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ABSTRACT

Vilmi, Nikke (2013). Oxygen uptake, acid-base balance and hwalhmesponses in maximal
300 - 400 m running in child, adolescent and adtlitetes. Department of Biology of Physical
Activity, University of Jyvaskyld, Master's thesiScience of Sport Coaching and Fitness
Testing, 55 pp.

The 400 m sprint demands both aerobic and anaeeokigy systems. During the race the acid-
base balance of the body is disturbed and thaétfiests on the oxygen uptake. The purpose of
this study was to investigate the oxygen uptake arid-base balance during and after the
maximal anaerobic running test in child (300 mpladcent (350 m) and adult (400 m) athletes.
Furthermore, the aim was also to determine aeratitanaerobic energy contributions during
the test for the different age groups.

Eight adult male 400 m runners (age22 years), eight male adolescent athletes (age 15
years) and eight male child athletes (aget1Byears) volunteered for the study. Participants
performed two running tests on the same 200 m intl@ek. The first test was a maximal
running test (MRT) and the second test was a,¥@unning test. In both running tests oxygen
uptake (VQ) was recorded with a portable gas exchange amalys®RT adult athletes ran
400 m, adolescent athletes 350 m and child athB8sm. VQ.« running test included three
different aerobic running speeds. Adults and adelets ran three times 800 m and children ran
three times 600 m. After these three runs the speesdincreased by 0.3 m/s every 200 m until
exhaustion. Blood samples to analyse lactaté) @ead pH were taken in the morning, before
and after warm-up, just before and 3, 6, 9, 12 305and 60 minutes after MRT and before and
3, 6,9, 12, 15 and 30 minutes after M}Qrunning test. Countermovement jumps (CMJ) were
performed before and after MRT. Energy system domions were estimated using
accumulated oxygen deficit (AOD) method.

Maximal oxygen uptake (VQa.y as the greatest 30 s average during thg¥@unning test
was 60.4 + 6.0 ml/kg/min for adults, 58.7 + 6.3 kglmin for adolescents and 55.6 + 5.1
ml/kg/min for children. Performance times in MRTn&é2.1 + 2.1 s in adults, 53.3 + 2.3 s in
adolescents and 53.6 + 5.7 s in children. In CMJjtimping height decreased after MRT in
every group, but significantly only in adolesce(fs< 0.01). VQuax during MRT using 30 s
averages was 50.3 = 3.9 ml/kg/min for children85b4.7 ml/kg/min for adolescents and 57.7
+ 3.0 for adults. Difference in oxygen uptake betwehildren and adults was significant (P <
0.05). These results were 91 £ 11 %, 96 + 7 % d&hd 9 % from VQnax measured in Ve
running test. Peak oxygen uptake (¢&) during MRT using 5 s averages was significantly
lowest in children (53.1 + 4.6 ml/kg/min) comparedadolescents (59.9 + 3.7 ml/kg/min, P <
0.01) and to adults (60.7 = 2.4 ml/kg/min, P < (.@dring MRT. After MRT Lawas greatest
in adults (17.4 £ 1.8 mmol/l) compared to adolesegi3.3 + 3.7 mmol/l, P < 0.05) and
children (10.2 £ 1.1 mmol/l, P < 0.01). Blood pHsnMawest in adults (6.97 + 0.06) compared
to adolescents (7.14 + 0.07, P < 0.05) and to @ild7.18 + 0.03, P < 0.001). The estimated
anaerobic energy percentage during MRT calculasasuAOD method was greatest in adults
(53 £ 5 %) compared to adolescents (44 + 7 %, FOS)@nd to children (45 £ 5 %, P < 0.05).

The present data demonstrated that all age graupd achieve over 90 % of their real maximal
oxygen uptake during maximal anaerobic 52 - 54rsand adult male athletes used mainly
anaerobic energy and achieve greater acidosisatialescents and children who used mainly
aerobic energy. This study suggests that trairongfe-pubertal children should focus on skill,
speed and endurance and for post-pubertal the &eudd transfer more to anaerobic training.

Keywords: Long sprint running, 400 m run, oxygen uptakéd-d@se balance, hormonal
responses, pH
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1 INTRODUCTION

The 400 m run is the longest sprint event in aitdgtrack and field). It has belonged to
the athletics program at the Summer Olympics sit8%6. For elite level male runners
it takes about 44 s to 46 s to run 400 m. The watdrd is currently 43.18and it was
made by Michael Johnson in the World Championsim&evilla 1999.

The 400 m sprint is a unique race distance becaluee need of great running speed
(average speed 9.26 m/s in Johnson's world recordand the need of endurance to
keep up that running speed during the whole raeeaBse of these two needs, all three
energy systems are important for optimal resulth@ 400 m race. Newsholme et al.
(1992) in their classic work evaluated that in mai 400 m running energy
contribution to adenosine triphosphate (ATP) isfaltows: phosphocreatine (PCr)
12.5%, anaerobic glycolysis 62.5% and aerobic gn@mduction 25%. All three
energy systems are working all the time during nugnbut the emphasis is different. In
the beginning of the run the first energy systemwoiwes mainly the splitting of the
high-energy phosphagen, phosphocreatine, whichthegevith the stored ATP in the
cell provides the immediate energy in the inititdges of 400 m race. The second
energy system involves the anaerobic breakdown wdcte glycogen and the third
energy system, aerobic (oxidative) metabolism, Ive® the combustion of mainly
carbohydrates and probably little fats in the pmeseof oxygen. Anaerobic energy
production is dominant during the first half ane therobic energy production during
the second half of the 400 m race (Spencer andirGa801). Because of the fast
metabolic reactions during the 400 m race, the-bagk balance of the body is
disturbed by the increase of free hydrogen ion¥.(Mhis increase in hydrogen ion
concentration causes acidosis in the body andtlteisnain reason of fatigue during the
400 m race (e.g. Hanon and Gajer 2009). The tatakembic energy production
(anaerobic glycolysis and PCr together) is the tgetaenergy system during a 400 m
race and has been reported to be 57 - 65 % ofotaé énergetic needs during a race
(Duffield et al. 2005; Spencer and Gastin 2001;H&bet al. 2010) and might be even
as great as 75 % in top level athletes (Newsholnaé €992.)



Previous results have indicated that the peak oxyge#ake reached during a 400 m
running race or in 400 m treadmill running is betw&0 and 95 % of V&« (Duffield

et al. 2005; Hanon et al. 2010; James et al. 2D@Mmmela and Rusko 1995; Spencer
and Gastin 2001). There have also been report®xygen uptake decreases during the
last 100 m of the 400 m race (Hanon et al. 2010) andsthilar decrease has been
reported during other maximal exhaustive runningreises realized on constant pace in
treadmill running (Nummela and Rusko 1995; Peritegl.€2002) or in field conditions
(Hanon et al. 2007; Thomas et al. 2005).

After the 400 m race blood lactate concentratiamatoise to over 20 mmol/l (Lacour et

al. 1990) and after the simulated 400 m race bjgddould drop to 7.00 (Hanon et al.

2010). In the top class runners immediately after 400 m run the total and free
testosterone concentrations have decreased frorrupregalues. Whereas in athletes
with lower training level there has been an inceesssthe total and free testosterone
concentrations (Slowinska-Lisowska and Majda 2002).

Children have similar maximal aerobic capacity asnpared to adults. However,
children have been found to have lower anaerobp@aaty. Maximal oxygen uptake
relative to body weight is observed not to changewen to decrease, while there is a

growth related increase in anaerobic performaneeotescence. (Zwiren 1989.)

Previous studies have been focused on adult sslgect to the best knowledge of the
author, this is the first study to investigate miggrrelated differences in oxygen uptake
and acid-base balance in maximal anaerobic runpegormance. Therefore, the

purpose of this study was to investigate oxygemakgtacid-base balance and hormonal
responses during 400 m running in adult male ahl@ind to compare the results to
those of adolescent and child athletes runningtehdistances (300 m or 350 m) so that

duration of the run was similar (about 50 s).



2 AEROBIC AND ANAEROBIC ENERGY METABOLISM IN
EXERCISE

The immediate source of energy for muscle contrasticomes from the hydrolysis of
adenosine triphosphate (ATP). Each kilogram ofetlélmuscle contains 3 to 8 mmol
of ATP (McArdle 2007, 166). As ATP exists in vepw concentrations in the muscle,
and regulatory mechanisms appear to prevent itsplden degradation, there are
chemical pathways to regenerate ATP. The anaerphibiways are capable of
regenerating ATP at high rates. However, the amotiahergy that can be released in a
single bout of intense exercise is limited. In cast, the aerobic system has an
enormous capacity yet is somewhat hampered in hittyato deliver energy fast.
(Gastin 2001.)

The anaerobic energy system can be devided intcti@land lactic components,
referring to to the processes involved in the 8pftof the stored phosphogens, ATP
and phosphocreatine (PCr), and the nonaerobic thogak of carbohydrate to lactic acid
through glycolysis. (Gastin 2001.) When ATP concaidn starts to decrease, the first
process to produce more ATP involves the splitththe high-energy phosphagen. PCr
together with the stored ATP in the cell providee tmmediate energy in the initial
stages of intense or explosive exercise (GastilR0duscle contains 4 to 5 times more
PCr than ATP (McArdle 2007, 166).

The second process involves the nonaerobic breakadwarbohydrate, mainly in the
form of muscle glycogen, to pyruvic acid and thactit acid through glycolysis (Gastin
2001). In the anaerobic glycolysis the maximal gneransfer rate is about 45 % that of
the high-energy phosphates. In a way, anaeroboolylsis buys time. It allows ATP to
form rapidly by substrate-level phosphorylationerevthough outstrip the muscle's

capacity to resynthesise ATP aerobically. (McAr2087, 166).

Aerobic energy metabolism refers to energy-genegatiatabolic reactions in which
oxygen serves as the final electron acceptor inreébpiratory chain and combines with

hydrogen from water. Oxygen presence at the "enithefine" largely determines the



capacity for aerobic ATP production and sustairnigbibf high-intensity endurance
exercise. (McArdle 2007, 144.)

2.1 Energy system contributions in exercise

Aerobic energy release from the combustion of daybdmtes and fats is readily
guantified, as there is a direct relationship betwthe oxygen uptake (\Pmeasured
at the mouth and a whole-body aerobic productioM®P (Astrand 1981). For each
litre of oxygen [at standard temperature, pressume density (STPD)] utilised in the
respiratory chain, approximately 20 kJ is yield&ktermination of the metabolic
respiratory quotient (RQ) to quantify the propantiof carbohydrate and fat broken
down provides an exact measurement of the aerabige yield. (Gastin 2001.)

On the other hand, methods to quantify anaerob&rggnrelease are less precise. As
anaerobic ATP production is an intracellular precegth little reliance on central

processes, a universally accepted method doexisbt @astin 2001.)

The peak blood lactate concentration is often useda measure for evaluation of
anaerobic energy release during exercise (Jacd®8).18lthough lactate in the blood
may provide an indication of the extent of glyc@dyst cannot be used to quantify
muscle lactate production nor does it provide alycation of the energy derived from
the stored phosphagens, ATP and PCr (Gastin 2004¢ peak blood lactate
concentration cannot be recommended as a bastofigparison of anaerobic capacity
in different subjects (Medbg 1987).

