_d in percent of fatigue level (0-100 %).

3.5 Methods st #1244
3.5.1 Subject Preparation 4 \

Prior to eachiest session, subjects were asked to apstain from caffeine, alcohol,
and vigorous physical-activity for 24 hours. In addition, fodd was not allowed within 2
hours prior to testing. Upon arrival to the laboratory, weight, height, resting heart rate,
and resting bleedgpressureswere recorded: Before jtest session started, all subjects

performed stretehing and warm "up” for 10" minutes. The subjects wore a heart rate

monitor.to determine.their heart.rate during.all exercise,tests.

3.5.2 Experimental Design

Block randomization method was used in order to provide the subject received
opportunity with equivalent to receive either drink. The drinks were assigned into type A
and B. Since this study was a cross-over research, subjects who received type A drink
at the first time and then would get type B drink at the second time two weeks later.

Each drink was received before training and testing.
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Type of drinks included:

- Type A: Glutamine 100 mg per kilogram body weight in 500 ml drinking
water (not provided energy).

- Type B: 500 ml drinking water.

on 1™ to 4" day, all subjects received a drink 1 hour before training. On 5" day,

they also received a drink 1 hour before testing and finished the drink within 4 minutes.

The test performance was Ball-sports Endurance and Sprint Test (BEAST) protocol. Test

procedure was as follows:

Blood sample was collected Sminutes before received a drink.

Subjects received a«drink 45 minutes before warm up.

Subjects performed a warm u'P for 10 minutes, and then they were asked to
evaluate fatiguedevel pefore the test began.

Subjects performed the test f,pr )'90 minutes period consisting of two 45
minute halves, with a ha.lf—time Gllnea;k of 15 minutes.

After first half, subjectsﬁ V\éere mé;s;u‘r:ed fatigue level immediately and rest for

o 1

15 minutes. 2 e

-

After second half, subjects we.r(]?im@gsured fatigue level and they were

collected b_lood sample immediately.

Subjects pérformed a cool down and stretching:—
1 hour aftersecond half, subjects were measured fatigue level and they were

collected blood‘sample again.

Two weeksater; subjects performed 'the 'same activity of 1* to 5" day. In

addition, they received another type of drink.

3.5.3 The Ball-sports Endurance and Sprint Test (BEAST) protocol

The BEAST (Figures 3.2 and 3.3) is a soccer-specific protocol designed to

simulate the physical demands of a typical competitive soccer game (i.e. it is run

continuously over a 90 minute period consisting of two 45 minute halves, with a half-time

break of fifteen minutes). Only a single subject can run the BEAST at any given time.
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The BEAST protocol consisted of two laps, which made up one circuit (Figures
3.3). Each circuit was repeated continuously for the duration of the half (45 minutes),
followed by a half-time recovery (15 minutes); then repeated for a further 45 minutes
(second half). One circuit has a distance of 380.4 m. Sprinting, backwards jogging,
walking, jogging/decelerating and forwards running (75% at maximum effort), make up

8.4%, 8.4%, 9.7%, 24.5% and 39% of the total distance covered per circuit.

Figure 3.2 Slmu'FHted soccer field test usmg the BEAST protocol

ama\mm UANINYA Y
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Accuracy Goal

Ball-Sports Endurance and

Shooting | Accuracy Sprint Test (BEAST)
Walk Forward Run Slow 5 m | STOP &8s
storesi/N T MEm s /N 1om A\ ANE:
Jump RPE Slow: Forward Run Walk 5 m g
o
2
STARE Sprint Slow 3
Backwards 7 m iz 23m 3

@ O O
T Walk8 m 20 m 15 m N,

>

N Slalom A
~ pd

w g Mlep

AN 3 /\ /\ [sTopss

Slow 10 m Fb_rward Run 28 m Walk 7 m

Figure 3.3 Schematic design of the-BEAST pﬁlr._‘oitojc_yol (Williams, Abt and Kilding, 2009)

3.5.3.1 Circuit'Description

The first'lap (of two) was completed as foIIowé (Appendix B1):

The subject stood stationary at the start cone and when the signal was
given by the circuit timer; the subject walked.forward at a brisk pace for three meters.
The subject then stopped atithe sprint start line placed 50 cm behind the first photocell.
Visible signs (i.e. sprint 12 m, run 5¢m, walk 5 m.etc) were placed jat every station to
remindtthe subject.what movements they were to perform: On| the researchers’ signal
(~2 s) the subject sprinted maximally through the 12 m photocell (the subject was
instructed to sprint one meter past the 12 m gates to reduce a slow-down effect). The
subject then decelerated in a straight line for 23 m to the next cone. He turned left at the
cone and ran forwards five meters at 75% of maximum pace to the next cone. The
circuit timer then instructed the subject to stop at this cone for a period of eight seconds

(giving a verbal countdown of when to walk five meters to the following cone). After the
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five meter walk the subject ran in a straight line ten meters at (75% of his maximum
pace) to the next cone, decelerated 15 m and then stopped again for another eight
seconds. On the circuit timer’'s signal, the subject briskly walked back the way he had
come (15 m). He then ran ten meters (75% of his maximum pace) and decelerated five
meters until he reached the next cone, where he rested again for another eight seconds.
He then ran five meters at (75% of his maximum pace) and weaved in and out of the
slalom cones for a distance of approximately 6.4 m, where he stopped briefly to rest for
another eight seconds. The subject briskly walked to the next cone in a straight line
(seven meters) then ran (75% of his maximum_pace) for 28 m and decelerated for 10 m
v |

until he reached the next cone«He then briskly walked five meters to the next cone, then

back-pedalled (backwards jog) seven meters to the start/ finish line. This was one lap

i

The second lap (Appﬂendik;B'Z) was identical to the first lap except this

(half a circuit).

