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ABSTRACT

The purpose of the present research was to compansl lactate level and heart rate following thieads of the
Wingate test for anaerobic power. The sample ofr¢isearch consisted of 11 physical education stisdeith the
experience of participating in national and intetiwaal long-distance track events who voluntaribrticipated in
the study (23.00 + 1.78 years old; 174.36 + 6.24 loeight; 66.58 +5.76 kg weight). The participantsderwent
three loads of the Wingate test. The exercise loagle performed with 2 days interval. Before, dgriand after
each test the blood lactate level and heart rat¢hef participants were measured. In addition, ahé power,
anaerobic capacity, and fatigue index of the pé@ptats were calculated after each test. The data amalyzed in
SPSS 16. The mean and standard deviation of aldhiables were calculated. One-way ANOVA was &gptd
examine significant differences between the vaemtdnd Fisher's Least Significant Difference (LSB9t was
applied to find the reason for possible differencgssignificant difference was observed in cardiatput of the
participants at different loads of the Wingate téstwever, there was no significant differencelwold lactate acid
at different exercise protocols. Moreover, no digant difference was observed in anaerobic povesgerobic
capacity, and fatigue index at different exercsgds. The maximum anaerobic power and capacityolasrved in
age group 2 (85 kg) (anaerobic power: 79 + 99.849N57 + 0.88 W/Kg; anaerobic capacity: 512.76 +89.W,
7.67 £0.61 W/KQ). In addition, it was revealedtthaart rate increases with exercise load in thedslie test.

Keywords: Wingate test, blood lactate, heart rate, anaenuticer, anaerobic capacity

INTRODUCTON

Anaerobic power and anaerobic capacity are essefgiments in many sports. Anaerobic performanaméesof the
main characteristics of brief and explosive exerdis different sports. Anaerobic power is the &pito generate
energy through the phosphagen system in brief atehsive exercises and anaerobic capacity is tiayato
combine the energies from glycolysis and the phagph system [1, 2, 3]. There are many tests forsumewy
anaerobic performance, but the Wingate test igrthst widely used and the most efficient of thestst@d]. This
test involves 30 seconds of quick pedaling on gdécergometer. The amount of workload in the Wiedgast is
0.075 kof per kg bodyweight of the subject. Thitueahas been determined based on experiments ooua of
inexperienced youths [4, 5]. In many other studigferent workloads have been employed with défarresults
[6, 7, 8].

High intensity exercise can be performed continlyoasly for a short period of time and energy dethéinctuate

from a high to low level between the work and rpstiods. Work of high intensity that it can be penfied

continuously only for a short period of time is aopanied by a high rate of glycogen depletion, alct
accumulation and a greater contribution of carbodigdto oxidative metabolism.

1854
Pelagia Research Library



Ercan Gur Euro. J. Exp. Bio., 2012, 2 (5):1854-1861

The lactate formed in fast twitch muscle fibers diffuse out of the muscle and enter the bloodt @an shuttle
directly to adjacent slow twitch muscle fibers wdé¢he lactate can be consumed as a fuel. Bloodtéatgvels can
be used to guide training intensity because effedtiaining occurs when an individual trains aeaercise intensity
that corresponds to the lactate threshold i.eeXagcise intensity at which lactate begins to bupdn the blood [9].
Heart rate recovery (HRR) is the rate at whichhbart rate (HR) decreases (i.e., the time takehl®to recover)
following a moderate to heavy exercise in respdaase combination of parasympathetic activation syipathetic
withdrawal [10, 11, 12, 13]. HRR is known to chamgeesponse to acute and seasonal changes imgéddad [14,
15, 16]. However, there are no clear data indigatihether HRR is a sensitive measure of autonoomtrel and,
in particular, whether HRR can be used as an imdprsesenting the body’s capacity to respond tmitngi Aerobic
fitness is another variable that could influenceRHRsponse. The recovery period after exercise isngortant
performance factor in the repetitive exercises.[17]