The amount of oxygen taken up in excess of thangestalue during the recovery
period has been referred to as the oxygen debtti(G2801). The classical oxygen
hypothesis predicted that the volume of oxygen coresl after exercise was linked to
the metabolism of lactate during the post-exercesmvery period (Hill and Lupton
1923). However, the use of oxygen debt as a measusmaaerobic energy release has
been discredited by several authors (Hermansen; M&®dewalle et al. 1987; Saltin
1990).



Ergometric assessments of mechanical work are érgtyuused as noninvasive, indirect
and performance-based measures of power and capddihe three energy systems.
Contribution of the energy systems is dependenthenintensity and duration of the
work effort, such that tests generally attempt étect a duration that maximizes the
contribution of one particular energy system whiiaimizing the contribution of the
others. In practice, the energy systems are oyeglhat any given time during exercise
and it is impossible to measure just one energiesys power or capacity. (Gastin
2001.)

The use of the needle biopsy technique has endhledlirect measurement of the
decrease in muscle ATP and PCr, as well as acctioulaf metabolites like pyruvate

and lactate, thereby allowing an assessment oamlaerobic energy production of the
biopsied muscle. The muscle biopsy technique pesvidhe measurement of
concentrations and not amounts. Having determitnashges in ATP, PCr and lactate
concentrations, the total anaerobic energy reledhsgng whole-body exercise is

calculated by estimating the active muscle masslwed in exercise. (Gastin 2001.)

Main problems with this method are inaccurate ediiom of the active muscle mass
(Gastin 2001), low representativeness of the bigasyple (Blomstrand and Ekblom

1982), and a possible underestimation of the abéerenergy release because of
changes occurring between the cessation of exeatidethe attainment of the biopsy
sample (Bangsbo 1998; Gastin 1994).

The concept of accumulated oxygen deficit (AOD) wiest introduced by Krogh and
Lindhard (1920) and has been used since as a nteamstermine anaerobic energy
production during both sub- and supramaximal egerdduring supramaximal exercise,
the appropriateness of its use relies on the walafithe assumption that supramaximal
energy demand can be determined from the relatipnsétween submaximal work
intensity and oxygen consumption (Gastin 2001). Tuantification of anaerobic
energy release using the AOD method might be usterated during very short,
intense exercise where average power outputs dieal@/e maximal aerobic power,
as the efficiency relationship used to predict gpetemand may not remain linear
(Bangsbo 1998). Several investigators have repodedreasing efficiencies with
increasing power output (Gaesser and Brooks 197agden and Welch 1978;

Luhtanen et al. 1987). However, the linear extrapoh of submaximal work may



inherently compensate for this changing efficieray,it is similar to the calculation of
delta efficiency in that it reflects each additibmacrement in work (Gastin 1994;
Gastin et al. 1995). In so doing, it follows chamge any point along the regression of
energy release and exercise intensity (GladdenVdalth 1978). Ramsbottom et al.
(1994) suggested based on their results that th® Aga unique and reproducible
physiological characteristic, which is strongly redated with sprint capacity. Since the
AOD is defined as the difference between the actat®d oxygen demand and the
accumulated oxygen uptake, an error in the measaxggen uptake will also affect the

calculation of the accumulated oxygen deficit (Meddh al. 1988).

To summarize the various methods estimating anaemfergy metabolism during
exercise we can say that from the methods listesteathe muscle biopsy technique and
the accumulated oxygen deficit method provide tb& possible insights into anaerobic

energy production during intense exercise (Ga€01

Gastin (2001) collected data from over 30 studied based on those studies he has
estimated energy contributions on different duraiof intense exercises lasting from
ten seconds to four minutes (Table 1). Earlier NeAme et al. (1992) collected data
from various studies and did estimations of thecg@etages of the contributions of

different fuels to ATP generation in various rurgigvents (Table 2.)

TABLE 1. Estimates of anaerobic and aerobic eneaytribution during selected periods of

maximal exercise (Gastin 2001).

Duration of exhaustive exercige  Anaerobic Aerobic

(s) % %
0-10 94 6
0-15 88 12
0-2C 82 18
0-3C 73 27
0- 4kt 63 37
0-6C 55 45
0-7t& 49 51
0-9C 44 56
0-12C 37 63
0-18C 27 73
0-24cC 21 79




TABLE 2. Estimate of the percent contribution offelient fuels to ATP generation in various

running events (Newsholme et al. 1992).

Percent contribution to ATP generation
Phospho- Glycogen Blood Triacyl-
Event creatine Anaerobic Aerobic glucose glycerol
100 M 50 50 - - -
200 M 25 65 10 - -
400 M 12.5 62.5 25 - -
800 M 6 50 44 - -
1500 M é 25 75 - -
5000 M é 12.5 87.5 - -
10 000 M é 3 87 - -
Marathon - - 75 5 20
80 KM - - 35 5 60
24 H Race - - 10 2 88

% In such events phosphocreatine is used for thet few seconds and, if it has been

resynthesized during the race, in the sprint tdithsh.

Not just the duration of intense exercise but #eotraining background of the athlete
can affect energy contributions. Gastin and Lawg®94) tested sprint trained and
endurance trained cyclists in 90 s of all-out cyotercise (Figure 1). They reported that
the sprint trained group had significantly greggeak power output. Although the final
VO, during the test and the separately measureg,)@ the sprint group were lower
than in the endurance group, Y&inetics were faster in the sprint trained attdeta
both groups final power output is almost directtyributable to the rate of aerobic
energy supply, providing clear support for the #nse of an anaerobic capacity. In a
study by Nummela and Rusko (1995) it was also tegdothat sprint trained subjects
had greater anaerobic contribution, oxygen defiaipning speed, peak lactate and
oxygen demand but lower oxygen uptake compareddarance trained athletes in 50 s
supramaximal run on treadmill. The difference irrgyy production between the sprint
and endurance trained athletes occurred only duting second half of the
supramaximal exercise when sprinters used morarberobic and endurance athletes

aerobic pathways for energy production (NummelaRuasko 1995).
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FIGURE 1. Relative contribution of the three enesggtems to the total energy supply during
90 seconds of all-out cycle exercise. Participamse 6 male sprint-trained cyclists (mean
VOomax 58 ml/kg/min) and 8 endurance-trained triathlgi@gan VQ.x 65 ml/kg/min). Data

from Gastin and Lawson (1994).

2.2 Energy metabolism in children

Absolute aerobic capacity as well as absolute ahative anaerobic capacities have
been observed to increase with growth. Aerobic c@pahowever, when expressed
relative to body weight, remains the same or evamahses with age. Limited evidence
suggests that training during prepubescence doescrease maximal oxygen uptake
values beyond that attributed to growth. Howevacreases in anaerobic metabolic
systems and in Wingate Anaerobic Test (WAT) scomséh training, beyond that

expected from growth, have been observed. (ZwiBg921

Children are characterized by a weaker anaerolpaciy and similar aerobic fitness
compared with adults (Rowland 2007). Decreasedrahaeperformance of children
has been related to lower glycolytic enzymes cotmagan and activity, lower glycogen

concentration, probably associated to the repor@der post exercise lactate
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concentration after exhaustive exercise (Berthoial.e2003; Eriksson et al. 1971). On
the contrary, children are characterized by bettarscle oxidative metabolism,
represented by faster oxygen uptake at the onsexatise (Fawkner and Armstrong
2003). There is an almost linear increase in boy®;max (I/min) in relation to

chronological age between ages 8 and 16 (Armsiebagy 2011).

The blood lactate concentration after maximal skerh, high-intensity exercise has
been frequently described to be lower in childigantadolescent and adults. However,
such cases should be considered with care bedaeiddood lactate concentration does
not reflect only an increase in lactate in the nreusompartment but also a number of
other processes modulating the transport of lagtdteand its elimination out of the
blood compartment. In a study made by Beneke e{28l05) they compared blood
lactate kinetics at 30 s Wingate test in childiea@ + 0.6 years), adolescent (16.3 £ 0.7
years) and adults (27.2 = 4.5 years). Maximal bldadtate concentration and
corresponding time were lower (P < 0.05) in chifld(@0.2 £ 1.3 mmol/l and 4.1 + 0.4
min) than in adolescent (12.7 £ 1.0 mmol/l and £.6.7 min) and adults (13.7 £ 1.4
mmol/l and 5.7 + 1.1 min). The difference in thendlics of the blood lactate
concentration between children, adolescent andtadyppears to reflect a lower
extravascular increase in lactate generated by niaximal short-term exercise
combined with faster elimination of the blood laetaoncentration. The extravascular
increase of lactate seems to have a maximum dutieg third decade of life.
Nevertheless, the latter does not support the hgsat of a reduced muscular glycolytic
rate, but it is consistent with lower relative mlasmass, greater relative total lactate
water space and favourable conditions for the aemletabolic system in children than

adolescent and adults, respectively.

In a study made by Mero (1988) he investigated dllaatate production in anaerobic
exercise in 19 trained and 6 untrained prepubestays. Peak blood lactate
concentration after 60 s maximal bicycle ergométet was 13.1 + 2.6 mmol/l in the
trained group and 12.8 + 2.3 mmol/l in the untrdigeoup. Following the 15 s maximal
bicycle ergometer test blood lactate concentraiiomll subjects was 60.6 % of the
values measured after 60 s test.
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3 ACID-BASE BALANCE IN HUMAN BODY

Acid-base balance means the condition of the bolgrey hydrogen ions’ intake and
production are in balance with the hydrogen ionaeah Normally in the human body
there is a balance between acids and bases. Aaidubstance that can emit a hydrogen
ion (H*). Base, on the other hand, is a substance thatemve a hydrogen ion.
Hydrogen ion is a single free proton that is leflem a hydrogen atom has emitted its

only electron.

The concentration of free hydrogen ions determimeg acidic the solution is. Because
hydrogen ion concentration is normally low, andrades in concentration can be quite
high, it is customary to express hydrogen ion cotreéion on a logarithm scale, using
pH units. pH is related to the actual hydrogen ammcentration by the following
formula pH = -log [H]. When the solution is neutral, its pH value isese When the
pH value is below seven, the solution is acidi@ arfhen the pH value is greater than

seven, the solution is basic.

For normal functions of the human body, acid-baakarxre is a significant factor.
Hydrogen ion concentration has great influence,ifigtance, on enzyme activity. In
arterial blood the normal pH is 7.4. When pH isolel7.4 the term for that condition is
acidosis, and if pH is greater than 7.4 the terntHat condition is alkalosis. The lower
limit of pH at which a person can live more thafew hours is about 6.8, and the upper
limit is about 8.0. Acidosis and alkalosis can Inad#d into respiratory and metabolic
acidosis and alkalosis by their origin. Acidosisl akalosis are usually just temporary
conditions but they can also turn to chronic cands. In veins and extracellular matrix
pH is usually slightly lower, about 7.35, becausegater concentration of carbon
dioxide. In cells, pH is also lower than in artétidood because of the acids that are
produced in cells during normal metabolism. (Guyaod Hall 2006, 383-384.)