time the subject sprinted 20 m (instead of';ilZJ%n) after the initial three meter walk. At the
end of the second lap, the circuit: time W'asa_recorded and the subject was fed six
individually rolled soccer ballg (the: famp Wéé"faour meters away from the shooting zone,

'y d des Bl
1.5 m long, and placed 115 cni high-from fle_er)fonto his dominant foot (e.g. left foot is

o J o

fed balls from the right side aﬁd“'\'/is'“a versa) and had.to shoot at a soccer goal (indoor

soccer goal measuﬁeé_étb m long x 3.0 m high). Pointsr'vylére scored by shooting at
either side of a centre‘ té_rget (inside each goal-post there Wére two leather straps 20 cm
wide, dangling down thé eross-bar 90 cm inward from thte side post to replicate a goal
keeper). After gach ball-was rolled, the subject briskly jogged from the start line to the
shooting line (four meters), took his shot and back-pedalled to the start line ready for his
next shot. The "ballwwas rolled~as soon as'the” subject /back-pedalied-and touched the
start line"with his foot. After the shooting station, the subject walked briskly to the jump
place and performed three vertical jumps. The subject then verbally called out or
pointed to a number on the rate of perceived exertion scale (RPE) shown to him by a
research assistant.

The subject continued to complete the circuits until 45 minutes had

elapsed then the subject had a fifteen minute half-time break.
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Procedure

Day 1-4 Day 5

Preparation Soccer Match

Time (min)

-60 -65 -10 45 60 105

—
—
(@)

165

Supplementation and training

Blood Sample

BEAST (simulated soccer match)
Measured fatigue level and Blood Sample
Measured fatigue level and Blood Sample

Data analysis
The results eviation (SD) calculated by

conventional procedu e Statistical Package for the

At 91121130112l Ve
e S T O A TR e

uric aold, urea, lactate and %fatigue level in pre, post and 1 h post test within glutamine

. All data were analyzed using

supplementation and placebo group. The differences at significance level of p < 0.05

were considered to be significant.



CHAPTER IV
RESULTS

4.1 Characteristics of subjects
This study was a cross-over design with a total of 12 subjects from
Surasakmontree School. Subjects in the glutamine supplementation group received 100

mg per kilogram body weight of glutamine in 500 ml drinking water whereas subjects in

placebo group received only 500 ml ater. Table 4.1 was the demographic
: & ave the written informed consent

human ethical committee for

research of faculty of me

Table 4.1 Characteristics Bho % expressed as Mean (SD) and

range. , : \
Characteristics of subjects -*%—‘_ ; -- deats (n = 12
: Range
Ages (yr) 15.0-17.0
Weight (kg) 48.3 -64.6
Height ‘,,Y 164.0 - 176.0
BMI (kg/m’ 17.7-22.9
Predicted VO, , ( mﬁg/mln 56. 09 (6.42) 50.03 - 69.25

ﬂumwﬂmwmm
QW']Mﬂ‘im UAIINYAY
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4.2 Physical performance using the BEAST protocol
4.2.1 Comparison of physical performance according to the BEAST protocol between
placebo group and glutamine supplementation group

Each subject performed the simulated soccer match according to the BEAST
protocol. This protocol consisted of two 45 minutes halves with 15 minutes half time
break. The simulated soccer protocol was composed of two laps per one circuit.
Subjects performed as many circuits as they could within 45 minutes period. Each
circuit included several stations for different/physical activities such as 12 meters sprint,
vertical jump, running, walking and jogging: Fheirphysical performance according to
this simulated soccer program were™ summarizedin Table 4.2. All comparative
parameters were statisticalssignificant at the level of p < 0.05. The observed data
showed significant differen€e both at F Fialf and 2" half.in 20 m sprint time and vertical

jump. However, RPE was significant difference between groups at 2" half.

} ‘.'
Table 4.2 Physical performance of subjectsi‘i'acc_ording to the BEAST protocol
. { 4 Mean (SD)
Measure Interval 47 .H Glutamine P - value
' ~ Placebo
P s ooy N supplementation
L~ 1% half 4.27 (0.90) , 4.08 (1.22) 0.53
Circuit Time (min). = — &

2 half 4.43 (0.85) 4.49 (0.77) 0.48
o 1% half 2.32 (0.16) 2.28 (0.10) 0.35

12 m Sprint Time (s) —~
2, ~half 2:42:0.07) 2.37 (0.04) 0.11
17 hatf 3.45%(0.09) 3.35(0.12) 0.01°
20 m Sprint Time (s) —~ y
2. half 3,66.(0,15) 3.49.(0.13) 0.00
9 Waff 49.92/(0.69) 48.84+(0.49) 0.00°
Vertical Jump (cm) —~ y
2" half 49.52 (1.05) 47.09 (1.39) 0.00
1% half 4.14 (0.46) 4.10 (0.34) 0.29