Short and Sedlock showed that throughout the exgoperiod the group of trained athletes with sigreserobic
capacity had a consistently lower HR as comparathtined subjects, but there is still no cleglaxation of this
phenomenon. HRR after maximal exercise has bedhenestudied in elite athletes characterized byesop
aerobic fitness nor compared it with athletes otterized by lower aerobic capacity [18]. The evabraof the
post-exercise HRR can be quantified by differenthmods, including the absolute difference betweexfitial HR at
exercise completion and HRR recorded following 6@fsrecovery (HRR60s), first 30 s of HRR via semi-
logarithmic regression analysis (T30), or the ticoastant of the HR decay obtained by fitting thetpexercise
HRR by a first-order exponential decay curve [1®, 21].

Aerobic interval training is an important trainitgpl for developing endurance performance becattdetas can
perform more high intensity work, i.e. a greatairting stimuli, than what can be tolerated with tawmus,
constant-intensity exercise. Aerobic interval tiagnconsists of five variables: work interval insétly and duration,
recovery interval intensity and duration, and tetatk duration [22]. Whilst other variables durimgerval training
session are easily construed, determining the s¥gamtensity and duration is much more difficultpractice [23].

The practice is to delay performing the next inérun until the athlete’s HR during the recovemripd in-
between bouts has lowered to between 100 and 146 ber minute (beats min-1) (Peak Running Perfocma
Research Fox 1979), [24]. Proponents of this praalieemed that lowering the athlete’s HR to theeafientioned
range would indicate that the body has reachedpbtimal state of readiness for the next work bouwwever, to our
knowledge, there is no research evidence to supimierividely used practice.

A major presumption of using HRrec as a recovepny i® that an aerobically fitter individual wouldive a faster
HRrec [25]. Indeed, several previous studies hd@va a relationship between aerobic fithess andeldRFor
example, (Sugawara et al., 2001) found that HRremfsubmaximal exercise was moderately correlatgd w
V-0O2max in college-aged students (r=—0.75 and @eSPectively, p<0.05). Similarly, HRrec post subimsad
exercise was also found to be significantly fastetrained compared to sedentary individuals (Dwalet2005).
Importantly, not only does HRrec appear to be $@esin cross-sectional studies, but HRrec has lbésmn found to
be accelerated after short-term or long-term enth@araining and too subsequently decline in palrallith
detraining collectively, these findings suggest #exobic fitness is influential in the dynamics+iRrec [26, 27].

The Wingate test and lactic acid (LA) concentratinoeasurement after maximal effort are frequentlgdufor
anaerobic capacity evaluation. The anaerobic cgpédeterminants in the Wingate test are maximal ggpunean
power and fatigue index. Some discordant data densig changes of power produced in the Wingaté tes
consisting of short but maximal intensity efforts the cycloergometer are presented in the refesediemeier et
al., (1994); Rodas et al., (2000), reported thanspraining on the cycloergometer did not caukanges of power
measured in the Wingate test [28, 29]. In the wafrRarry et al., (2000), no post-training changethe peak power

or average power measured in the Wingate test wieserved in a group of subjects practicing every fia 2
weeks. These values increased after 30 s actiyiBOband 14% respectively in the second group, whad a 2-day
break between training sessions [30].

Recovery encompasses active process of re-estalgliphysiological and psychological resources aates that
allow the individual to use these resources adgli [A return to pre exercise levels of blood l&etasually occurs
within an hour and light activity during the posteecise period has been shown to accelerate #ésarice [32].