There are three independent variables, which affgdtogen ion concentration in the

human body: strong ion difference (SID), total camication of the weak acids {f

and partial pressure of carbon dioxide (pOThe strong ion difference is the
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difference between the sums of concentrationsrohgtcations and strong anions. A
simplified formula for this can be written as: SHNa* + K+) — (Ct + La). When SID
increases hydrogen ion concentration decreaseshanefore pH increases. In practice

At means albumin and phosphate concentrations betzesetwo are the main weak
acids. (Kellum 2000.) &; = A- + AH where AH is associated form of weak electiedy

and A is dissociated form. The formula describes thalteffect of weak acids.
(Heigenhauser 1995.) Rise in the partial presstdireadbon dioxide also raises the
hydrogen ion concentration. Changes in these inbgo# variables cause also changes
in dependent variables, which are hydrogen ion eotmation and bicarbonate ion

concentration. (Kellum 2000.)

3.1 Chemical buffer systems

There are three primary systems that regulate kygiiraon concentration in the body
fluids to maintain the acid-base balance: (1) thenacal acid-base buffer systems of
the body fluids, (2) the respiratory center and 8 kidneys. The fastest of these
systems is the chemical acid-base buffer systenghwdtarts reacting within a fraction

of a second after the first change in hydrogen éoncentration. Chemical buffers

cannot eliminate hydrogen ions from the body, buoily &keep them bound until the

balance can be re-established. Hydrogen ions’ fiaoval from the body is done by
the other systems. (Guyton and Hall 2006, 384.)

Chemical buffer is a substance that can bind aoprand later emit it. The general form

of the buffering reaction is: Buffer + 'He> H Buffer. When free hydrogen ion
concentration increases, the reaction is forcetthéaright, and when free hydrogen ion
concentration decreases, reaction is forced tdetteln this way changes in pH are
minimized. (Guyton and Hall 2006, 385.)

Chemical buffer systems always consist of weak acid salt of the same acid. Like,
for example, carbonic acid ,80O; (weak acid) and sodium bicarbonate NaHCO
(bicarbonate salt). The most important buffers immhn body are bicarbonate,
phosphate and protein buffers. In blood the mogtomant buffer is haemoglobin,
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which is a protein buffer. H+ Hlb < HHb. The phosphate buffer system plays a major
role in buffering renal tubular fluids and intrdodédr fluids where concentration of
phosphate is high. Bicarbonate buffer is an impurbauffer especially in extra cellular
fluids and its function is linked to respiratorysggms functions as acid-base balance
regulator. (McArdle et al. 2007, 308-310.) About-80 % of the chemical acid-base
buffering is taking place in cells and rest 30—4Mn%xtracellular fluids. This is mainly
explained by the fact that in intracellular fluidsere are more proteins than in
extracellular fluids. Also phosphate ion concembratis greater in intracellular fluids
than in extracellular fluids. Furthermore, becaustacellular pH is lower than
extracellular pH phosphate buffer works betternitracellular fluid. (Guyton and Hall
2006, 387-388.)

3.2 Physiological buffer systems

After the body’'s chemical buffers function, the @ed line of defence, the respiratory
system, also acts within a few minutes to eliminedebon dioxide and, therefore,
carbonic acid from the body. An increase in hydrogs concentration in extracellular
fluids and plasma stimulates the respiratory cergreathing removes carbon dioxide
from extracellular fluids. Increased ventilationcoeases carbon dioxide concentration

and, therefore, also the partial pressure on cadomxide (pCQ), which is one of the

independent variables that regulate acid-base taladRemoval of carbon dioxide is
linked to acid-base balance also with bicarbonaféebthrough the following formula:
HCO; + HY > H,CO53 > CO, + H,0O

When hydrogen ion concentration increases the iozats forced to the right when
hydrogen ion and bicarbonate ion combine into aaidbacid and again carbonic acid
dissociate into carbon dioxide and water. Carbaxide is removed from the body
through lungs and reaction can continue moving e tight. So, an increase in
ventilation decreases partial pressure of carboridie and hydrogen ion concentration
and therefore increases pH. Respiratory bufferamglme up to two times more effective
than all chemical buffers combined (McArdle et28107, 310-311).
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The first two lines of defence keep the hydrogem ¢oncentration from changing too
much until the more slowly responding third linedaffence, the kidneys, can eliminate
the excess acid or base from the body. From allsattiat are formed in the body only
carbonic acid is removed by the respiratory sys@®ther routes must remove all other
acids. The main route to remove acids is to rentbeen in urine so kidneys have an
important role regulating the acid-base balancthenlong run. (McArdle et al. 2007,
311.) The kidneys control acid-base balance byetxay either acidic or basic urine.
That is done by controlling how much hydrogen arabbonate ions are excreted into
the urine. Usually the kidneys reabsorb much macarbonates than hydrogen ions
from the urine, which is important because otheawigdrogen ions would accumulate
faster than bicarbonates can buffer them. Norrmadlgut 90 % of the bicarbonate ions
in urine are reabsorbed to the blood stream. Thisals to about 4320 mEq of
bicarbonate in 24 hours. In the kidneys reabsamptib bicarbonate ions is linked to
secretion of hydrogen ions. For every bicarbonatethat is reabsorbed there must be
secretion of a hydrogen ion so the kidneys musted@cabout 4400 mEq of hydrogen
ions in 24 hours. In urine most of the hydrogersiane buffered and those that are not
buffered by bicarbonate, but some other buffeeyddree bicarbonates that can be also
reabsorbed back to the blood stream. This explhsmall difference in bicarbonate
reabsorption and hydrogen secretion. In acidoscarbonate ions reabsorption is
boosted and in alkalosis it is reduced. Bicarbor@is reabsorption and hydrogen ions
secretion are regulated by partial pressure of orarldioxide, hydrogen ion
concentration, bicarbonate ion concentration, @egsin |l, aldosterone and volume of
extracellular fluids. (Guyton and Hall 2006, 390+#39

3.3 Anaerobic energy metabolism and acid-base bale@

All energy that cells need comes from adenosiphdgphate (ATP). ATP stores in the
cells last only a few seconds in high intensity pbgl exercise. In the first seconds of
anaerobic physical exercise energy is produced fh@mnstant energy resources, which
are ATP and phosphocreatine (PCr). PCr can emghitsphate group and that group
can be added to an adenosine diphosphate (ADByo ATP. These energy resources
last only about six seconds. In longer anaerobigsighl exercise ATP is produced
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mainly via anaerobic glycolysis. (McArdle 2007, 1B&l, 231-233.) In anaerobic
glycolysis’ source material can be either glucosglgcogen and in the end product is

pyruvate.

glucose + 2 ADP + 2 P+ 2 NAD*

- 2 pyruvate + 2 ATP + NADH + 2 H,O + 2 H+
glycogen + 3 ADP + 3 R + 2 NAD*

- glycogen.; + 2 pyruvate + 3 ATP + NADH + 2 H,O + H+

If the need of energy is high and aerobic energiab@ism is not producing ATP fast
enough, pyruvate is turned to lactate. When we coenthese two reactions we get the

following reaction:

glucose + 2 ADP + 2 P— 2 lactate + 2 ATP + 2 KO

glycogen + 3 ADP + 3 R + H* — glycogen_; + 2 lactate + 3 ATP + 2 HO

When produced ATP molecules are dissociated, engmgyeased for the cell functions.

ATP + H,O — ADP + P, + H+

Phosphate ion that is released can buffer the kgidraon that is also released, but
usually phosphate is needed to form new ATP anchyldeogen ion stays free. That's
why especially this hydrogen ion is the main realswrthe acidosis in the human body
during exercise. When ATPs hydrolysis and anaerghjicolysis are combined, total

reaction can be written in a short form as follows:

glucose— 2 lactate +2H+

glycogen— 2 lactate +H+

Released lactate ion has its roles as being rat@rialafor making glucose and it also

facilitates hydrogen ion removal from muscle toragéllular fluids (the blood stream)
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via H" + lactaté symporters. (Robergs et al. 2004.) Bloods lactatecentration is a

usable marker for exercise intensity and adaptg@airns 2006).

A decrease in pH have been consired to be the faaiar in fatique during anaerobic
exercise. A decrease in pH effects on energy mbisabamechanisms and muscle
contraction. When pH decreases below 6.9 it inkiphosphofructokinase, which is an
important enzyme in glycolysis, and when pH de@sdmlow 6.4 glycolysis is totally
stopped. (Willmore and Costill 2004, 152.) Thiswibas also received some critisism
with to the observation that many studies in ismamuscle have been done in
unnaturally cold temperatures and, on the othed hstnength and power recovers faster
than pH after exercise (Westblad et al. 2002). Wadtet al. (2002) have presented that
phosphate ion that has been released from the BGIdvbe even a greater factor than
acidosis in causing fatigue. This theory has beeowsd to be false because the
phosphate ion realeased from PCr combines immdégiatth ADP molecule forming
ATP. Phosphate ions in cells are from hydrolysiA®P when physical exercise is so
intense that there is no balance between breakdmdrsyntetisation of ATP and both
phosphate and hydrogen ion are releashed into dtg. fRobergs ym. 2004.) In any
case, it is certain that hydrogen ion is not thly ¢actor that causes fatigue in intensive
exercise (Cairns 2006).

3.4 Acid-base balance in children

Acid-base balance in children is linked to thewéw anaerobic capacity compared to
adults. As stated in the previous chapter anaerglyicolysis and ATP breakdown
together produce free hydrogen ions and as chiltieere lower glycolytic enzymes
concentration and activity than adults they doproduce that much free hydrogen ions
as adults during high intensity exercise. In a wthg Klimek et al. (1998) untrained
pre- and post-pubertal boys (12 and 16 years oduig wested in a 30 s Wingate test and
post-pubertal boys exhibited a better tolerancdisturbances of acidasebalance as
reflected by a significantly greater increasesaictdte and hydrogen ion concentration
and a greater decrement of base excess. Leithatisdr (2007) compared acid-base

status after Wingate maximal anaerobic tests indem (12 year old boys) and
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adolescents (16 years old boys) and reported Haatges in blood lactate and acid-base
status are smaller and faster in children thandwlesscents and that the differences in
the extreme values seem to be smaller than thosengdal at given time points.
Differences in maximum blood lactate (children 16.2.3 mmol/l and adolescent 12.7
+ 1.0 mmol/l) and minimum pH (children 7.22 + 0.@8d adolescent 7.15 + 0.04)
cause corresponding differences in the metaboltcnbti in selected measures of the
respiratory compensation (Leithauser et al. 2007).
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4 ACUTE TESTOSTERONE AND CORTISOL RESPONSES IN
EXERCISE

Testosterone is secreted by the interstitial a#flikeydig in the testes, but only when
they are stimulated by luteinizing hormone (LH)nfrahe anterior pituitary gland.
Testosterone secreted by the testes in respongél tbas the reciprocal effect of
inhibiting anterior pituitary secretion of LH. (Gioy and Hall 2006, 1007.)

Testosterone has an anabolic, tissue-building @ol@ it contributes the male-female
differences in muscle mass and strength that emargbe onset of puberty. Plasma
testosterone concentration commonly serves as sigibgic marker of the anabolic
status. In addition to its direct affects on mugidsue synthesis, testosterone indirectly
affects a muscle fiber's protein content by prongtigrowth-hormone release.
Testosterone's effect on the cell nucleus remaargraversial. More than likely, a
transport protein (sex hormone-binding globulin,B&¥) delivers testosterone to target
tissues, after which testosterone associates witmeanbrane-bound or cytosolic
receptor. It subsequently migrates to the cell ewslwhere it interacts with nuclear
receptors to initiate protein synthesis. (McArd@®2, 437.)