Shooting Accuracy —~
2" half 4.26 (0.35) 3.97 (0.29) 0.13
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Mean (SD)
Measure Interval Glutamine P - value
Placebo
supplementation
" 172.75 (14.17) 172.92 (14.79)
17 half 0.97
(84.68% HR ) | (84.76% HR )
Heart Rate (bpm)
y 168.92 (17.07) 168.17 (16.33)
2 half 0.87
0% HR,,) | (82.44% HR )
11 0.08
RPE* 4 -
P T | — 13 0.01
\ (80.65) | 51.08 (21.54) 0.05
Fatigue level (%)
66.75 (30.27) 0.98

nks Test were used to test for

col

perceived exertion (RPE)

e %AST protocol were showed in

T
= Significant difference betw, g % :
Sl
* = Data are expressed as AWile
Wi
significant difference OSMAA N
Saidis -
4.2.2 Fatigue at 1"~ half a ¥
Fatigue par
and % fatigue level. Faﬂu
Figure 4.1 —4.3.
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Figure 4.2 Rate of perceived exertion at 1% half and 2™ half between groups of the

BEAST protocol

1 = Significant difference between groups (p < 0.05)



35

[JGLN mPL
100.0 67.8 56,8 67.0
80.0 [
511
=
= 600
@
>
2@
o
g, 40,0
T
[T
20.0 %
00 o F. -
15t hali® 2nd half
Periods of Time

Figure 4.3 % fatigue level at 17 halifand 2% half between groups of the BEAST protocol

4.3 Effects of glutamine supplementatlon o;\ fatlgue after simulated soccer matches
During the test, HR; RPE and % fatlgue level were recorded at pre, after 1° " half

and after 2™ half of simulated saccer matc‘k;(;s_ai..vThe comparisons between and within

group at pre, after 1* half and after 2 half of;i_ryiulated soccer matches were showed in

Table 4.3.

4.3.1 Heart rate

Subjects’_heart ratetat pre, after 1*thélf and after 2™ half of simulated soccer
matches comparedi between | placebd | and | glutamine | supplementation were not
significant different. However, subjécts heart rate, in both plagebo and glutamine
supplementation were significant inereased after 1% half and afteh,2"™ half compared to

pre-simulated soccer matches (p < 0.05).

4.3.2 RPE
Subjects’ RPE at after 2" half of simulated soccer matches were significant
different when compared between placebo and glutamine supplementation.

Furthermore, subjects’ RPE in both placebo and glutamine supplementation significantly
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increased after 1° half and after 2™ half when compared to pre-simulated soccer

matches (p < 0.05). In addition, significantly increase of RPE after 2" half when

compared to after 1* half of simulated soccer matches were observed in both placebo

and glutamine supplementation (p < 0.05).

4.3.3 % Fatigue level

% Fatigue level at pre, after 1* half and after 2™ half of simulated soccer

matches between placebo and glutamine supplementation were not significant different.

However, % fatigue level

in. both placebe” and glutamine supplementation were

significant increase after 1 Ralfand aﬁ’er 2MRA compared to pre-simulated soccer

matches (p < 0.05).

|

Table 4.3 Fatigue parameters.compared between and within groups at pre-, after 1%

_—

half and after 2"shalf of s_océer Simulation pretocol
J

Fatigue Pre'i_f-j. 4 1% half 2" half P - value

HR i

- Placebo 9105 (1592)" 172.75 (14.78)° | 168.92 (17.04° |  0.00°

- Glutamine supplementation - -89.92 (9.:1-‘5)"“;"‘172.92 (_14.79)b 168.17 (16.33)b 0.00°
P - value i 6:63 6971 0.87
RPE 1

- Placebo 6 13° 15%° 0.00°

- Glutaminelsupplementation 6 1 13>° 0.00°
P - value 1.00 0.07 0.01°
% fatigue level

- Placebo 11.29 (12.05) | 67.79 (30.65)b 67.00 (27.30)b 0.00°

- Glutamine supplementation 5.88 (8.30) 51.08 (21 .54)b 66.75 (30.27)b 0.00°
P - value 0.17 0.05 0.98

° = Significant difference within groups (p < 0.05)

= Significant difference within groups compared to pre-match (p < 0.05)

¢ = Significant difference within groups compared to 1* half of the match (p < 0.05)

¢ = Significant difference between groups (p < 0.05)
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4.4 Glutamine supplementation on blood ammonia, uric acid, urea, lactate and glucose
During the test, subjects’ blood sample were collected at pre-, post and 1 h post
of simulated soccer matches for analysis of ammonia, uric acid, urea and lactate
whereas glucose was analyzed only at pre-match. The comparisons between and within
groups of blood chemistry in placebo and glutamine supplementation at pre, post and 1

h post were shown in Table 4.4 and Figure 4.4 (a —d).

4.4.1 Ammonia

Blood ammonia concentration at pre;#post and 1 h post of simulated soccer
matches compared between placeboJ and glutamine supplementation were not
significant different. However -~ immediate post-match ammonia concentration
significantly increased cempared /o pré—simulated soccer matches. Then, ammonia
concentration in both placebo and’glutérﬁine supplementation decreased 1 h post

compared to post of simulated soccer mat'@Jhe.s (p <.0.05).

dad

4.4.2 Uric acid <7
Uric acid concentration at'pre; post and 1'h post of simulated soccer matches in
both placebo and glutamine:supplementaftj'é_ﬁ,_';gtoups were not significant different.

However, uric acid. gmcentration in_both placebo and @lutamine supplementation

significantly increased -at post and 1 h post compared to pfé—simulated soccer matches

(p <0.05).