The recovery strategies are designed to mainthigtarate of blood flow to the working muscles eixpedite lactic
acid translocation from the muscle cell to the bloim accelerate the resynthesis of high energgmitete, and to
replenish oxygen in the blood, bodily fluids andstle myoglobin. The recovery should be sufficietdlyg enough
to allow the next repetition to be at the samelmva the level as the previous effort, but a longeovery should
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be avoided if optimum training benefit is to residt a rule of thumb, the heart rate should dropgproximately
120-bpm near to the end of the recovery interva].[3

Some significant or insignificant post-training olgas of maximal power were noted depending on Xeeceses
performed. Nonetheless, in the works of Linosstealeand Stathis et al. brief efforts with higheinsity performed
on the cycloergometer elicited the maximal powet imerease of performed work.

It is believed that the post-exercise concentmatiblactic acid (LA) is an indicator of adaptatitm very intense
training [34, 35].

According to Lutostawska et al. the relation betwégectic acid and anaerobic work may change coatitly upon

applied training; however, there are only a few kgorelating to this subject in the literature [3G&jfgnificant

correlations of lactic acid concentration and aobier test results were reported in the papers odniér et al.,
(1995); Lutostawska et al., (1998); Gratas-Delarharet al., (1994), found a significant correlatletween the
LA concentration and work performed in the Wingtgst in female sprinters but did not observe sucbreelation

in male athletes [36, 37, 38]. No relation betweé&nconcentration and power in 10 and 30 s test gotetl on men
and women was observed by Jacobs et al. [39].

The ability to increase cardiac output by augmensitroke volume early in exercise may be trainipgesfic
because researchers have not been able to obsErphi¢nomenon in untrained subjects [40].

The anaerobic threshold has been studied thoroudiniyng the past decades, and it has been desautiag a
variety of definitions. Since the introduction dfetterm anaerobic threshold by Wasserman et ar8j1AT has
been associated with an increased blood lactateeotration, increased ventilation, increased CQ2egion and a
decreased bicarbonate concentration. Researchegsshggested that these increases reflect a stift &erobic to
anaerobic metabolism [41].

Anaerobic threshold is commonly defined as the dsglmetabolic rate at which blood lactate concéntras
maintained at a steady state during prolonged &seer@his definition developed by Wasserman e{¥078) is
based on the assumption that exercise above afispgork rate stimulates recruitment of anaerobéctic acid
producing energy metabolism; therefore, AT has kmmepted as a tool for predicting endurance padoce and
for the development of training strategies for it [41].

When an individual exercises with progressive isigm that individual experiences marked increaiseblood
lactate concentration (Green et al., 1983; Stegetaal., 1980) and ventilatory measures (Caiozzalet1982;
Wasserman et al., 1967). Using blood lactate cdretgon and ventilatory threshold, researchers eaamine the
various parameters within the blood concentratiush i@ spiration in order to determine the criticedreise intensity
at which an individual can exercise maximally fatesnded periods of time [42, 43, 44, 45].

MATERIALS AND METHODS

Population and sample

The purpose of this research was to compare thie lacid level and cardiac output of endurance eusirin three
exercise protocols using the Wingate test for Aobier Power. The sample of the research consistdd afinners
who studied at the Faulty of Physical Education &mbrt Science of Firat University. The subjectsl lihe

experience of participating in national and inté¢ior@al tournaments and they all volunteered to tpig in the
study. The subjects were informed about the praeednd possible risks of the research and compthtedonsent
from.

Procedure

The subjects underwent three exercise loads in 8#éntest for anaerobic power. The exercise loadAag, 85 g,
and 95 g for each kilograms of body weight. Eacdlavas administered at a certain hour with two-dégrvals.

The subjects were instructed to have passive riélstproper nutrition from 3-4 hours before the tastl to abstain
from alcohol and cigarettes. Measuring heart ratk l@lood pressure and blood sampling were donerdeiarm-

up, 5 minutes after passive rest, at the end ofetbte and 5 minutes after the test.