No testosterone is produced during childhood wattibut the ages of 10 to 13 years.
Then testosterone production increases rapidlycespein boys under the stimulus of

anterior pituitary gonadotropic hormones at theebrts puberty and lasts throughout
most of the remainder of life (Guyton and Hall 20a®04). Plasma testosterone
concentration in females, although only one teh#t in males, increases with exercise
(McArdle 2007, 437). Acute increase in salivarytdsterone concentration has been
observed on post-pubertal boys after anaerobiceeissr (Thomas et al. 2009). It is
shown in many studies that on adult males bloom$ésrone concentration peaks right
after intensive exercise and decreases back texmesise values within an hour

(McArdle 2007, 438).

Cortisol is the major glucocorticoid hormone of thdrenal cortex and it affects

glucose, protein and free fatty acid metabolismrti€al is secreted with a strong
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diurnal rhythm; secretion normally peaks in the miog and diminishes at night.
Cortisol secretion increases with stress; thus gametimes called the stress hormone.
Even though considered a catabolic hormone, cégismportant effect counters
hypoglycemia and is thus essential for life. (Mclard007, 434.)

Cortisol turnover, the difference between its pithn and removal, provides a
convenient means to study cortisol response toceseerConsiderable variability exists
in cortisol turnover with exercise, depending otemsity and duration, fitness level,
nutritional status, end even circadian rhythm. Mpstearch indicates that cortisol
output increases with exercise intensity; this Ere#es lipolysis, ketogenesis, and
proteolysis. Even during moderate exercise, plasoréisol concentration rises with
prolonged duraton. Cortisol levels also can remelevated for up to two hours
following exercise, suggesting that cortisol playsole in tissue recovery and repair.
(McArdle 2007, 435.)

Studies for acute changes in testosterone andsabrxoncentrations after anaerobic
exercises have mainly shown increase in both cfeth®rmones. Stokes et al. (2013)
studied eight healthy non-obese young adults (18y&&rs) on 30 seconds cycle
ergometer sprint and measured testosterone andatadncentrations before and after
the sprint. This sprint exercise significantly ieased testosterone (P = 0.001) and
cortisol (P = 0.004). In other study made by Zaiealal. (2012) they tested track and
field athletes (speed runners) in repeated runwitly increasing time (each of the first
three repetitions lasted 15 s, whereas each afgbend three repetitions took 20 s, one
repetition was for 30 s and another repetitioneldgor 40 s and was performed at the
most speed and the most distance). Immediately thiteexercise there was significant
increase compared to pre-test values in corti€a8 4162 nmol/l vs. 686 = 251 nmoll/l,
P < 0.05) but not in testosterone (29.08 + 5.9231s90 = 9.42, P > 0.05). There are
also studies made with a protocol where subjeats7rtimes 35 m with 25 s of light
running between. Results have shown that in mobjests there has been acute
increase in testosterone and cortisol concentratidrandball players (Zivanoviet al.

2011) and football players (Pakt al. 2012) after the tests using this protocol.
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5 PHYSIOLOGY OF A 400 M RUN

The 400 m race takes about 44 to 46 s in elite malaeers and about 47 to 50 s in
national level male runners. The optimal perforngaimca 400 m running consists of a
fast start followed by an approximate 15 % decreaseelocity, relative to peak
velocity, during the last 100 m of the race (Hirearet al. 1992; Hanon and Gajer 2009;
Hanon et al. 2010). The decrease in speed is langaite runners compared to lower
level runners and the decrease in speed is maudytite decrease in stride length not
the stride frequency (Gajer et al. 2007). The laayeerobic contribution and
subsequent accumulation of metabolites (Kindermetral. 1977) may contribute to the
decrease in velocity observed in during the fir@0 in (Hanon and Gajer 2009; Hanon
et al. 2010).

During the acceleration phase of the 400 m spriostnof the ATP is resynthesized
through the breakdown of PCr and the role of glysislis small. Between 100 m and
200 m, the contribution of high-energy phosphatetuced and the role of glycolysis
is increased. After 200 m, fatigue is observed tedrunning speed starts to decrease,
although PCr is not depleted and lactate concemtrag not at maximum level. At the
end of the 400 m sprint, PCr stores are depletedlastate concentration attains an

individual maximum. (Hirvonen et al. 1992.)

After the 400 m race very high concentration ofdoldactate (from 18.5 to 20.1
mmol/l) has been reported in elite level male ruar(eacour et al. 1990; Slowinska-
Lisowska and Majda 2002). After the simulated 40€ages low blood pH values (from
7.07 to 7.00) (Medbg and Sejersted 1985; Hanonl.eR(40), high blood lactate
concentrations (from 13.5 to 22.0 mmol/l) (Ohkuweaak 1984, Medbg and Sejersted
1985, Nummela et al. 1992, Nummela et al. 1999, 1999, Reis et al. 2004, Duffield
et al. 2005, Hanon et al. 2010, Zouhal et al. 2@4&aslanidis et al. 2011, Bret et al.
2013), high muscle lactate concentration (17.3 nkgdl(Hirvonen et al. 1992) low
blood bicarbonate concentrations (from 4.9 to 7riiai) (Medbg and Sejersted 1985;
Hanon et al. 2010) and low blood p&(3.33 kPa) (Medbg and Sejersted 1985) have
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been reported. While similar data have not beeorte@ for a competitive 400 m race,

it is likely that similar changes occur.

There are not much studies about hormonal chamgé80 m race but in the study by
Slowinska-Lisowska and Majda (2002) they noticeal iimmediately after the 400 m
run in the group of top class sportsmen increanizing hormone (LH) (from 4.37 +
2.17 to 8.13 = 2.31 U/l) and follicle-stimulatinggimone (FSH) (from 3.05 = 1.91 to
4.75 + 1.83 U/l) was determined as well as decrgat®al (from 26.17 £ 5.84 to 23.13
+ 5.94 nmol/l) and free testosterone (from 74.6®.22 to 55.36 £ 11.26 pmol/l)
concentration. In the group of athletes with lowaining level increase in FSH (from
2.98 + 2.10 to 3.71 = 2.45 U/I) and total (from35+ 6.28 to 32.24 + 6.62 nmol/l) and
free testosterone (from 81.82 + 24.33 to 130.705459 pmol/l) concentration was
noticed. In both groups after the 24 h restitutithre examined parameters, except LH
levels in the group of top class sportsmen, shos@acentrations similar to those
before the run. (Slowinska-Lisowska and Majda 2p02.

5.1 Energy system contributions during a 400 m run

There has been great variation in the results wfies trying to determine the energy
system contributions during the 400 m run (TableE3en recent studies that have used
the same methods to calculate energy system cotitnis and have had similar level
athletes as subjects have got over 15 % differemseanaerobic and aerobic
contributions (Duffield et al. 2005; Reis et al.02). If we take the average or the
median from the results of these selected studeeget the result of about 66 % of
anaerobic and 34 % aerobic metabolism during 40@m Even if we select only the
studies that have used the most reliable methbdsjg, accumulated oxygen deficit for
calculating energy system contributions and measen¢s done on a real track (and not
on a treadmill), we get about the same results v@sage. On the other hand, as
mentioned earlier even in this selected group wudliss the deviation in the results is
huge so the real energy system contributions st@gtgpnable. It is also important to
remember that almost all studies have been domsarinlated 400 m races and not in

actual race situations and that might underestirtfaeanaerobic part of the energy
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system contributions. It is also speculated thatefarunners have greater total energy
cost in 400 m sprint and that it comes mainly frdma anaerobic half of the energy
contributions and, therefore, they also have gremt@erobic percentage compared to
slower runners on the 400 m sprint (Arcelli et a008). The anaerobic energy
contribution can also be devided into alactic aati¢ components, referring to to the
processes involved in the splitting of the storbdgphogens, ATP and phosphocreatine
(PCr), and the nonaerobic breakdown of carbohydratactic acid through glycolysis
(Gastin 2001.) It has been speculated that alaotigponent would be about 12.5 % and
lactic component about 62.5 % of the total energgingg a 400 m race in elite level

athletes (Newsholme 1992) but more research isetedcomfirm that.

TABLE 3. Anaerobic and aerobic energy system cbatidns in 400 m run in various studies.

Study Measurement Distancelime | Anaerobic| Aerobic
(m) (s) % %

Weyand et al. 1993 Treadmill (AOD) 400 ? 36 64
Medbg and Sejersted 1984 Treadmill (AOD) 335 57 56 44
Spencer and Gastin 2001 Treadmill (AOD) 400 49.3 57 43
Duffield et al. 2005 Track (AOD) 400 52.2 59 41
Nummela and Rusko 1995 Treadmill (AOD) 370 495 63 37
Spencer et al. 1996 - 400 ? 63 37
Zouhal et al. 2010 Track (AOD) 400 55.0 63 37
Duffield et al. 2005 Track (La and PCr) 400 52.2 65 35
Hill 1999 Treadmill and race (La) 400 49.3 68 32
Peronnet and Thibault 1989 Mathematical model 400 44 70 30
Lacour et al. 1990 Race (La) 400 ? 72 28
Ward-Smith 1985 Mathematical mode| 400 44.9 72 28
Newsholme et al. 1992 - 400 ? 75 25
Reis et al. 2004 Track (AOD) 400 53.9 76 24
Foss and Keteyian 1998 - 400 45 82 18
van Ingen Schneau et al. 1991  Mathematical model 400 44 .4 83 17

During the 400 m sprint the aerobic system contidloupercentage follows closely
oxygen uptake curve (Figure 3.) and reaches 50 &aut half way of the 400 m sprint
(Spencer and Gastin 2001).
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FIGURE 3. Energy system contributions (on the leftl) oxygen deficit and oxygen uptake (on
the right) in 10 s time intervals for the 400 m (@pencer and Gastin 2001).

5.2 Oxygen consumption during a 400 m run

A recent study by Hanon et al. (2010) indicateg tha peak oxygen uptake reached
during a 400 m simulated race is about 94 % obM@ although lower values have
been reported earlier (from 52 to 93.1 %) (Numnaid Rusko 1995; Spencer and
Gastin 2001; Reis et al. 2004; Duffield et al. 200&mes et al. 2007). However, these
studies did not exactly replicate the competiti@eer conditions and the sampling
windows for VQ kinetics have been varied between studies. Inlatesvalues these
are about 49 - 55 ml/kg/min (Hanon et al. 2010;f[@id et al. 2005; James et al. 2007).

The decrease in velocity during the final 100 m406D0 m race has been reported to
occur concomitantly with a decrease in M/@igure 4.). As there is similar decrease in
both speed and V(he oxygen uptake presented as ml/kg/m does rwease during
the last 100 m but stays flat (Hanon et al. 200@)e reason for the drop in the oxygen
uptake might be that acidosis inhibits oxidativeogphorylation and can limit ATP

supply in exercising muscle to below the mitochaadrapacity (Jubrias et al. 2003).
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FIGURE 4. Oxygen uptake (ml/kg/min) during 400 m (tdanon et al. 2010).