4.4.3 Urea

WUrea.concentration-at post-and,1 hpest-of Simulated soccer. matches in placebo
and glutamine supplementation™ groups ‘were" significant’ different=However, urea
concentration at post and 1 h post match significantly increased from pre-simulated

soccer match in both placebo and glutamine supplementation (p < 0.05).

4.4.4 Lactate

There were no significant different on lactate concentration at pre, post and 1 h

post of simulated soccer matches between placebo and glutamine supplementation
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groups. However, lactate concentration at post-match significantly increased from pre-

simulated soccer matches. Then, lactate concentration in both placebo and glutamine

supplementation at 1 h post match decreased from immediate-post-simulated soccer

matches (p < 0.05).

4.4.5 Glucose

Blood glucose concentrations at pre-simulated soccer matches in both placebo

and glutamine supplementation groups were notsignificant different.

-t
Table 4.4 Blood chemistry compared between.and within groups at pre, post and 1 h

post simulatedsprotecol

'1
,

Blood chemistry, Pre Post 1 h post P - value
Ammonia (ug/dL) .
- Placebo 78.68 (1":_7.?33) 112.38 (30.45)° | 80.77 (18.92)° |  0.00"
- Glutamine supplementation | 17813 (15’.471) 106,59 (21.23)° | 82.21 (19.22)° |  0.00°
P - value | %595, |\ Vo4 0.82
Uric acid (mg/dL) : TH
- Placebo “665(1.34) | Wms1 (17" | 7.36(134° | 000
- Glutamine suppigﬁqentation 6.49 (1.14) 7.25 (_'.1'_._"1”‘9)b 7.21 (1.20)° 0.00°
P - value 0.54 0.77 0.41
Urea (mg/dL)
- Placebo 29,25 (4.34) '| 133.48 (4.80)0 | 34.03(4.66)° | 0.00°
- Glutamine stipplementation | 30.96 (5.24) | 40.48 (6.83)° | 40.70 (7.37)° | 0.00°
P - valle 0.31 0.01¢ 0.02°
Lactate (mmol/L)
- Placebo 2.20 (0.53) 3.47 (0.99)° 2.13(0.53)° 0.00°
- Glutamine supplementation | 2.25 (0.68) 2.81 (0.69)° 2.27 (0.27)° 0.00°
P - value 0.79 0.12 0.45
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Blood chemistry

Pre

Post

1 h post

P - value

Glucose (mg/dL)
- Placebo
- Glutamine supplementation

P - value

0.12

95.00 (16.32)
87.33 (7.75)

° = Significant difference within.groups (p < 0'05)

= Significant difference within'groups cgmpareatopre-match (p < 0.05)

¢ = Significant differenceswithin_ groups compared to immediate post-match (p < 0.05)

° = Significant differencé beiween groupsl(p < 0.05)
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* = Significant difference within groups compared to pre-match (p < 0.05)
1 = Significant difference within groups compared to immediate post-match (p < 0.05)

1 = Significant difference between groups (p < 0.05)

4.5 Effects of glutamine supplementation on leucocytes number after simulated soccer
matches
During the test, subjects’ blood sample at pre-, immediate-post and 1 h post-
simulated soccer matches were collected for.assay of CBC, included white blood cells,
neutrophils, monocytes, lymphocyte, eosincphils, basophils, Hct and MCV. The
2

comparisons between and within-groups of CBC-at pre-, immediate-post and 1 h post-

match were shown in Table.5@nd Figure 4.5 (a - d).

\

4.5.1 White blood cells caunt assay s

The WBC of pre, immediate-post éﬁd.?1 h post of simulated soccer matches in
both placebo and glutamine supp‘_lement'é’g_i_oq groups were not significant different.
However, significant increases of WBC in erfh. placeébo and glutamine supplementation
at immediate-post and 1h pestmatch f@%’i"pre—simulated soccer matches were

P

observed. e~

4.5.2 Neutrophils assay-

Neutrophils number at pre, immediate-post and 1 h post of simulated soccer
matches compared | betweens placekon and pglutamine <supplementation were not
significant different. However, neutrophils number significantly increased at immediate-
post and 1sh=post compared to pre ofssimulated seceer matches«in both placebo and
glutaming ‘supplementation. Furthermore,” neutrophils " number “was™ still significant
increase at 1 h post-match from immediate-post of simulated soccer matches in

placebo group.

4.5.3 Monocyte assay

Monocytes number at pre, post and 1 h post of simulated soccer matches

compared between placebo and glutamine supplementation were not significant
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different. However, monocytes number in both placebo and glutamine supplementation
at immediate post and 1 h post-match significantly increased from pre-simulated soccer

matches.

4.5.4 Lymphocytes assay

Lymphocytes number at pre, post and 1 h post of simulated soccer matches
compared between placebo and glutamine supplementation were not significant
different. Subjects in placebo group had significant increase of lymphocytes number at
immediate post and 1 hropost match “fromespre-match. Subjects in glutamine
supplementation group showed significa‘rfwt decrease of lymphocytes number at 1 h post
compared to pre and post ef'Simulated soccer matches.

|

4.5.5 Eosinophils assay a

Eosinophils numbeg at pre,_.imme&jdiate post and 1 h post of simulated soccer
)
matches in both placeo and glutamine ‘supplementation groups were not significant

different. However, eosingphils number afﬂ}_h -post match in both groups significantly

decreased from pre and post ofisimlated soecer matches.