Measurements and tests

The height of the subjects was measured in thalistgposition by a stadiometer with a measuremsor of +11
mm. The weight of the subjects was measured bytd &nigital Scale with a measurement error of 0.5Ba@dy fat
and BMI were measured using Tanita Body Composifimalysis. The heart rate of the subjects was nredsu

1856
Pelagia Research Library



Ercan Gur Euro. J. Exp. Bio., 2012, 2 (5):1854-1861

using a digital heart monitor (Polar S720i HearteRisonitor, Finland). Systolic and diastolic bloptessure was
measured by Omron M2 Compact Blood Pressure MorfittEM-7102-E). Blood lactate level was measured
through finger-stick (capillary) blood sampling. &samples were immediately analyzed by Nova Biocagdi
Blood Analyzer [9].

Measuring anaerobic capacity and power

Anaerobic capacity and power were measured bygonegter (Monark 894 E Peak Bike) according to Wiegast
protocol. Wingate test involves 40 seconds of gadabn a bicycle ergometer with maximum speed agjadm
external force. After explaining the test procedirréhe subjects, they performed a warm-up for mibutes that
included 2 or 3 pedaling cycles with 60-70 perdetensity and with 60-70 cycles per minute. A 3-Bate rest
followed the warm-up. The test started after thguied load for each participant was determined taadisferred
from the computer to the bicycle ergometer. Theigipants were asked to pedal as fast as theyrcémei shortest
time possible without any load. When pedaling reacthe maximum speed possible, the exercise ityensis
manually decreased and the test began again. Theigents continued to cycle maximally for 30 seds against
an external load. During the test, the power patarsevere given to the computer by RS32 applicatidhthe
measurements were done by the computer. Some afebsures obtained from this test were mean aridpmeeer
(expressed in Watts), relative peak power (detethiny dividing peak power by body mass, expressed/ig),
mean peak power, minimum peak power, and a faiigex determined from the decline in power [B, C].

Fatigue Index = [(Peak Power Output - Min PowerpDtit/ Peak Power Output] x 100

Statistical analysis

The arithmetic mean and standard deviation oftallvtariables were calculated. One-way analysisacgace was
used to examine any significant differences betwbendata and Fisher’s Least Significant Differe(ic8D) test
was applied to find the differences between varexesrcise intensities. All the operations were dion8PSS 16.

RESULTS

Table 1: The characteristics of the subjects (N = 11)

V(?\ﬂi?_l)e Mean + Sd
Age(year) 23.00£1.78
Sport Age (year) 8.45%1.96
Height (cm) 174.3616.24
Weight (kg) 66.5845.76
Fat % 6.87+2.42
BMI 21.92¢1.99

Table 2: Variables obtained from different exercisdoads in Wingate test

Variable Load-1 Load-2 Load-3

(n:11) (%75) (%85) (%95) F P
Peak power (w) 610.56+114.93 640.79 :09.84 619.6187.17 0258 70.7
Peak power (wikg) 9.20 +1.24 9574088  948+0.85 0411 0.666
Average Power (w)  474.23+71.19 512.76 +69.05 495.06 +55.21 0.952 90.3
Average Power (wkg)  7.15 +0.67 7674061 756054 2201 0.128
Min.Power (w) 321.95+9352 339.71+57.82 300.77 +75.93 0.702 0.5
Min.Power (w/kg) 478 +1.24 50040.72  464+123 0491 0617
Fatique Index 47.01+9.60  46.62+7.42  50.75+13.26 0509 0.606
P>0.05

There aren’t any significant differences betweeakpgower, average power and minimal power in loadehd -2
and load -3 conditions.