5.3 Fatigue in a 400 m run

Fatigue is the transient decrease in performangacity of the muscles, usually seen as
a failure to maintain or develop expected forcepower output. Both central and
peripheral mechanisms have been postulated asscatiseuscle fatigue. Any one of
the many links in the long chain from the voluntamptor centres in the brain to the
contractile apparatus in the single muscle fibemy montribute. (Asmussen 1979.)
While evidence does point to the central nervousiesy as a possible site of fatigue,
most research implicates changes in the peripherythe major limiting factor
(McLester 1997). Maximal muscle activation increaskiring 400 m run, especially
during the last 150 m. This indicates that neurplt is maximal during the last 100 m
as runner is trying to maintain the running spegiddespite of maximal effort fatigue in
muscle level forces running speed to decrease.qleeal. 1987, 198-199.) Nummela et
al. (1992) reported in their 400 m study that tlkeerdase in speed in the last 100 m of
the 400 m run with an increase in acidity and tiMG=orce ratio confirms that in
trained athletes fatigue in the 400 m sprint ismyarelated to the processes within
skeletal muscle and not to the central nervousesysiRunning velocity and stride
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length decrease and contact time increase duriegd@® m sprint (Nummela et al.
1992).

Because of the fast metabolic reactions duringd@@®m race, the acid-base balance of
the body is disturbed by increase of free hydrages (H). This increase in hydrogen
ion concentration causes acidosis in the body aisdhe main reasons of fatigue during
the 400 m race (Hanon and Gajer 2009).

At high intensity, short duration exercise like 480run, the accumulation of inorganic
phosphate (p due the use of the immediate (phosphagen) ersyigiem would occur

even prior to ionic concentration changes, andrefoes, may be one contributor to
fatigue. High concentration of inorganic phosphatksing exercise prevents the
powerstroke and causes a reversal of the crosgsrifigm the high-force to the low-
force states, resulting in a lower force productiapacity. This accumulation of
crossbridges in the low-force states, along withillasion at the proper frequency,
could possibly lead to activation of a parallelleyspecialized to oscillatory work. This
cycle would allow force production to continue, lawtlower level and greater cost. In
addition, any contributors to fatigue are exacethatoy high hydrogen ion

concentration. (McLester 1997.)
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6 PURPOSE OF THE STUDY AND HYPOTHESES

Prior studies have shown that adult male athlatesble to attain a high percentage of
their VOymax during the 400 m sprint and that there can bguifgiant decrease in VO
during the last 100 m (Hanon et al. 2010). Furtleeen400 m sprint causes great
decrease in blood pH (Medbg and Sejersted 1985pmHanal. 2010), which is the main
factor while determining acute whole body acid-bagkance. Little is known about the
differences in oxygen uptake, acid-base balance emelgy system contributions
between child, adolescent and adult athletes dufamgl after) maximal anaerobic

running performance.

Thus, the main purpose of this study was to ingagti the oxygen uptake response and
acid-base balance in the blood during and aftemtagimal anaerobic running test in
child, adolescent and adult athletes. Furtherntbeegim was also to determine aerobic

and anaerobic energy contributions during thefeeghe different age groups.

1. Research problem: Which percentage of;¥§can be achieved during a 50 s

maximal running test?

Adult athletes can achieve over 90 % of their,MQduring a 400 m run (Hanon et al.
2010).

1. Hypothesis: All groups achieve over 90 % of théD,max during a 50 s maximal

running test.

2. Research problem: Does age affect anaerobicep@age of the energy system

contribution during a 50 s maximal running test?

Maximal blood lactate concentration after 30 s meatiexercise has been reported to

be lower in children than in adolescents and adBkseke at al. 2005).
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2. Hypothesis: Adults use more anaerobic energyrcesuthan adolescents and

adolescents more than children during a 50 s mdxumaing test.

3. Research problem: Does age affect acidosisa®@rs maximal running test?

Children have been reported to have smaller agdosmpared to adolescents after
anaerobic exercises (Klimek et al. 1998; Leithaesed. 2007)

3. Hypothesis: Adults have lower pH than adolescarid adolescents lower than

children after a 50 s maximal running test.
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7/ METHODS

Subjects Eight adult male 400 m runners (age®22 years, height 1.82 0.07 m and
body mass 73.2 7.0 kg), eight male adolescent athletes (age 15/ears, height 1.80
+ 0.03 m and body mass 633.2 kg) and eight male child athletes (aget1Byears,
height 1.61+ 0.10 m and body mass 4#97.1 kg) volunteered for the study. Adult
runners were competing at a national level and fherisonal best in 400 m was 4949
1.84 s. Adolescent and child athletes were actitrgiyning and competing in running
events. Participants gave voluntary written congenparticipate in this experimental

study, which was approved by the local Universitlyi€& Committee.

Experimental protocolThe study was undertaken between the end of thepetitive

indoor season and the beginning of the outdoorose@day-June 2011). Participants
performed two running tests on the same 200 m inttack, separated by at least one
week. The first test (1) was maximal running t&8R{T), which means simulated race
performed according to the normal competition pgatrategy. The second (2) test was

VOzmax running test.

In both running tests oxygen uptake (YOminute ventilation (VE) and breathing
frequency (BF) were recorded continuously breatlin®ath with a portable gas
exchange analyser (Jager Oxygen Mobile, Viasys thigade, Germany) and analysed
with LABmanager 5.2.01 program. Calibration of bdtte airflow volume and gas
analysers was performed according to the manufctsumstructions before each test

for each subject.

Maximal running test (MRT)he present protocol is presented in figure 5. Jitgects
were advised to rest or exercise lightly the dafpiegethe test day and have a fasting
period of ten hours before the blood sampling m forning of the test day. The test
day started with taking blood samples at 8 - 9 Adfter that subjects ate their own
breakfast. Subjects started their warm-up one labi@r the first blood sample was
taken. Participants were instructed to do similarmrup as they were used to do
normally before their competitions. Warm-up lasted hour and included at least one

80 - 100 m run with a competition speed at the@ngarm-up. At the end of the warm-
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up participants performed countermovement jumps.terAf warm-up other
neuromuscular tests were performed. These measnteasted less than 15 minutes
and after these subjects were allowed to do Smibites warm-up before MRT.

Warm-up MRT
B Neuromuscular tests

FIGURE 5. The research protocol of maximal runriggf. Numbers are blood samples. Longer
poles mean blood sample from both arterial blood arfingertip. Shorter poles mean blood

samples from a fingertip only. MRT = Maximal Rungimest.

Subjects were familiarized with the portable gashaxge analyser and breathing mask
during the second warm-up phase. Adult athletest@hm, adolescent athletes 350 m
and child athletes 300 m. This experimental desiga performed in order to have the
same running time for each age group. Each rutestdrom a standing position, and
the participants were instructed to use their ogltipacing stage to run the test as fast as
possible. Split times were recorded by hand stogwagvery 100 m using 0.1 s
accuracy. After the run subjects were transpordediotthe same neuromuscular tests as
before the run. These tests lasted again lesslthaninutes. After these tests subjects
performed countermovement jumps, and after that were allowed to move a little bit

and start their own cool-down after 30 minutes & ™

VO, running testSubjects were advised to rest or exercise lighttyday before the
test day. For this test the warm-up was shorter lasted 15 - 30 minutes. The test
included three different aerobic running speedeWad by a 30 s recovery. Adults ran
three times 800 m at speeds of 3.0 m/s, 3.4 m/&hah/s, adolescents ran three times
800 m at speeds of 2.6 m/s, 3.0 m/s and 3.4 m/<hitdren ran three times 600 m at
speeds of 2.2 m/s, 2.6 m/s and 3.0 m/s. Runningdsp@&s controlled by using "light
pacemaker” (lights in 5 m intervals inside of thaning track and turning on and off in
a correct speed). After these three runs each dubgntinued running at the same
speed as his last aerobic run and the speed wasagec by 0.3 m/s every 200 m. The
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test ended when the subject was not able to raineaspeed by the "light pacemaker".

Lap times were recorded by hand stopwatch usin@.the accuracy.

Blood samplesBlood samples were taken from both a fingertip &odh antecubital
vein. During the day when MRT was performed bloadhgles from a fingertip were
taken 8 - 9 AM after 10 h of fasting, and beford after warm-up, before MRT and 3,
6, 9, 12, 15, 30 and 60 minutes after MRT. Eaclodlgample from the fingertip
contained a 2@l sample, which was used to analyse blood lactateentration (L3
using Biosen Lactate analyser (Biosen C-Sport aealyEKF Industrie, Elektronik
GmbH, Barleben, Germany) and Li-heparinized whdtod samples (20@l), which
was used to analyse blood pH, bicarbonate condemréHCGO;), base excess (BE),

partial pressure of carbon dioxide (pgQpartial pressure of oxygen (pPsodium ion

concentration (N3 and potassium ion concentration "YK(GEM Premier 3000,
Instrumentation Laboratory, Lexington, MA, USA). ing the day when MRT was
performed blood samples (3.5 ml) were taken fronamecubital vein in the morning,
before MRT and 3 and 60 minutes after MRT. Fromeaubital vein blood samples
testosterone, cortisol and sex hormone-binding uinbconcentrations (SHBG) were
analysed (Immulite 1000 Immunoassay System, Siem&smany). From these
samples we also analysed total protein concentratinm calculated total concentration
of the weak acids (#). We used the formula: [Atot] (mEqg/l) = 2.43 x tb protein]
(g/dl), which is the most widely used method tagss value for A: of human plasma
(Constable 2001). In addition, we analysed chlorsteconcentration (Ol and together
with sodium ion concentration (Nlaand potassium ion concentration “YKfrom
fingertip blood samples we calculated strong ioffedence (SID) using the formula:
[SID] (mEg/l) = (N& + K*) - (CI' + La) (Lindinger 1995).

During the VQ,.. running test blood samples were taken only frongditip. Blood
samples were taken before the test and 3, 6, 919.2nd 30 minutes after the test to
analyse La pH, HCQ" and BE. We also took blood samples after eacthefthree
aerobic 600/800 m runs in the beginning of theftasta analysis.

Neuromuscular testsThe pre-fatigue measurements included the H/Myrathe
supramaximal passive twitch, isometric MVC effatid superimposed twitch during

isometric MVC contraction. After MRT subjects didet same neuromuscular tests as
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before MRT, except that it was started with tworanpaximal stimuli for measuring the
maximal M-wave. During measurements subjects readarelaxed and passive except
for a few seconds of maximal voluntary contractitmasn calf muscles. Neuromuscular

variables are reported more precisely in anoth@srtgAyramo 2013).

Jumping ability.Counter movement jump (CMJ) was performed on aammhat and
flight time was recorded to analyse height of juwith a formula: h = ¢t8 (Komi &
Bosco 1978). From 3 to 6 jumps were performed pothand post MRT. Best pre CMJ
and best post CMJ were used for analysis. Perocerghgnges between pre and post

CMJs were used for further analysis.

Data analysis.Breath-by-breath gas exchange values were averaged s intervals
to obtain VQpeax. In order to compare with the literature, the gestB0 s VG was
also calculated from 5 s values. Accumulated oxyagficit (AOD) was calculated as a
difference between the theoretical oxygen demardl @atygen uptake during MRT
(Krogh and Lindhard 1920). Oxygen uptake was thtuadcvalue measured by a
portable gas exchange analyser and the theoretiggendemand was calculated using
submaximal oxygen uptake values from the¥Qrunning test. Average VZrom the
last full minute of each 600/800 m run were usedc#édculate individual linear
relationship between running speed and oxygen waptakis linear line was then
extrapolated using running speed from MRT and thgyen uptake value was used as
the oxygen demand. As a comparison we also cadmilahaerobic energy system
contribution using blood lactate levels to estimat@erobic energy used during MRT.
One mmol/l increase in lactate concentration abineeresting values (values before
MRT) was assumed to be equal to 3.0 ml/kg of oxygatake (diPrampero 1981). The
energy cost of running @C(ml/kg/m) was calculated by dividing the theacatioxygen
demand by the running distance in MRT.

