. PRI BASLATA B

: . [ENCI
Artigo Original vk

155N 0103=1716

Analysis of creatine kinase and alpha-actin
concentrations in soccer pre-season
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ABSTRACT: Purpose The purpose of the present study was to assessermerload through changes Ary Gomes-Filho

in creatine kinase (CK) activity and serum coneaidn of a-actin in soccer players in response of twoEmerson Silami-Garcta
months of pre-season physical trainiBgsic procedures:Ten professional athletes (26 + 6 years of age

undergoing arduous training were evaluated. Serlmaivity and a-actin serum concentration were ~Universidade Federal de Minas
determined at the beginning and end of two montiseseason training. Effort intensity was deteredi ~ Gerais

throughout the training sessions by monitoring heste (HR). Serum CK activity was determined using

the colorimetric method. Plasmeaactin concentration was evaluated using ELISA eoxfirmed using

the Western Blot metho#/lain Findings: Serum CK activity and-actin concentration were higher in the

post-training period in comparison to the pre-tragnperiod (CK: PRE 65.5 + 4.2 U/L, POST 435.7 +

70.0 U/L, p=0.0004-actin by Western Blot: PRE 42.9 + 21;§/mL, POST 68.1 * 19.Lhg/mL,

p=0.0004; by ELISA: PRE 70.63 = 104/mL, POST 101.80 + 17.3g/mL, p=0.0125)Conclusions:

The significant increases iractin concentration and in CK activity of soccéayers over the two-month

pre-season indicated that an elevated traininda@agmwas imposed upon the athletes.

Key Words: Muscle Damage; Creatine Kinase; Training Monitoring

RESUMO: Objetivo: O objetivo do presente estudo foi avaliar a s@bgec muscular através de
mudancas na creatina quinase (CK) e concentraci&a si&o-actina em jogadores de futebol de resposta
de dois meses de treinamento fisico de pré-tempoPxdcedimentos basicasDez atletas profissionais
(26 £ 6 anos de idade) que se submeteram aos nrefmas foram avaliados. Atividade de CK e
concentracdo sérica de actimderam determinados no inicio e no fim de dois reee treinamento de
pré-temporada. Intensidade de esforco foi detemfairzm longo das sessfes de treinamento por meio do
monitoramento da freqiiéncia cardiaca (FC). Actiidae CK no soro foi determinada pelo método
colorimétrico. Concentracdo de plasmactina foi avaliada utilizando ELISA e confirmadsando o
método de Western Blot.oBclusGes:a atividade da CK sérica e concentragé&tina foram maiores no
periodo pos-treinamento em comparacédo com o pepi@dtreinamento (CK: PRE 65,5 + 4,2 U/L, 435,7
+ 70,0 POST U/L, p = 0,0004;-actina por Western Blot: PRE 42,9 + 21,6 ng/mL,168 19,1 POST
mcg/mL, p = 0,0004; por ELISA: PRE 70,63 + 10,4mi/ POST 101,80 + 17,3 ng/mL, p = 0,0125).
Conclus6es:O aumento da atividade da CK e da concentracaectd®e apds dois meses de treinamento
na pré-temporada de um time de futebol indica uolsesarga muscular significativa imposta por este
periodo de treinamento.

Palavras-chave Dano Muscular; Creatina Kinase; MonitoramentoTP&no.

Recebido:18/05/2014
Aceito: 18/02/2015

Contato: Eduardo Pimenta - empimenta@uol.com.br



PIMENTA et al. 6

Introduction increased in the serum of animals submitted to Ihigh

Considering the progressive increase in thitensive physical exercie
competitiveness of the team sports, especially espcc In the past few decades, we witnessed great
trainers, coaches and researchers have continuouativances in science and technology applied to socce
searched for innovations in the investigation ofvhich allows sports scientists to evaluate the
parameters that can evaluate and control the lefel physiological overload imposed upon the playersnia
training for the assessment of adaptation to ingimbads parameters, such as heart rate and the total déstan
as well as recovery. The recovery status of athlsteuld covered by the athletes during a game or a training
determine the characteristics of the training paiogrin  session, as well as the number of sprints and
order to avoid the underestimation or overestinmtid accelerations, can now be measured thanks to modern
this aspect. Long training periods or very intettaming equipment which is now available. Likewise, mankeut
may trigger arovertraining process, leading to a declinevariables such as oxygen consumption, time of pleng
in sport efficiency arising from physiological andspent on physical, technical and tactical workouts,
psychological disorders, which may lead the athteta name a few, are also ordinarily monitoretf
temporary urn-out) or a permanent dfop-out) More recently, biochemical parameters have also
abandonment of the spart gained importance in the control of acdt® and