There is significant difference in finish hearterdt there conditions of loads1, 2 and 3. but differences weren’t
significant in an other variables (including laetd systolic blood pressure and diastolic bloogspure) in there
periods of rest , finish and recovery.
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Wingate test

Load-1 (%75)

Load-2 (%85)

Load-3 (%95)

Peak Power (w)
¥ Average Power (w)

=A== Min. Power (w)

Figure 1: Anaerobic power variables obtained from different &ercise loads in Wingate te:

Table 3: Hear rate, blood lactate level, and systolic and dstolic blood pressure measured before, during, anaffter Wingate test with
different loads

Variable

Load-1

Load-2

Load-3

(n:12) (%75) (%85) (%95) F P LSD
Rest 56.72¢6.10  58.27+6.82  6245:8.18  0.7160.49;
Heart Rate Finish  164.90+7.07 170.36:6.60 172.54+7.62  3.368.048"
Recovery 93.90+16.66 96.81+16.04 90.90+17.96 0.33®.717
oo Rest 1724028  147:027  160:0.27  2.2750.12(
Lactal Finish 14.06+3.08  13.44+355  13.00:2.35  0.3400.71¢
Recovey 1356%282  1381%211 1300230 0250.77¢ |, ..
Systolic Blood _ Rest 127.90+13.71 128.90+11.33 126.00:6.48  0.20D.81¢
Pressure Finish 145.72+8.36  152.54+20.18 145.18+12.04 0.893.42(
(mmHg) Recovery 128.18+2104 13545:1517 130.27+13.89 0.534.59:
Diastolic Blood Rest 67.18+12.01 62631227  69.27¢8.92  1.0140.37¢
Pressure Finish 60.27+6.87  71.81+10.04  68.09+9.06  0.4690.63(
(mmHg) Recovery  63.18+9.65  67.27+1168  64.63+8.22  0.4770.62¢
*P<0. 05

Heart Rate

Load-1 (%75)

Load-2 (%85)

w

Rest Heart Rate

Finish Heart Rate

—A=Recovery Heart Rate

Load-3 (%95)

Figure 2: Heart rate measured before and after Wingate testrad during recovery
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Chart Title

Rest Lactate
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==A==Recovery Lactate

Load-1 (%75) Load-2 (%85) Load-3 (%95)

Figure 3: Lactate acid level obtained before and after Wingat test and during recover
DISCUSSION AND CONCLUSION

The purpose of this research was to conr the lactic acid level and cardiac output of endoearunners in thre
exercise protocols using the Wingate test for Aolbier Power. The sample of the research consistdd atinner:
who studied at the Faulty of Physical Educatione Blabjects had thexperience of participating in national ¢
international tournaments and they all voluntedrethke part in the study. The subjects were in@mtrabout the
procedure and possible risks of the research ampleted the consent from. The results thiddy show, (Peak
power (w) p : 0.774 anBeak power (w/kg) p: 0.666) a (Average Power (w) p: 0.397 and Average Power (w
p: 0,128) and results, ( Min.Power (w) p: 0.503nMiower (w/kg), p: 0.617 and Fatique Index, p: 6)t There
aren’t any significant differences between peak gowverage power and minimal power in -1T load -2 and
load -3 conditions, whicls consister with the resultsSands, W. A.etal., (2004); Souissi, Net al., (2C Ugok, K.,
et al., (2005). Andbther researches, Allemeier et al., (1994); Rodas ,e(2000), reported that sprint training on
cycloergometer did not cause changes of power medisn the Wingate test. In the work of Parry et @000), nc
postiraining changes of the peak fer or average power measured in the Wingate tast @leserved in a group
subjects practicing every day for 2 weeks. Theseegaincreased after 30 s activity by 20 and 148peetively in
the second group, which had @&y break between training sions [30].

Also another theory amongtear rate, blood lactate level, and systolic ardtdiic blood pressure measured bef
during, and after Wingate test with different loath®wed There is significant difference in finish hearter@ there
conditions of loadsl, 2 and 3. But this differenee=en’t significant in an other variables (indlugl lactate T
systolic blood pressure and diastolic blood prexsiarthere periods of re, finish and recovery

Other research indicates thasearchersThe evaluation of the posixercise HRR can be quantified by differ
methods, including the absolute difference betwden final HR at exercise completion and HRR recd
following 60s of recovery (HRRG60s), first 30 s of HRR via s-logarithmic regression analysis (T30), or the t
constant of the HR decay obtained by fitting thesi-exercise HRR by a firstrder exponential decay cur
(Buchheit et al., 2006; Imai et al., 1994rini et al.,)