Statistical analysisResults are reported as mearsD. Statistical differences in time
within groups were evaluated by paired samplett-®scause of the small group size
non-parametric independent Kruskal-Wallis test waed for evaluating statistical
differences between groups. All statistical analyseere conducted using SPSS
software (Version 18). The level of significancesvezt at P < 0.05.
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8 RESULTS

8.1 VO,nax running test

Maximal oxygen uptake as the greatest 30 s avenage60.4 £ 6.0 ml/kg/min for
adults, 58.7 = 6.3 ml/kg/min for adolescents and355.1 ml/kg/min for children (P >
0.05). Blood lactate levels after and oxygen uptdikeng aerobic running speeds are
shown in Table 4. Other variables are shown in & &bl

TABLE 4. Mean + SD values for blood lactate {Lafter and oxygen uptake during the last full

minute of aerobic running speeds atMQrunning test.

Speed Blood lactate (mmol/l) Oxygen uptake (ml/kg/min)
(m/s)
Children | Adolescents Adults Children Adolescents duks
22 | 20+x0.5 - - 35.9+23 - -
26 | 24+x11 2.3+0.8 - 408+ 24| 36.8+3.3 -
30 | 3.1+11 27+1.2| 23+0.356+2.3*" 41.2+3.0 | 40.6+2.3
3.4 - 35+15 | 22+0,8 - 46.0+24 | 46.1+3.0
3.8 - - 3.7+0.9 - - 50.8 + 3.0

Significantly different between children and adoksts # P < 0.05%P < 0.01.

Significantly different between children and aduft8P < 0.01.

TABLE 5. Mean + SD values for maximal blood lactéta) and maximal pH after the VW,

running test, time for increase running speed giatie test and running speed of the last 200m

of the test.
Group La (mmol/l) pH Time (s) Running speed (m/s
Children 7.3£2.0%"® [7.29+0.05"™| 329+63 4.36% 0.35°"
Adolescents 10.3+ 2.7 7.23+ 0.08 349+ 53 5.11+ 0.42°
Adults 124+ 1.8 7.15+ 0.06 310+ 29 5.59+ 0.44

Significantly different between children and adoksts # P < 0.05%P < 0.01.

Significantly different between children and adultsP < 0.01.

Significantly different between adolescents andtadi P < 0.05.
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8.2 Maximal running test (MRT)

Running performance, Cr and jumping abiliBerformance times, running speeds and
mean energy cost of running are shown in Tableh@. Ferformance time of the adults
was 95 + 3 % of their personal best in 400 m. A &®8plit times for the adults were
12.6 + 0.4 s for the first, 12.2 + 0.5 s for the@®d, 13.4 + 0.7 s for the third and 13.9 +
0.7 s for the last 200 m. In all groups the runrépged decreased significantly between
each successive 100 m intervals (P < 0.05). Thaimgnspeed decreased from the
fastest to the last 100 m interval by 12.2 + 6.§P4< 0.01), 9.8 + 5.1 % (P < 0.001),
and 12.2 £ 3.1 % (P < 0.001) in children, adoletscand adults, respectively. Height in
CMJ decreased after MRT in every group. In childiendecrease was 8.5 £ 11.2 % (P
=0.079), in adolescents 7.5 + 5.6 % (P < 0.01)iaratiults 6.5 + 7.2 % (P = 0.064).

TABLE 6. Average running speed differed signifidgr{fP < 0.001) between the groups.

Group Distance (m) Time (s) | Speed (m/s Mean energy cost of runnjng
(Cr) (ml/kg/m)

Children 300 53.6+57 5.65+0.54 0.228 £+ 0.012
Adolescents 350 53.3+2.3] 6.57+0.27 0.209 + 0.022
Adults 400 521+2.1 7.68+0.30 0.218 + 0.021

Significantly different between children and adolests # P < 0.05.

Oxygen uptakeMaximal oxygen uptake (V&) during MRT using 30 s averages was
50.3 £ 3.9 ml/kg/min for children, 55.8 + 4.7 mi/kgn for adolescents and 57.7 = 3.0
ml/kg/min for adults. Difference in oxygen uptaketween children and adults were
statistically significant (P < 0.05). These resutse 91 £ 11 %, 96 = 7 % and 96 £ 9 %
from VO,n.« measured in Vehax running test. Peak oxygen uptake (Qy&y during
MRT using 5 s averages was significantly lowestlwidren (53.1 £ 4.6 ml/kg/min)
compared to adolescents (59.9 + 3.7 ml/kg/min, B.64) and to adults (60.7 = 2.4
ml/kg/min, P < 0.01) during MRT. These results waéet 11 %, 103 £ 9 % and 101 +
10 % from VQ,. measured in V@hax running test. Table 7 displays Yn 5 s
intervals. In adults the decrease in ¥®as significant from 30 - 35 s (59.7 + 4.0
ml/kg/min) to 45 - 50 s (55.3 £ 4.4 mil/kg/min) (PO<001). There were no significant

decreases in V£n other groups during the run.
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Ventilation and breathing frequendgoth VE and BF peaked in adults between 40 and
45 s being 163 £ 19 I/min and 71 * 3 breaths pewtei, in adolescents between 35 and
40 s being 139 + 19 I/min and 66 + 9 breaths pewutei and in children between 40 and
45 s being 102 £ 20 I/min and 67 = 8 breaths penutei. In BF there were no
statistically significant differences between gregp any point of MRT. In VE children
had statistically the significantly lowest valuesrh 20 s after the start to the end of
MRT compared to both adolescents and adults.

TABLE 7. Mean % SD values oxygen uptakéd,) in MRT.

VO, (ml/kg/min)
Group Children Adolescents Adults
-5-0s 13.3+29 13.1+3.1 13.2+4.6
0-5s 18.3+6.0 15.4+9.3 21.6 +6.5
5-10s 251+54 28.3+10.6 27.8+5.1
10-15s 30.8+4.2 32.2+8.7 345+7.3
15-20s 442 +7.6 45.0+£8.9 485+7.4
20-25s 48.3+58 52.6+5.6 56.0+4.3
25-30s 49.9+43 545 +6.1 58.4 +3.0
30-35s 49.2 + 6.4 56.2 £ 5.6 59.7+4.0
35-40s 50.4 +3.9 56.4+5.5 58.3+3.0
40-45s 50.2 +4.2 54.3+9.1 58.0 +3.3
45-50s 50.3 £+ 4.0 56.3 £ 4.6 55.3+4.4
50-55s 47.8+6.5 545+5.6 51.7+4.4
55-60s 46.3 + 3.6 496+7.4 48.1+4.2

Significantly different between children and adolests # P < 0.05.
Significantly different between children and adylt$ < 0.05 P < 0.01.

Anaerobic energy productiorEstimated anaerobic contribution using the acdated

oxygen deficit method was the greatest in adult3 £55 %) compared to both
adolescents (44 £ 7 %, P < 0.05) and children (45 %, P < 0.05). For adults the
estimated anaerobic energy production contributvene 75 + 6 % for the first, 55 + 5
% for the second, 40 = 6 % for the third and 41 % or the last 100 m. Using blood

lactate levels to estimate anaerobic energy pramuctontribution adults had the
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significantly greater percentage (53 + 2 %) thaalestents (45 + 7 %, P < 0.05) and
children (39 £ 4 %, P < 0.01).

8.3 Blood samples in MRT

Blood lactate and pHLa recovered back to pre-values at one hour after MiRT
adolescents and children (P > 0.05) but not intad{lable 8). Blood pH recovered
back to pre-values at half an hour after MRT irldren (P > 0.05), one hour after MRT

in adolescents (P > 0.05) but not in adults.

TABLE 8. Mean + SD values for blood lactate (Land blood pH in MRT.

La (mmol/l) pH

Group Children| AdolescentsAdults Children | Adolescents Adults
Morning |1.2+0.4 1.3+0.4 1.3+1.0| 7.39+0.01 7.39@10. | 7.40 + 0.03
Pre WU |1.6+0.3 1.7+0.5 1.8+0.3| 7.41+0.01 7.40@10. | 7.40 +0.03
Post WU |[2.1+1.0° |[3.4z%24 26+1.0| 7.41+0.02 7.38+0.04  7.40@2
Pre 2.0+0.8 20+1.2 1.8+0.4| 7.40+0.02 7.41@10. | 7.41 +0.03
Post3 |99+14"™ [122+34 147+25 7.18+083 |7.15+0.06° |7.05+0.06
Post6 |10.0+0.8° [13.0+4.0 16.1+2.3 7.19+008% |7.14+0.08° |6.98 +0.06
Post9 |95+09® [123+35 [16.9+1.8| 7.23+0.0%8" |7.16 +0.08° |6.99 + 0.06
Post 12 |86+1.0°" [122+3.2° |165+1.9| 7.26+0.0%8" |7.19+0.09° |7.01 +0.07
Post 15 |85+1.6™ [10.8+2.9° |157+20]| 7.29+0.0% |7.23+0.08° |7.05 % 0.08
Post 30 |3.4+0.5*"53+2.(° 8.6+2.3 | 7.40+0.02° |7.36 +0.03° |7.30 +0.04
Post60 |1.8+0.5 21407 24+0.4| 7.39+0.03 7.40820. | 7.39 +0.02
Post Max|10.2+1.1® [13.3+3.7 |17.4+1.8| 7.18+0.0%3" |7.14 +0.07° |6.97 £ 0.06
Tmax 5+ 2 6+3 9+3 4+1%® 5+2 7+2

Post Max = individual maximal (or minimal in pH)luea regardless from which sample it was
measured, Tmax = time in minutes from end of MRThttividual maximal (or minimal in pH)
value, Pre WU = before warm-up, Post WU = aftermvap, Pre = before MRT, Post n = n
minutes after MRT.

Significantly different between children and adokss 2 P < 0.05.

Significantly different between children and adyftsP < 0.01"™ P < 0.001.

Significantly different between adolescents andtadd P < 0.057°P < 0.01.
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Blood bicarbonateand base excessiCO; recovered back to pre-values at one hour
after MRT in adolescents and children (P > 0.05) ot in adults (Table 9). BE
recovered back to pre-values at one hour after MRAdolescents (P > 0.05) but not in

children and adults.

TABLE 9. Mean £ SD values for blood bicarbonate (B4 and blood base excess (BE) in
MRT.