4.5.6 Basophils assay-

Basophils nUn;b_er at pre, immediater poét and 1h post of simulated soccer
matches in both placebo and glutamine supplementation-were not significant different.
However, basophils significantly_increased post when_compared to pre of simulated
soccer matches ! both placebo’ and-glutamine’ supplementation. Moreover, basophils
decreased 1 h post when compared post of simutated soccer matéhes both placebo

and glutamine supplenmentation (2 <¢0.05).

4.5.7 Hct
Hct at 1 h post of simulated soccer matches compared between placebo and
glutamine supplementation were significant different. However, Hct at post-match

significantly increased from pre-simulated soccer matches in both groups. Then, Hct at
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1 h post match significantly decreased compared to post of simulated soccer matches

(p <0.05).

4.5.8 MCV

MCV at pre, post and 1 h post of simulated soccer matches in placebo and

glutamine supplementation were not significant different. However, MCV at post and 1 h

post match significantly decreased from pre-simulated soccer matches in both placebo

and glutamine supplementation

’W//y

P — value

0.11

0.11

0.27

CBC 1 h post P - value
WBC (10°/uL)
- Placebo 9.91 (2.54)° 0.00"
- Glutamine suppleme 7(1.75)° | 1019 (2.67)° | 0.00°
P —value 0.76
Neutrophils (10/uL)
- Placebo . 7.21(2.47)° | 0.00°
- Glutamine SupL 8 7.69 (2.58)° 0.00°
P — value 0.59
Monocytes (10 /pL
i Placeboﬂ u EJ ’] ‘V] E%ﬁﬂw EJaﬂoﬂfj 0.46 (0.12° | 0.00°
- Glutamlneuupplementatlon 934 (0.08) O 52 (0.11)° 0.48 0.12)° 0.00°
- QRIAIN TN IRV BEIA Y=
Lymph8cyte (10°/uL)
- Placebo 1.97 (0.36) | 2.85(0.62)° 1.89 (0.48)° 0.00°
- Glutamine supplementation | 2.19 (0.37) 2.63(0.79) 1.75 (0.52)° 0.00°
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CBC Pre Post 1 h post P - value
Eosinophils (10°/uL)
- Placebo 0.37 (0.35) 0.40 (0.43) | 0.31(0.34)"° 0.01°
- Glutamine supplementation | 0.33 (0.28) 0.30 (0.27) | 0.23(0.23)"° 0.00°
P — value 0.34 0.11 0.10
Basophils (107/pL) 4
- Placebo » )4 0.07 (0.02)° | 0.04(0.02° | 0.00°
- Glutamine supplementation. | 0.05,(0.03)~{++0:06 (0.03)" 0.05 (0.02)° 0.00°
P — value . 7 0.41
Hct (%)
- Placebo ) | 42.79 (1.64)° 0.00°
- Glutamine supplei )b 43.68 (2.12)° 0.00°
P — value 0.02°
MCV (fL)
- Placebo 68(4.70)° | 82.68 (4.64)° 0.00°
- Glutamine supplementatiojr 83.04 (4.86)IO 0.00°

).| 82.98 (4.70)°

P — value

0.21

= S|gn|f|cantdn‘ferenEwnhm groups (p < 0.0¢

:i:z::::z:::ég ﬁmﬁ s

fFf

< 0.05)

st-match (p < 0.05)
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Figure 4.5 Complete blood COUI’]—’[ (CBC) Compéred petween and within group at pre,

post and 1 P post

* = Significant difference within groups compared to pre-match (p < 0.05)

1 = Significant difference within groups compared to.immediate post-match (p < 0.05)




CHAPTER V
DISCUSSION AND CONCLUSION

The purpose of this study was to investigate the effects of glutamine
supplementation on leucocytes number and fatigue after simulated soccer matches in
Thai youth soccer players. Twelve male soccer players volunteered to participate in this
study with written informed consents. The characteristics of the subjects in table 4.1
showed that the maximal oxygen consumption was high. This indicated that the subjects
represented those who had high cardiovascularditness.

2
Physical performance

The physical perfefmance accor&iing to the BEAST protocol (simulated soccer
matches) included circuit time; 12 m‘Sprin't time, 20 m sprint time and sport specific skill
(vertical jump and shooting agcuracy). Th”:‘(; results demonstrated subjects in glutamine
supplementation group had mare tqleranc'i_?-JtloJfatigue than subjects in placebo group.
Glutamine supplementation signific_&:}‘nt augniﬁpdn-fed 20 'm sprint performance during 1%
half and 2™ half. In addition, RPE of“glutamirﬁétﬁ‘pplementation subjects was significant
lower at the end of 2™ half. = _4 :

During soceger,it_is_common._fo_observe _a_@radual decline in physical
performance. Specifiéally, Abt et al. (2003) reported 8% drorb‘ in sprint performance after
a 90 minute non-motorized treadmill simulation protocol. The results in this study also
showed decregse 0f R0 msSprintitime afterthedBEAST at 6.09% in placebo group and
4.18% in glutamine supplementation group. Thus glutamine supplementation exhibited a
better sprintgperformance than-placebao:

Williams et al. (2009) reported 4.33% decrease of Vertical jump after 90 minute
soccer performance test (BEAST,,). A decrease of 3.58% vertical jump in glutamine
supplementation and 0.80% in placebo after the BEAST were observed suggesting that

the BEAST induced fatigue. However, it was unclear whether glutamine supplementation

has effect on vertical jump performance.
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Effects of glutamine supplementation on fatigue after simulated soccer protocol

Fatigue parameters including heart rate, RPE and %fatigue level were found
significant difference within groups compared to pre-exercise. Moreover, mode of RPE
level in glutamine supplementation at 2" half (the end of simulated soccer match) was
significant lower than placebo. The lower RPE represented a lower psychological
fatigue. Similar results of %fatigue level were also observed.