And other researches, Lutostawska et al. the oslabetween lactic acid and anaerobic work may oh
contingently upon applied training; however, thare only a few works relating to this subject ie titerature [36]
Significant corelations of lactic acid concentration and anaertdét results were reported in the papers of, iér.
et al.,, (1995); Lutostawska et al., (1998); Gr-Delamarche et al., (1994), found a significantrelation betwee!
the LA concentration and worgerformed in the Wingate test in female sprinteus ¢hd not observe such
correlation in male athletes. No relation betweéndoncentration and power in 10 and 30 s test coteduon met
and women was observed by Jacobs et al.

During exercise, particularly shetérm high intensity exercise, muscles produce tactapidly, whereas lacta
clearance is slowed. Later during recovery fromrt- term exercise, there is net lactate uptake frombthed by
resting muscles or othenuscles that are doing mild to moderate exerciég [Fhe ability to maintain a high pow
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output during high-intensity intermittent exercigsas impaired when oxygen availability was reducgdabute
hypoxia, which was associated with a higher accatran of blood lactate [47]. Therefore, lactic acékinoval after
exercise had been considered critical for the regiom of exercise, especially during athletic cotitfm involving
repetitive high-intensity activities. Since it hégen suggested that muscles engaged in heavy sxendil
negatively affect the performance in other non-eised muscles, the use of non-maximally exercisedcies
during active recovery of low-intensity i.e. beldie lactate threshold theoretically could be beiefion the
subsequent repeated performances of the maximadtgised muscle groups [48].

To our knowledge, this is the first study that fli®ctly revealed the influence of aerobic capaoitythe ultra
short-term post-exercise HR in athletes. The resalitained in this study generally suggest thatempressions
between HRR in athletes with similar training ssatu

The rapid recovery of HR following a moderate teahy exercise may be an important mechanism inepténg
excessive cardiac work, which could also have igmrimplications for athletic training. Severavé@stigators
have shown that the endurance trained athletesfaater HR responses after the cessation of exeasisompared
with sedentary subjects [49]. Of importance henddbe that the parasympathetic activation is aersid to be the
main mechanism underlying exponential cardiodeastar following the exercise.

It does, however, remain possible that HRrec vasie®ngst athletes who participate in contrastingrtsp for

example, between predominantly endurance sports {gathlon, rowing) and speed/power-oriented tpar

between athletes of contrastingly different trainstatus, for example, professional (well trainesl) recreational
(moderately trained) soccer players (Edwards eR@03). These studies appear to suggest that beyaradtain
threshold level of aerobic fitness, which is prelseandetermined, the differences in HRrec couldbserved. That
no relationship was observed between HRrec and Ma®2in this study could be due solely to the fhett tthe

sample in the current study was homogeneous [50].

Recovery depends on the magnitude of fatigue flieenpreceding exercise and, consequently, it mighadgued
that the HIGH V - O2max group performed relativedgre work than the LOW V - O2max group since threnr,
on average, ran for much longer on the treadmalhttihe latter. This could have increased the asgiomar demand
and production of metabolic byproducts (e.g. hefiess hormones) in the HIGH V - O2max group, wimibht
have influenced HRrec (i.e. it remained elevateddoger post exercise) and compounded the reksttiprbetween
V-02max and HRrec.

For endurance sport athletes, during the intergerésovery periods of an aerobic interval trainsegsion, coaches
have traditionally used the HRrec method of allayHR to return to between 100 and 140 beats mirefaré
commencing the subsequent intervals (Peak Runrénfpfance Research, Snell 1990; Fox 1979). Ircése of
team sport athletes, it is common practice amorgloes to group the aerobically fitter athletes ttogrebecause it
is perceived that these athletes possess the esthabdity to recover faster after each interval jbil].
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