HCO; (mmol/l) BE (mEqg/l)

Group Children | Adolescents Adults Children | Adolescents Adults
Morning |244+11 | 256+1.1 258+1.8| -04+17 1.3%1 |15%26
Pre WU |256+1.3 | 26.1+1.0 263+09 | 1.0+1.9 2141 [22+14
PostWU|247+1.7 | 235+25 252+19| -03+27| -18& 0.6 +3.0
Pre 251+16 | 259%1.1 26515 | 04zx24 1.6&1. |26+21
Post3 |141+15 [136+29 [9.9:31 -143+18 |-150+4.F |-196+4.3
Post6 [13.7+1.3" |12.2+3.1° [7.1+25 -153+1.% [-17.1+4.0° |-23.2+3.3
Post9 ([14.6+1.2° |12.7+3.4° [6.7+2.0 143+1.8 [-16.6+4.4° |-240+25
Post 12 [16.0+1.3" |13.8+3.6° [7.2+23 125+ 1.8 [-151+4.7° |-23.3+2.9
Post15 [17.4+1.6™ |154+3.8° [8.4+26 -10.6 2.2 [-13.2+5.7° |-22.1+3.3
Post30 [23.1+1.7° |21.9+2.¢F [181%25 | -27+2% |-42+29 |-97+36
Post60 [24.2+12 | 25.1+1.3 249+15| -1.0+17 04921 [0.2+22
Post Min|13.6 +1.4° [12.2+3.7° |6.6+20 |-154+1.9°(-17.2+4.1° |[-242+25
Tmin 4+ 2P 6+1 7+2 5+ 2" 7+1 9+3

Post Min = individual minimal value regardless fravhich sample it was measured, Tmin =
time in minutes from end of MRT to individual mirétvalue, Pre WU = before warm-up, Post
WU = after warm-up, Pre = before MRT, Post n = nues after MRT.

Significantly different between children and adolests # P < 0.05.

Significantly different between children and adylt$ < 0.05 P < 0.01.

Significantly different between adolescents andtadd P < 0.057°P < 0.01.

Blood partial pressures of carbon dioxide and oxygeh pCQ there were no
differences between the values before and threatesrmafter MRT at any of the groups
(Table 10). Three minutes after MRT values weraifcantly lower than before and
recovered back to pre-values at one hour after MRadolescents and adults (P > 0.05)



but not in children. p©did not recover back to pre-values within an hduargy of the

groups.

TABLE 10. Mean + SD values for blood's partial ma® of carbon dioxide (pGpand blood's

partial pressure of oxygen (pAn MRT.

pCG, (kPa) pO; (kPa)
Group Children | Adolescents Adults Children | Adolescents Adults
Morning |5.5+0.3 5.8+0.4 5.7+0.5 91+1.2 [102+1.2 [10.0+0.9
Pre WU [5.4+0.3%%" |58+0.2 5.8+0.4 9.6+13 [9.3+1.0 9.6 +0.6
Post WU|5.2+0.4 5.2+0.3 5.5+0.5 10.2+2.0(9.7+1.1 9.6 +0.6
Pre 54+0.4 5.4 £0.2 5.8 +0.3 9.2+1.1 |[9.2+0.7 8.5+0.8
Post3 |5.0+05 5.2+0.6 5.2+0.8 10.7+1.3[11.0+1.0 11.6+1.4
Post6 |4.6+0.4 45+0.4 48+0.8 11.0+1.7|11.9+1.4 |12.2+0.8
Post9 |4.3+03 4.4+0.3 42+0.6 123+1.4|126+1.1 [129+0.9
Post 12 |4.4+0.3 45+0.4 43+0.7 11.3+1.4|11.5+1.2% |125%0.6
Post 15 |4.5+0.2 4.4+0.4 4.0+05 105+60:%(11.8+0.8 [12.8+0.5
Post 30 |4.8+0.3 50+0.4 4.4+05 10.4+09 |9.9+0.8 10.4+0.8
Post 60 |5.2+0.4 55+0.2 55+0.3 10.0+1.5(104+1.1 9.7+1.0

Pre WU = before warm-up, Post WU = after warm-ug ® before MRT, Post n = n minutes
after MRT.

Significantly different between children and adoksts # P < 0.05%P < 0.01.

Significantly different between children and adylt$ < 0.05 P < 0.01.

Significantly different between adolescents andtadi P < 0.05.

Strong ion difference and total concentration of theak acidsin children SID values
three minutes after MRT differed from those meadirefore (P < 0.001) and one hour
after (P < 0.01) (Table 11). In adolescents Sluesalthree minutes after MRT differed
from those measured before (P < 0.001) and one &iterr (P < 0.05). In adults SID
values three minutes after MRT differed from thoseasured before (P < 0.001) and
one hour after (P < 0.001). The decrease from SDes before MRT to values three
minutes after is significantly smaller in childreampared to adolescents (6.8 + 2.3 vs.
10.1 + 3.8 mEqg/l, P < 0.05) and to adults (6.8 3. 13.2 £ 2.3 mEqg/l, P < 0.01). In

children A  values three minutes after MRT differed from thoseasured before (P <

0.001) and one hour after (P < 0.01). In adolescptvalues three minutes after MRT
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differed from those measured before (P < 0.001)aadhour after (P < 0.001. In adults

A, values three minutes after MRT differed from thaseasured before (P < 0.001)
and one hour after (P < 0.001). The increase frqjpvalues before MRT to values

three minutes after was greater in adults comptrethildren (2.4 + 0.5 vs. 1.6 + 0.6
mEg/l, P < 0.01) and to adolescents (2.4 + 0.8+ 0.5 mEq/l, P < 0.05).

TABLE 11. Mean + SD values for strong ion differen(SID) andiotal concentration of the
weak acids (4 in MRT.

SID (mEqg/l) Aot (MEQ/)

Group Children | Adolescents Adults Children | Adolescents Adults

Morning| 358%45 | 41.7:£3.1° | 386+3.7 | 165%0.6 | 17.3%0.7 | 17.2£1.0

Pre 38.6+4.9 404 %23 41.2+4.7 | 165+0.8" 175+0.8 | 16.8+0.9

Post 3 31.9+57 30.3+45 | 27.7+50 [18.1+0.7%"] 19.3+0.7 | 19.3+1.0

Post60| 354+%57 38.4+3.8 38.3+4.6 16.5+1.0 170+06 | 17.1+x0.7

Pre = before MRT, Post n = n minutes after MRT.

Significantly different between children and adolss 2 P < 0.057*P < 0.01.
Significantly different between children and adyft$® < 0.05"° P < 0.01.
Significantly different between adolescents andtadd P < 0.05.

Blood testosterone and cortisdh children testosterone concentration three tesu
after MRT differed from those measured before (B.G5) (Table 12). In adolescents
testosterone concentration one hour after MRT diffédrom those measured before (P
< 0.01) and three minutes after (P < 0.01). In @sdtdstosterone concentration three
minutes after MRT differed from those measured t&e{® < 0.05) and one hour after
(P < 0.01). The change in testosterone concentrétam the values measured before
MRT to the values measured three minutes afteerdiff in adults compared to children
(2.35 £ 2.15 vs. —0.33 + 0.39 nmol/l, P < 0.05) &mddolescents (2.35 + 2.15 vs. —0.06
+ 2.39 nmol/l, P < 0.05). Cortisol concentrationethh minutes after MRT differed from
those measured before in children (P < 0.01) andtsa@P < 0.05). The increase from
cortisol concentration values before MRT to valtlese minutes after differed between
groups (children 102 £ 76 nmol/l vs. adolescents 5 nmol/l, P < 0.05, children 102
+ 76 nmol/l vs. adults 115 = 93 nmol/l, P < 0.0%&adolescents 12 + 46 nmol/l vs.
adults 115 = 93 nmol/l, P < 0.05).
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Testosterone (nmol/l) Cortisol (nmol/l)
Group Children | Adolescents Adults Children | Adolescents Adults
Morning | 5.1£5.1%" [ 18.7+44 | 17.0+3.2|404+103"°| 500+97 | 526+72
Pre 3.1 +3.5%" 15.0+4.1 | 13.6+3.3| 243+112° | 276 +56 [466 + 139
Post 3 28+3.1%" | 149+35 | 16.0+3.6] 346 +161° | 289 +57° |[581 +137
Post 60 | 2.2+2.82™ 11.3+36 | 12.6+4.2| 312+98" | 289+74° [535+117

Pre = before MRT, Post n = n minutes after MRT.

Significantly different between children and adoksts P < 0.05%P < 0.01.
Significantly different between children and aduft$ < 0.05 P < 0.01°* P < 0.001.
Significantly different between adolescents andtadd® P < 0.01.

Blood sex-hormone binding globulin and testostetmoréisol —ratia In children SHBG
values three minutes after MRT differed from thossasured before (P < 0.05) and one
hour after (P < 0.01) (Table 13). In adolescent8SHalues three minutes after MRT
differed from those measured one hour after (P0§)0.In adults SHBG values three
minutes after MRT differed from those measured tee{® < 0.01) and one hour after
(P < 0.01). In children the testosterone/cortistier values three minutes after MRT
differed from those measured before (P < 0.05adaolescents the testosterone/cortisol
-ratio values one hour after MRT differed from teaseasured before (P < 0.05) and
three minutes after (P < 0.01). In adults the wetone/cortisol -ratio values three
minutes after MRT differed from those measured lomar after the run (P < 0.05).



TABLE 13. Mean + SD values for sex-hormone bindihgpulin (SHBG) and
testosterone/cortisol -ratio MRT.
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SHBG (nmol/l)

Testosterone/Cortisol -ratio

Group Children | Adolescents Adults Childrem  Adoledgse Adults
Morning |55.2+21.6 |38.7+125 |33.4+8.0/13.2+13.7*"|388+13.3 |33.2+6.6
Pre 58.9 +22.6° |37.4+8.9 32.2+85(16.8+18.4°"|57.9+26.4 |32.2+155
Post3 [63.0+24.7 [41.1+109 [38.4+9.4/12.6+15.0*"|54.8+21.0° [29.6+11.7
Post 60 |58.7 +22.4°35.8+8.7 33.0+£9.7|11.2+16.6" |41.2+14.6 |247+95

Pre = before MRT, Post n = n minutes after MRT.
Significantly different between children and adoksts P < 0.05%P < 0.01.
Significantly different between children and adylt$ < 0.05 P < 0.01.
Significantly different between adolescents andtadd P < 0.057°P < 0.01.
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9 DISCUSSION

Main findings All three age groups were able to reach a highpgak oxygen uptake
(VO2peak 96 - 103 %) and also a high 30 s maximal oxygeake(VGmax 91 — 96 %)
of their real VQnaxduring the last 30 s in 52 - 54 s sprint runnifgrthermore, in adult
male athletes the role of anaerobic energy prodacivas greater than in child and

adolescent athletes and, therefore, they also\athigreater acidosis.

Running performance and fatigugach of the three age groups experienced signific
fatigue during MRT. This was observed through tbaststent slowdown of running
speed after the acceleration phase. In all grodps running speed decreased
significantly between each successive 100 m intervEhe running speed decreased
significantly from the fastest to the last 100 rtemmal by 12.2 %, 9.8 %, and 12.2 % in
children, adolescents and adults, respectivelyel@eation of 12.2 % observed in adults
was slightly lower than 15.5 % that was reported study where 100 m segmentation
was used for split timing in experimental runs aniadoor track at the end of the
competitive season (Hirvonen et al. 1992). On ttleerohand, 12.2 % is exactly the
same as in Michael Johnson’s World Record run.nnoatdoor racing situation the
decrease in running speed has been analysed fom4di8tance using 50 m intervals,
which showed deceleration of 13.9, 14.4, and 23.@of4dhe regional, national, and
world-class athletes, respectively (Hanon and Gaj@09). However, it should be
noticed that shortening of the measurement segieads to increase the variation in
the estimates of the average running speed, wthiehreby, leads to a greater difference
between the most extreme values of running speedcé] the changes in running speed
observed in this study indicate that the subjettsach age group were able to use the
aggressive pacing strategy that is characterigicshe competitive runs in speed
endurance events, and, hence, induced fatigue.@i4d in every group worsened after
the runs and showed strong fatigue in leg muscles.