Following competitive soccer match play, an average intensity was closed to the
anaerobic threshold, being 80%-90% of ‘maximal heart rate (HR__) (Helgerud, 2001;
Reilly, 1994; Van Gool, 1988). Heart rate at the end of 1* half and 2" half in both groups

2
were approximately 85% and.83% of HR - respectively demonstrated intensity of

X

simulated soccer match insthis study was close to anaerobic threshold.

\

Metabolism of glutamine en ammonia, uric acid, urea, lactate and glucose

_—

Ammonia has been used as an idpicator of metabolic activity during exercise
because it is associated with the requirerﬁgnt}_and production of ATP. Previous study
showed that high ammonia levels can be td&tcﬂ _to pboth muscles and the central nervous
system (CNS), and induce periphéral and celtréf fatigue (Banister and Cameron, 1990;
Castell and Newsholme, 1997;-Eriksson et ékl'.‘,,"'1985; Graham et al., 1997, Sahlin et al.,
1990). This study shewed-that-ammonia-concentration-at-pre, immediate post and 1 h-
post of simulated soccer matches were not significant différent between placebo and
glutamine supplementétion groups. Due to decrease “the toxic effect caused by
increased ammonia, the 'CNS enhances™~glutamine *(GlIn): synthesis to buffer free
ammonia. The cohcentrations of plasma GIn decrease as a function of exercise intensity
becauseyofithesincrease ingluconeogeneasisiand ureaisynthesis (€ameron et al., 2007).
It was cansistent with this study that blood urea concentration raised from baseline at
the end of the games and continue rising at 1 h-post soccer game. The significant
increase of urea concentration in glutamine supplementation group confirmed the
increase metabolism of glutamine in this group.

Boyum et al. (2002) showed that uric acid and urea increase during high-
intensity exercise in response to the IMP and ammonia clearance demand. The result of

this study showed that uric acid concentration in pre, immediate post and 1 h post of
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simulated soccer matches were not significant different between groups. Moreover, urea
concentration of immediate post and 1 h post of simulated soccer matches compared
between placebo and glutamine supplementation were significant difference. However,
uric acid and urea concentration significantly increased at immediate post and 1 h post
compared to pre-simulated soccer matches both placebo and glutamine
supplementation (p < 0.05). Glutamine supplementation had a lower uric acid
concentration than placebo at immediate post and 1 h post-match. On the other hand,
glutamine supplementation had significantly higher urea concentration than placebo at
immediate post and 1 h post-match.

The intense exercise«periods dtjring a soccer game lead to high anaerobic-
energy turnover with an.assogiated aCCLfmuIation of lactate and lowering of pH in the
exercised muscles. In addition, aiter 90 |“minutes of standard training was significantly
increased blood lactate’ (Karakoe ‘vet aI.L_,dI'2005). In this study showed that lactate
concentration of pre, postand 1 h"post o%i simulated seccer matches when compared
between placebo and glutamine ,-Supplé;h.eniation were not significant difference.
However, lactate concentration sighificantl;{ﬂihcr'eased post when compared to pre of
simulated soccer matches. At =post—matfé!frzjfﬂIactate concentration in glutamine
supplementation was:lower thé_ri"placebo. I\/Ig'féé\}ér, Karakec et al. (2004) showed that
the increase in plasmé"giucose concentration after trainin"gjr'nay be due to raised blood
lactate concentration. On the other hand, lactate concentration decreased 1 h post
when compared to postrof. simulated soccer matches both placebo and glutamine
supplementation | (p < 0.05). After-exercise, excess lactate is converted back into
glucose in the liver. This newly made glucose can then be used to resynthesise the
glycogen depleted during exeraise (Abernethy, 1997).

In' this study showed that glucose concentration at pre of simulated soccer
matches when compared between placebo and glutamine supplementation were not
significant different. Mean and standard deviation of placebo and glutamine
supplementation groups were 95.00 (16.32) mg/dL and 87.33 (7.75) mg/dL respectively
which was in normal range (< 110 mg.dL) (Ensminger et al., 1994).This was to confirm

that muscle cells may use glutamine as energy fuel in the supplementation. Following

catabolism of glutamine as energy fuel, production of ammonia as waste product would
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be increase. At the same time that glucose was not utilized as the only fuel, amount of

lactic acid production would be decrease.

Blood cells

White blood cell counts increase after both laboratory and field exercise and at
the end of a football training session compared with baseline values (Perez et al., 2001,
Rebelo, 1998). This study showed significantly increased of white blood cell numbers at
immediate post and 1 h-post compared /to' pre-simulated soccer matches in both
placebo and glutamine supplementation.” Glutamine supplementation had increased
higher than placebo due to glutamine is"{JtiIized at high rates by leukocytes (particularly
lymphocytes) to provide enefgyand optimal conditions for nucleotide biosynthesis and
hence, cell proliferation (Ardawi and Nevvlésholme, 1983). The increase of white blood cell
numbers in response to exerciselin these édbjeots may be attributed to a demargination
process caused by exercise or adren:alinéb(epinephrine) administration. Normally about
half of the blood leucoCytes are in a mafé[pql_ pool — that is, loosely adherent to the
vascular endothelium or ‘trapped in the m'-'igrocirculation. With exercise or adrenaline
administration, these cells are réleaded into thedrculatlng pool and the leucocyte count
rises, a process called demargination (Bunn '199?}