Markers of muscle damage have been used abroni¢’*®training overload in soccer. These parameters
parameters of the recovery status of athletes.rdoti have been found to be associated to overtraining. A
methods are most commonly used in such studiesaduereduction of 30% or more in the resting
the ease of the data collection and low coast iestosterone/cortisol rafib and CK values above 950
comparison to direct methods. The enzymes creatit#L'® for example, are considered overtraining markers
kinase (CK) and lactate dehydrogenase (LDH), fragme at any time during the competitive season.
from the myosin heavy chain (MHC), troponin-l, The pre-season in Brazil takes place immediately
myoglobin ando-actin are well known markers, as theyafter a 30-day vacation period, during which theeleof
are cytoplasmic molecules and do not have thetahdi physical conditioning of the athletes usually gaesvn
cross the sarcoplasmic membrariehus, an increase in significantly. During this period players are stipd to
the plasma concentration of these molecules is aseah heavy training sessions which include physicalstestd
indicator of muscle membrane injdryWhen the muscle usually two sessions of very intensive trainingrg\eay,
membrane is injured during the practice of physicdbr about three weeks. Significant changes in béoclal
activity, the cell membranes are ruptured andiarkers of physiological stress have been repoied
sarcoplasmic molecules, such as the CK andxthetin, soccer players during the pre-se#8orand therefore
migrate to the bloodstredm individualized control of training overload becomas

CK activity represents the mechanical wear of themportant tool for reducing the incidence of muscle
muscle resulting from training sessions in the [mesy injuries.
days related to the training intensity and volume, Recently, a-actin has been also proposed as
especially when eccentric exercises are performédav marker of muscle damage, because it is a structural
non-adapted muscle systen€K is often described as aprotein of the musculoskeletal system that is ssda
good indirect marker of muscle damage, mainly aftejuickly into the blood in cases of muscle damagi wo
strength training or other exercises that requirgterference from other tissues and it remains igh h
predominantly eccentric actioifs. However, CK should concentrations for 72 hoursi-actin is abundant in the
not be used as the only marker of muscle damag#, agytoplasm at higher concentrations than other nmarke

has been demonstrated that its activity may not Rgd has an isoform specific to skeletal muscle. aAs

R. bras. Ci. e Mov 2015;23(4): 5-14.



7 Creatine kinase and alpha-actin in soccer pre-season

structural protein directly involved in the musclePlasma CK activity
contraction processg-actin has been suggested as a The analysis of plasma CK activity was performed
specific marker of muscle injury in athletes. Moreq using the MPR3 CK NAC-activated kit (Boehringer
the identification ofr-actin is slightly affected by injuries Mannheim).
in other tissues.

The purpose of the present study was to asseBeotein expression of plasmar-actin by Western Blot
muscle overload through changes in CK activity andnalysis
serum concentrations od-actin in soccer players in The samples were centrifuged at 8000 rpm for 10
response to two months of pre-season physicaiigagin -~ minutes. After protein dosage, the samples wergedilin

a cocktail of protease inhibitors (AEBSF 2mM + EDTA
Methods 1mM + bestatin 130pM + E64 14 pM + leupeptin 1 pM +
aprotinin 0.3 pM; SigmaFdst Sigma) to obtain a final