Oxygen uptakdn the VQmax running test maximal oxygen uptake, as the gredtes
average, was 60.4 ml/kg/min for adults, which @selto VQnax measured in elite level

400 m runners (Slowinska-Lisowska and Majda 2008¢ present study indicated that
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during 400 m simulated race well-trained adult matleletes were able to reach high
peak oxygen uptake (Vka) before the decrease in YOThis VO,peakvalue (101 % of
their VO;max measured in V@hax running test) was greater than observed in praviou
field studies where subjects reached 52 % (Reial.e2004), 82 % (Duffield et al.
2005), 89 % (Spencer and Gastin 2001) and 94 %diHan al. 2010) of their V& ax
during a 400 m race. Previous studies have indicdiat VQ during maximal exercise
can be increased by employing an all-out starth@set al. 2002; Gardner et al. 2003;
Gastin et al. 1995), or a competition-start strat@ganon et al. 2008; Thomas et al.
2005). This may be attributable to the greater phosreatine (PCr) breakdown at the
onset of exercise when using a very fast startqohoe (Hirvonen et al. 1992). Greater
relative VQpeak With respect to values observed in some previdis M studies may
also be due to the differences in the V&ampling window. For example, previous
authors (Duffield et al. 2005; Spencer and Gadhitl aiming to determine the energy
system contributions used longer sampling winddves twas used in the present study
and in the study by Hanon et al. (2010). Moreopeeyious authors (Reis et al. 2004)
have most likely used one minute moving averagae éveugh they reported using 10 s
intervals or there have been some other erroratia cbllection, as 52 % does not sound
reliable. In comparison, V&ax in adults during MRT using 30 s averages was 96 %
from VO,,., measured in the VQx running test. As the velocity and, therefore, @e
uptake are never in a steady state during a 40@mirrg race, the use of a large

sampling window will tend to smooth and decreasskpealues.

In the current study adults and adolescents wdeetalveach V@yeaxthat was over 100
% of their VQmax measured in V@hax running test (101 and 103 % respectively). The
main reason was that we did not analyse 5 s p@&alteeiVQmax running test. Another
reason might be that they did not reach their ¥Qgmnax during the VQnax running test
and reasons for that might be an inexperience apteasantness of the breathing mask

in the longer running test.

In the present study, a \dQlecrease was observed in adults during the fi@@l rh,
confirming previous results obtained during 400umning on track (Hanon et al. 2010)
and on treadmill (Nummela and Rusko 1995). The esgs in V@ and in velocity

could be related to acidosis-induced inhibition aidative phosphorylation in
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contracting muscle (Jubrias et al. 2003) and carssity, with the large decrease in
ATP and PCr observed at the end of a 400 m racgedhien et al. 1992).

Acid-base balancdn previous studies in adults, the post-fatiguesle of blood lactate
concentration (from 13.5 to 22.0 mmol/l) (Ohkuwaakt1984; Medbg and Sejersted
1985; Nummela et al. 1992; Nummela et al. 1995; 18D9; Reis et al. 2004, Duffield
et al. 2005; Hanon et al. 2010; Zouhal et al. 2B4#xaslanidis et al. 2011; Bret et al.
2013), blood pH (from 7.07 to 7.00) (Medbg and &dgel 1985; Hanon et al. 2010) and
blood bicarbonate concentrations (from 4.9 to 7rihai) (Medbg and Sejersted 1985;
Hanon et al. 2010) have been comparable with teegmt study, which also indicate
that the runners were able to perform the testman all-out manner. Following a 400
m race of 45.5 s, an international-calibre runnad la lactate concentration of 25.0
mmol/l with a pH of 6.92 (Kindermann and Keul 197The greatest single values in
the current study were blood lactate concentratioR0.2 mmol/l and pH of 6.87he
smaller accumulation and earlier peaking of bloadtdte and pH in children and
adolescents compared to adults can be explainesevgral maturity-related factors,
such as lower glycolytic enzyme activity (Kazcoraét2005) and faster elimination of
glycolytic by-products in children (Beneke et al008). The large anaerobic
contribution and subsequent accumulation of meiisoéspecially hydrogen ions (low
pH) (Kindermann et al. 1977) may contribute to tleerease in velocity observed in
during the final 200 m (Hanon and Gajer 2009; Haeoal. 2010).

The difference in main acid-base balance variafles pH, HCQ and BE) was
greater between adults and adolescents than ahildrel adolescents. This also
indicates that the main energy system increasaaerabic running performance after
puberty comes from the increase in anaerobic mbesaboThe post exercise blood
lactate concentration in children and adolescentkis current study were similar to the
results previously found after 30 s Wingate tesen@ke et al. 2005). It has been
reported that changes in blood lactate and acid-lséatus are smaller and faster in
children than in adolescents and that the diffezenin the extreme values seem to be
smaller than those observed at given time poingglfauser et al. 2007). The difference
in the kinetics of the blood lactate concentratetween children, adolescent and adults
appears to reflect a lower extravascular increaskdtate generated by the maximal

short-term exercise combined with faster elimimatd the blood lactate concentration.
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The extravascular increase of lactate seems to dawvaximum during the third decade
of life (Beneke et al. 2005).

Energy system contributions In the current study the anaerobic energy system
contribution in adults was 53 % when calculatechwviite accumulated oxygen deficit
(AOD) method. This anaerobic percentage was sligitialler to that observed in other
recent studies in track where percentages were S5@®udffield et al. 2005), 63 %
(Zouhal et al. 2010), 76 % (Reis et al. 2005) andreadmill where percentage was 57
% (Spencer and Gastin 2001). There could be mamjaeations why there are
differences in energy system contributions betwéam results of this study and
majority of other 400 m running studies. One of tleasons is the difference in
measured oxygen uptake, which was greater in awdysthan any other published
study. Failures to measure real oxygen uptake ¢fivout the run with short enough
sampling window could overestimate the anaerobierggn contribution percentage
when using the AOD method. Since the AOD is definedhe difference between the
accumulated oxygen demand and the accumulated oxygeke, an error in the
measured oxygen uptake will also affect the catmraof the AOD (Medbg et al.
1988). On the other hand, the quantification ofesobic energy release using the AOD
method might be underestimated during very shotenise exercise where average
power outputs are well above maximal aerobic powsrihe efficiency relationship
used to predict energy demand may not remain lifBangsbo 1998). Furthermore,
errors in calculating the linear curve between mgrspeed and oxygen demand in
aerobic running speeds can affect the final reslitshe current study there remains a
question of whether the third aerobic running spead too fast when determining the
relationship between running speed and oxygen deénifit was and anaerobic energy
production was involved more than during previouaning speeds it might cause
underestimation in anaerobic energy contributioncg@age in the final results. In
comparison, using blood lactate levels to estimat@erobic energy production
contribution, in the current study adults had sdhgeanaerobic percentage as with the
AOD method.

It should be noted that in this study and mosthaf other studies anaerobic energy
production is not divided to lactic and alactic qgmnents. Alactic component PCr

breakdown are estimated to be 12.5 % of the tatatgy used during a 400 m run
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(Newsholme et al. 1992). The latter researcherkiaied that in world elite level 400m
running the total ATP is produced as follows: P2r51%, anaerobic glycolysis 62.5 %
and oxygen uptake 25 %. It has also been speculaggdaster runners have greater
total energy cost in the 400 m sprint and thabmhes mainly from the anaerobic part of
the energy contributions and, therefore, they dlave greater anaerobic percentage
compared to slower runners in the 400 m sprintéAret al. 2008). We could speculate
that Newsholme’s values might be true in elite lawale 400 m runners (43 — 45 s) but
on slower 400 m runners (around 50 s) the total Alight be produced as follows: PCr

10 %, anaerobic glycolysis 50 % and oxygen uptdkeod

Even though the time used for MRT was similar irttalee groups, the amount of work
varied because of the different running distancé amning speed for each group.
Weaker anaerobic performance of children has belated to lower glycolytic enzymes
concentration and activity, lower glycogen concatin, probably associated to the
reported lower post exercise lactate concentratftar exhaustive exercise (Berthoin et
al. 2003; Eriksson et al. 1971).

In addition to the divide into energy system dimitions, performance could be divided
into metabolic energy and neuromuscular energy.ab#ic energy is production of
ATP and neuromuscular energy is neural activatioth® muscles and force produced
by the muscles including energy stored in elastimgonents during stretch-shortening
cycle. It is impossible to calculate and comparmeséhenergies but they are both very
important for running performance together withmmg economy (running technique).

Hormonal responsedn adults testosterone response was similar toottee that has
been reported earlier by Slowinska-Lisowska anddslgR002) in a similar group of
400 m athletes. They were able to run 400 m in 48r6the study and, therefore, it is
the closest point of reference to the adult groughie current study. Both studies
demonstrated acute increases in testosterone degto@m immediately after the 400 m
run. On the other hand, in the study by Slowinsislska and Majda (2002)
testosterone response in group of elite of 400 mets (400 m 45.9 s in the study) was
opposite. The authors speculated that the obsérwedonal changes in the master class
athletes induced by the years-long anaerobic trgimnight provide evidence for the

reduction of functional reserves of the gonads wbempared to the group of less
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trained sportsmen, in whom the endocrine resporasequite opposite. In adolescents
there were no similar responses and in childrerceatnations are so small that it is
hard to reach any conclusions about them. The ege#tstosterone concentration in
children was lower than the lowest testosteroneceoination in adolescents and,
therefore, we can conclude that there was a clié@rehce in maturity between these

two groups in the current study.

For cortisol responses there are no data availa®0 m run before this current study
but the acute responses were similar to those texp@arlier by Zeinali et al. (2012)

after repeated running with increasing time (3 8ni& s, 3 times 20 s, once 30 s and
once 40 s with maximal effort) in sprint runnerstiBstudies showed acute increases in
cortisol concentration immediately after exerciseadults. Again in adolescents there
were no similar strong responses (only very snmadt@ase) but in children responses

were similar to adults.

Conclusions These data demonstrate that in MRT lasting 52 s &ll age groups using
normal pacing strategy can achieve a high 5 s pahile (96 — 103 %) and a high 30 s
average value (91 — 96 %) of their individual maainoxygen uptake. Anaerobic
energy contribution and also the acidosis are greatadults than in adolescents or in
children. The difference in running performancenssn pre-pubertal and pubertal boys
comes probably from running speed, running econofmghe pubertal boys and their
ability to use more oxygen for energy productionheTdifference in running
performance between pubertal boys and adult maess mainly from speed and the

ability of the males to use more anaerobic energgywction.

Practical applications.This study suggests that coaches coaching predalilchildren
should focus on skill training to improve their nimg speed and technique, and thus,
their running economy and basic endurance traitingnprove their oxygen uptake.
Later on, in and after puberty, the focus of tnragnenergy systems should transfer more
to improve anaerobic energy production, althoughaverall main focus is in speed and
strength training. Nevertheless, when planningiing programs for young athletes, the
aspects of mental and mechanical load on the imedtody should not be left out of
consideration. In coaching, it should be remembetedt the 400 m running

performance is a combination of speed, skill, gitenspeed endurance, endurance and
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psychological factors. However, energy system doumions could vary greatly
between persons with different age, gender, trginbackground, genetics and

performance level.
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