Neutrophil numbers-had-sgmi&eanﬂy-m&eased@t the end of a football training
session compared Wlth baseline values (Rebelo, 1998). Another study showed numbers
of circulating neutrophirlus- had returned to baseline in the’glutamine group compared to
the placebo group, in whom they were /still=slightly elévated (€astell and Newsholme,
1998). In this study showed that neutrophil numbers had significantly increased at
immediate gpostyand 10 hepost* eompared) to #pre=simulated rsoccer fimatches in both
placeboand glutamine supplementation. In addition, neutrophil numbers significantly
increased at 1 h-post match compared to immediate post- simulated soccer matches in
placebo. When compared between placebo and glutamine supplementation in pre, post
and 1 h post was not significant difference. Glutamine supplementation had increased
higher than placebo due to free oxygen radicals and prostaglandin released by the

elevated number of neutrophils (Pedersen and Hoffman-Goetz, 2000).
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The circulating monocyte numbers have been found to increase or not change
during and after acute exercise and may be decreased during prolonged periods of
intense endurance training (Mackinnon, 1999; Woods et al., 2000). In this study showed
that monocyte numbers had significantly increased at post and 1 h post compared to
pre simulated soccer matches both placebo and glutamine supplementation. When
compared between placebo and glutamine supplementation in pre, post and 1 h post
was not significant difference. Glutamine supplementation had increased higher than
placebo due to monocytes may influence thefunction of lymphocytes and contribute to
the impaired function of the later cells (Pederseaand Hoffman-Goetz, 2000).

Lymphocytes usually..increase Tn circulation during exercise and return to
baseline levels or belowsWithin .a few ' hours after exercise (Malm, 2004).In same,
exercise increases the cencentration of Iyl‘mphocytes in peripheral blood; however, 1 — 2
hours into the recovery, the lymphocytes ciéhnt decreases to, or even to below, the pre-
exercise level (Castell, 1997: Niglsen, 20(3;8).‘5In this study showed that when subjects
received placebo, lymphogyte numbers héd- significantly increased at post compared
pre of simulated soccer matches. Mé'jr.ébver, lymphocytes number significantly
decreased 1 h post when Compéreci to pre of;sfrﬁulated soccer matches. While subjects
received glutamine,-lymphocytés number;"fé'i:g‘fifif'icantly decreased 1 h post when
compared to pre ana:post of Sifulated soccer matches.;When compared between
placebo and glutamihe'supplementation in pre, post and 1 h post was not significant
difference. Glutamine rsupplementation had increasedr and decreased lower than
placebo due to'glutamine is used at-a high rate by lymphocytestand macrophages. It is
oxidized as a fuel and for the synthesis of DNA and RNA (Venkatraman and Pendergast,
2002).

Keen et al., 1995 showed that during a major multi-stage race in the evening,
individual eosinophil numbers was inside the normal range both in the morning and in
the evening. In the evening, eosinophil numbers was not significantly decreased 16%, it
is likely that the samples were taken as the count was still falling in the morning, and
rising again in the evening, leaving the observed values little different. However, in this

study showed that eosinophil numbers had significantly decreased 1 h post compared

pre and post of simulated soccer matches both placebo and glutamine
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supplementation. When compared between placebo and glutamine supplementation in
pre, post and 1 h post was not significant difference.

During a major multi-stage race in the evening, those of individual basophils was
inside the normal range both in the morming and in the evening. In the evening, basophil
numbers increased 28% higher than morning counts (Keen et al., 1995). However, in
this study showed that basophils significantly increased post when compared to pre of
simulated soccer matches both placebo and glutamine supplementation. In addition,
basophils decreased to be the same level ;asithe pre of simulated soccer matches
(p < 0.05). When compared between placebo-and glutamine supplementation in pre,
post and 1 h post was not sigaifieant diff;rence.

The result of this study showed that Hct of 1 h'post of simulated soccer matches
when compared between placebo anle‘ glutamine. supplementation were significant
difference. On the otheg'hand, MCV of gre post and 1 h post of simulated soccer
matches compared between placebo "',ana glutamine supplementation were not
significant difference. Bassini=Cameron e;ai‘l,_et._- (2007) showed that Hct have been

significantly increased after 90 minutes of éoéeer training. In this study, Hct significantly

'y d desr dd
increased post when compared to-pre of sim{aia‘ted soccer matches both placebo and
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glutamine supplementation. GiUt‘émihe suppFeméhfation hagd. a higher Hct than placebo

at immediate post ahé' I h post-match. Moreover, Hct signivfjvcantly decreased 1 h post
when compared to poé_t of simulated soccer matches bbth placebo and glutamine
supplementation. Howé;/er, MCV have been_significantly ;decreased after 90 minutes of
soccer trainingf(Karakae et al., 2005). In this study, also MCV isignificantly decreased
post and 1 h post when compared to pre of simulated soccer matches both placebo
and glutamine supplementation (p < 0.05). Glutaming supplementation had a higher

MCV than placebo at immediate post and 1 h post-match.

Conclusion

This study demonstrated that glutamine supplementation tended to increase
higher than placebo in WBC, neutrophils and monocytes of the innate immune system
which was responsible for inflammation process from exercise induced injury. In

addition, there was lower blood lactate in glutamine supplementation and significant
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higher blood urea in glutamine supplementation group, suggesting less fatigue and
faster ammonia clearance after simulated soccer matches. Thus glutamine
supplementation may improve immune function.