Subjects protein concentration of 1 mg/mL. The amount of

This study received approval from the Ethicgroteins was determined based on the method dedcrib
Committee of the Universidade de Itatna — MG, Braziby Lowry*%
under registration n°. 006/08. Initially, 23 maltnlates The samples were diluted in the buffer (4X tris
from 19 to 34 years of age in the professionalgmteof HCI/SDS pH=6.8, 3% Glycerol, 1% SDS, 0.6%
a first division Brazilian soccer team took parttlis mercaptoethanol, Bromophenol Blue). For separatién,
study. As a result of the departure of some atbletee | ig of gel protein of SDS-PAGE (sodium dodecy! (ldury
final sample was reduced to 10 subjects. All aéislatere  sy|fate-polyacrylamide) were administered at
informed about the proceedings to which they wdigd concentrations of 10%. The separation was performed
submitted and signed terms of informed consentlefés  \ith a tension of 110 V for approximately 1.5 h.texf
who attended less than 60% of the training sessi@1e  separated in the gel, the proteins were transfetved
excluded from the study. The athletes’ diet wadrotied  pyvpF (Millipore®, USA) membrane with pore of 0.45
by the department of nutrition of the club throughthe | im. The quality of the transference was monitored
period and every medication used by the athletes Wghrough membrane staining with 0.3% Ponceau saiutio
properly recorded. Table 1 displays the charadiesi®f The membrane was washed in distilled water andtiece
the sample. for one hour in a blocking solution (TBS-Tween 0.1%

The first data collection (PRE) occurred when thgith 2.5% powdered skim milk). The membrane was the
athletes first showed up for training following acation jncubated for one hour at room temperature with the
period. The second collection (POST) was perforaed primary monoclonal antibody angiactin diluted at
the end of the two-month pre-season training, 36r$10 1:1000 (Sigma, St. Louis, USA). The membrane was
after the third game of the state competition. Athb \yashed with TBS containing 0.3% Tween 20 (TBS-T) fo
times, blood collection was performed in the mogninfive minutes three times and incubated for two kawith
(7:00 to 9:00 h) before training, when the athlet&se the secondary antibody conjugated to the peroxidase
fasting. (HRP) (1:2000, anti-mouse IgG-HRP, Sigma, St. Louis

The blood used for biochemical analysis wag)SA). After the incubation period, the membrane was
collected from the antecubital vein, using EDTAdHO \yashed again in TBS-T for five minutes three tiniEise
collection vacuum tubes (Vacuétje Immediately after protein bands were detected by a chemiluminescence
collection, the tubes were centrifuged at 1500 90 reaction kit ECL plus — Amersham Biosciences do Brasil
min at 4° C, and the 0.5 mL serum aliquots wereest@t | tda) and intensities were assessed through demsitic

-80° C. analysis by the ImageQuant™ program.

R. bras. Ci. e Mov 2023(4): 5-11.
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oxygen uptake (V&). The estimation of oxygen

Dosage of a-actin by Enzyme Linked consumption of the activities was obtained from k-
Immunoabsorbent Assay (ELISA) VO, ratio after a test of aerobic capacity carriedinuhe

Interleukin 6 (IL-6) plasma levels were measuredaboratory.
using the ELISA

method with a high-sensitivity kit (QuantikineR Determination of aerobic capacity
HS, R&D Systems Minneapolis, MN, USA). The progressive exercise test was performed on a

The alpha-actin was measured using the ELIS&eadmill (Inbramed Millenniuf®) to determine V@nay
method, in which plasma samples were diluted in amas composed of one-minute stages, with an initial
adequate buffer (coating buffer; composition in :g/Lvelocity of 4 km/h and a constant slope of 2% until
Na,CO; 1.59; NaHCQ 1.93; pH 9.6). Ninety-six well reaching 15 km/h. The speed was then kept fixeti5at
plates were sensitized with 1QQ of the serum samples km/h and the slope was increased by 2% each minute
for a period of approximately 12 h af@. All the liquid until fatigue. HR.x was considered the highest HR
was then removed from the plates and they werelyigh recorded during the exercise test. ¥Q was measured
washed with a washing buffer (0.9% NaCl + 0.0599Y @ open-circuit spirometry during the progressiest
Tween-20). by a previously calibrated gas analyzer (K48osmed).

A block of nonspecific connections was performedVith the results of the exercise test, a linearesgon
through the addition to each well of 1p0of PBS plus €quation was drafted on an individual basis tobista

2% skim milk (Molico) for one hour at 37C. The plate the HR x VQ ratio. Thus, using this equation and the

was washed once more with the washing buffer ard tﬁecords of mean HR of each specific training sessio

primary monoclonal antibody antiactin (Sigma, St was possible to determine the ¥@f the athletes from the

Louis, USA) diluted at 1:1000 in PBS-T (PBS + 0.05%1R-
The anaerobic threshold was considered like the

. . onset blood lactate acumulation (OBLA). The HR
primary antibody was removed, the plate was washed
corresponding to the OBLA intensity was obtainedain
diluted at 1:3000 PBS-T + 2% milk was added to thgeld test®. The test consisted of 2 to 5 runs of 1000 m at
. . a mean initial speed of 10 km/h. Sixty to 90 secoaftier
solution. Two washes were performed and a reactioh
substrate (OPD 0.2 mg/mL in citrate buffer 5.2 gbt] each run, a digital blood sample was collectedy26for
5.0) was added. After 20 minutes, the reaction ways]e measurement of blood lactate concentrationgusia
Accusporf blood lactate analyzer. The test was

Tween-20). After incubation for one hour at 32, the

again and the secondary polyclonal antibody antiiseo

stopped with 20 pl of 80, 4N and the reading was

performed with a microplate reader at 492 nm (Bq.otemterrupted if the blood lactate concentration heat or

ELX 800°). Negative (only coating buffer) and positiVeexceeded 4 mM. Otherwise, the volunteer performed

(10; 5; 1; 0.5 pg oé-actin) controls were carried out. Theanother run at a speed that was 1 km/h faster. 18R w

. . monitored along the runs and the average was cenesid
plasmaa-actin concentration was calculated based on ‘a

previously establishegkactin pattern for HR determination. The HR corresponding to OBLA

was determined by linear interpolation using the
- o Microsoft Excef software. Based on the HR x Y@atio
Training monitoring

L . , .. and using the HR anaerobic threshold was determined
Training intensity was determined by monitoring
the heart rate (HR) during the activities with tee of what was the running speed and the corresponding

heart monitors (Pol&rElectro Oy, Polar Team System’percentage OF Véhau

Finland). Training intensity was determined as a Environmental conditions (dry/wet, temperature)

percentage of maximal HR and percentage of maximgwmg all training sessions were recorded usingétal

R. bras. Ci. e Mov 2015;23(4): 5-14.



9 Creatine kinase and alpha-actin in soccer pre-season

thermo-hygrometer (Instrutherm, model HT-260). Thi§he intraclass correlation coefficient (ICC) wasdigo
device was fixed at 100 cm from the floor and has adetermine the reliability between the different swa

error of £ 2% in its measurement. techniques. The level of significance was setatp05.

Statistical Analysis Results

The analysis of the effect of training on the plasm Table 1 shows the characteristics of the volunteers
concentration ofa-actin and serum CK activity was The table 2 shows the intensity of training
performed using the paired Student’s t-test. Adlutts are microcycles and intensity of the different types of

expressed as mean and standard error of the meah) (S trainings applied along the pre-season.

Table 1. Characteristics of participants (n = 10); dataregped as meanSEM

Age Body mass %F VE\ax Anaerobic threshold
Vel/ %V Osmax
(years-old) (kg) (%) (miglkg/min) (km/h) (%)
26+ 6 73+4 9+2 54+5 128+3 74 +5

Table 2. Duration and intensity of the training microcyckesd intensity of the different types of trainingilues are

expressed as mearSEM

MICROCYCLES 1 2 3 4 5 6 I TOTAL MEAN SD

Physical training (min) 380.0 530.0 250.0 340.0 .800270.0 310.0 2480 340.0 94.2
Matches and friendly

games(min) 0.0 0.0 90.0 180.0 90.0 90.0 90.0 540 77.1 62.1
Technical/tactical

training (min) 100.0 180.0 180.0 360.0 350.0 230.260.0 1560 237.1 94.6
Total of each microcycle

(min) 480.0 710.0 520.0 880.0 740.0 590.0 660.04580 654.3 137.8
Training sessions