Prior to this study, glutamine supplementation was always deployed after the
exercise to prevent the upper respiratory infection and improve immune function of the
athletes. However, this study demonstrated the trend that glutamine supplementation at

the dose of 100 mg/kg body weight for five days before the soccer games not only

improved immune function but a ed slow.down the fatigue.
Further study should.be eol o ﬁhis finding by increasing number
™ 5 d .
of volunteers, developin fficient protocel for lactate analysis, and assay for
blood glutamine level ations ‘3'* fabolism of glutamine and lactic

acid production.
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Appendix A

Test for reliability of cross over research design

Cross over research design was used in this study. The data might be
influenced by not enough time for washout period (period effect) or the first drink had
effect on the second drink (treatment effect). In order to demonstrate that two weeks
washout period was enough to overcome the period effect and the treatment effect,

statistical analysis were performed as follows.

— Period effect: Mean difference .of .post and pre-simulated soccer game

v
blood ammonia concentration.was compared. between subjects in program A and
subjects in program B as showarinTable A.1. There was no significant different between

two groups (p=0.43) demonsirated that o weeks washout period was long enough to

avoid the carry over effeci &

_—

— Treatment period interéction:':]\/lé'an difference of post and pre-simulated
soccer game blood ammonia Comcentratidnj_-was compared within each subjects at in
program A and subjects in program-B as éhé‘wn in Table A.2. Comparison of means of

(AG + AP)/Z between program-A and program B using the independent sample t-

o

test showed p=0.46.. Therefore, Mo treatm nt" period interaction in this study was

observed. LY ,
The operationél é_jefinition of terms used in Table A.1 Vand A.2 are as follows.

Prograrﬁ‘ A* = Subjects received glutaminé supplementation followed by
2 weeks washaut and receiving placeba drink (N'= 7)

Program B** = Subjects received placebo drinks followed by 2 weeks
washoUt and receivng,glitamine supplementation’ drink’ (N.= 5)

/AG = Post and pre-game blood ammonia difference when received
glutamine supplementation

/AP = Post and pre-game blood ammonia difference when received
placebo drink

*** = Significant difference between program (p < 0.05) using

independent sample t-test.
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Table A.1 Comparison of blood ammonia mean difference between pre- and post-
simulated soccer games in subjects who participated in program A*/

program B** in order to investigate 2 weeks washout period effect (period

effect) (N = 7 and 5 respectively).

Ammonia (ug/dL)
Subject no
AG AP AG-APp
Program A*
1 ‘ ! 18.3
- ————
2 ‘ ; -65.4
i (\ i,
3 [ \ 75.4
5 | 2 <8 &\ 3 -30.5
6 & (= \ ‘ 19.1
a4i.ad
8 .5-922-.';3; 8.8
» ;
9 32807 | Al 9.3
é ,’.‘.:“'
Mean = .5 2.3
s 0 v FFPE R
e T
SD- . £ 44 .2
Program :
4 . -18.2 m -51.9
¢
7 & 53 4438 9.4
—AUHIYYY 19
1 ‘ 41, 2.2 94
9 ']
11 22,6 . -23.
A anmﬂq Y1 9 nnfﬂf“\y 4 f\i'; ?ﬂ
q N d1 . WI3A.4" L I%A
Mean 34.0 18.2 -15.8
SD 14.0 26.5 24.6
P value*** of mean(SD) of mean difference of program A and B
=0.43
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Table A.2 Comparison of blood ammonia mean difference between pre- and post-
simulated soccer games in subjects who participated in program A*/ program
B** in order to test for treatment period interaction of the study (N =7 and 5

respectively).

Ammonia (ug/dL)

Subject no
(NG + AP)2
Program A*
1 13.2
2 67.4
3 RRES 46.1
5 /19400 s 22.8
6 # (= . | 441
i
8 599G 115
9 324847 Sl 37.5
Mean = - 5 34.6
B TR
SD : 20.2

, ‘ 5 (7
q 1 19, 34.4 2@7

Mean 34.0 18.2 26.1

SD 14.0 26.5 17.3

P value*** of mean(SD) of (AG + AP)/Z of program A and B
=0.46




Appendix B

Performance tasks at each station of the BEAST

1) Lap 1 (half circuit)
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Station Task Task Description Performance measure

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

3 m walk Walk to next station

Sprint 12 m Straigh g sprint, slow 23 m Time
Run ' |
Stop
Walk
Run
Decelerate
Stop
Walk
Run
Decelerate
Stop
Slalom '.r;l

Stop Stop 8 sec

=AU IENTNINT

75% run 28 m

AT A NS Y

Backpedal Jog backwards 7 m
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2) Lap 2 (half circuit)

Station Task Task Description Performance measure
1 3 m walk Walk to next station

2 Sprint 20 m 20 m straight line sprint, slow 15 m  Time

3 Run 75% run 5m

4 Stop Stop 8 sec

5 Walk :

6 Run

7 Decelerate

8 Stop

9 Walk

10 Run

11 Decelerate

12 Stop

13 Run

14 Slalom

15 Stop

16 Walk

17 Run

18 Decelerate ‘Deoelerate 10 m

o el YRR INYING

20 Baokp al Jog backv\éards 7m

* ARTAINTHHATINY TR~
22 Yump X 3 Vertical jumps Jump height

23 RPE Rate of perceived exertion RPE Scale 6 - 20
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