(min/mean) 96.0 144.0 1020 1740 150.0 120.0 132.0 - 131.1 27.6
HR (bpm/mean) 158.6 169.0 147.6 143.4 1489 147.32.9 - 149.7 11.4
%HR 4, (%6/mean) 80.1 85.4 74.5 72.4 75.2 74.4 67.1 - 75.6 5.8
%V Ooa, (%6/mean) 70.6 78.7 62.0 58.7 63.0 61.7 50.4 - 663. 9.0

HR — Heart rate (HR), Maximal heart rate perceniti®a,,), Maximal oxygen uptake percent (%Y%)

Figure 1 illustrates serum CK activity before andjuantification using the ELISA technique confirmigis
after the two-month training period. There was aincrease for the group as a whole (Figure 3A) (PRE:
increase in serum CK activity after training (PRB:5 + 70.63 + 10.4pg/mL; POST: 101.80 + 17.39/mL;

4.2 U/L; POST: 435.7 £ 70.0 U/L; p=0.0004) for thep=0.0125 for pre and post, respectively) as well as
group as a whole (Figure 1A) as well as individpall individually (Figure 3B). The ICC between the diffat
(Figure 1B). measurement techniques foactin was 0.83.

The data from the Western Blot analysis reveal an
evident increase in serum levels @fctin in the post-
training period in relation to the pre-training joer (PRE:

42.9 + 21.6ug/mL; POST: 68.1 + 19.jig/mL; p=0.0004,

determined from optical density) (Figure 2X-actin

R. bras. Ci. e Mov 2023(4): 5-11.
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Figure 1. Serum CK activity in U/L; there was a significantrease in CK activity in the overall group. Datepressed
as mean + SEM, *p=0,0004.
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Figure 2. Seruma-actin dosage (Western Blot); there was a signifigacrease in the post-training periagactin
pattern suggests detectable levels are on the ofqlay; data expressed as mean = SEM; *p=0,0004.

200-
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125+ *
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0-
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Figure 3. Quantification of serunm-actin ELISA; there was a significant increase hie post-training period in the
overall group. Data expressed as mean + SEM, *d=250
Discussion In a study carried out by Lazariehal.’®, CK was
The main finding of this study was that preseasonsed as a marker of muscle overload and recovatysst
training caused significant changes in serum CK @nd in soccer matches, with mean values of 493 + 315 U/
actin. It should also be noted that the behaviow-attin among players at rest; throughout the season, some
and CK in response to the physiological demandsthletes presented extreme values over 950 U/Lwamd
imposed upon the players in the preseason wasasimilinstructed to rest until these values diminishelds Type
The o-actin appears to be a good biomarker obf monitoring demonstrates the applicability of GK a
physiological stress. No other studies assessiesptbwo marker for the early detection of muscle overloétdraa
physiological parameters in pre-season soccer itigain soccer training period. In the present study, \&laigove

were found in the literature. 650 U/L were found in three athletes. CK valuesever

R. bras. Ci. e Mov 2015;23(4): 5-14.



11 Creatine kinase and alpha-actin in soccer pre-season

changed in all the players, whileactin increased in eight marker of micro-injury originating from muscle oi@ad
of the ten players, thereby demonstrating a differe during physical activity %>
sensibility pattern between these markers. o-actin is another proposed marker of muscle
In another study, CK was also considered a goathmagé', as it is a structural protein of the
marker of training status in athletes, but withereations, musculoskeletal system that is released quickly the
considering the effect of age, gender, race, mgistatus, blood in cases of muscle damage with no interfexrenc
body composition and disease on the plasmigom other tissues and it remains at high concéaotia
concentrations of this metabofite Clarkson et al.*®  for 72 hours.a-actin is abundant in the cytoplasm at
evaluated the plasma activity of CK in healthy stus in  higher concentrations than other markers and has an
groups that performed concentric, eccentric anthétic  jsoform specific to skeletal muscle. A previous dstu
exercises and found an increase in CK activityhwib  reports thats-actin has all the characteristics of a good
differences between groups. Thus, experimentaleeie marker for muscle injury and its use in sportsrisppsed
reveals that the rise in blood CK does not nec#gsarfor the control of muscle damage during traifiinghe
reflect the level of tissue injury, possibly sugg®s authors cited found that-actin values increase 140% in
simply changes in cell membrane permeability antl n@eople with muscle damage. In the present studyreth
necessarily physiological demaind was a 100% increase, demonstrating an increasgury i
As in previous studies, there was greater serum Csk throughout the pre-season training periogrevious
activity (approximately 400%) at the end of the -prestudies, the analysis af-actin has been carried out on
season training periéd This result reflects the training patients with heart diseaSé"
and competition profiles imposed on soccer athletes The use ofx-actin as a marker of muscle damage
around the world, especially in Brazil. Short tia@ s a response to questions regarding currently used
periods and a full calendar of matches make theptten markers. Studies searching for markers of cardiascte
recovery of soccer athletes impossible and leathése injury propose the use of contractile proteins bé t
concentrations of muscle injury markérS. Other sarcomere. The authors of these studies proposeittha
authors believe that CK behavior during and aftefrder to detect muscle injury stemming from the
physical exercise may be directly related to indlil physiological demand imposed by certain activit@sch
characteristics, making possible the classificatioh markers should be part of the musculoskeletal strefc
subjects as either highly responsive or less respen 2! y_sctin is a very early marker of tissue injury, its

According to these same authors, peak CK post-eseercyglease occurs within the first six hodfs This kinetics

activity in the highly responsive group would beédve corresponds to a fast, early releasecdictin from the

3000 U/l, whereashe value in the less responsive 9grouRytoplasmic compartment of the cell, which may be

would be below 400 U#". followed by the structural componéht

The increase on the CK activity may be a result of The plasma concentration efactin has been used

changes on thenembrane of the muscle cell, due t0 the,s 5 marker of stress level in professithand colleg®

hypoxia and muscle ischemia reactions originateanfr soccer players and it has been found to be asedcat

the exhaustive exercise, as well as from the ise@a accute physiological demand.

intracellular calcium, which would activate the f@ases In team sports, the long competitive season is not

dependent on the calcidfn Thus, CK seems to be @t orapie to the ideal preparation of athletes.sTis

marker of changes on the metabolic behavior of tegsc especially true for soccer, which is considered an

possibly indicating injury caused by crushing, #tand e rmittent activity of high intensi§, in which athletes

strenuous activitiéS However, there is controversy in ., o an average of 10 km during a game, with anmea

the use of CK regarding its specificity and relipias a intensity of 85% of maximal heart rate and 75% of

R. bras. Ci. e Mov 2023(4): 5-11.
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maximal oxygen consumptih Physiological markers Research in the State of Minas Gerais .(Fundacdo de
have revealed that recovery is incomplete sometif@eds Amparo a Pesquisa do Estado de Minas Gerais
after a game'® [FAPEMIG])- and Pro-Rectory of Research of the Fatle
Thus, the determination of physiologicalUniversity of Minas Gerais (Pré-Reitoria de Pesguis
parameters for monitoring the training status bfedes is Universidade Federal de Minas Gerais [PRPQ-UFMG]),
an important factor for planning the sportive prapian. Clinical analyses laboratory S&o Sebastifo (Cel
Determining the recovery in response to trainingisli ~ Fabriciano, MG) and laboratory management Elia® Jos
in a reliable and individual fashion is necessaoy tde Sales Filho and laboratory techincal Marcilene
avoiding excesses and the exclusive use of theesiiNg Honorato Pires.
perception of trainers and preparers for the seleaf
training loads.
It should be highlighted that in this study we
evaluated a professional soccer team which had an
unusual long pre-season, lasting for two monthd, tae
physiological markers indicated that there was a
significant overload. It is common in other profess
teams occur smaller preparatory periods, whereas th
competitive calendar is intense. For this differgata can
be found in future studies.
The present study undertook the first analysig-of
actin in soccer players as a marker of muscle osdrl
stemming from training. The results demonstrate the
viability of a-actin as a marker of muscle injury, since its
response was similar to that of CK. The determimatf
the kinetics of the release afactin, critical reference
values, its relation with muscle injury and itsatédn with
psychological profile and training load should lettier

investigated.

Conclusion

The significant increases i@actin concentration
and in CK activity of soccer players over the twonth
pre-season indicated that an elevated training laser

was imposed upon the athletes
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