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ABSTRACT 

The purpose was to analyze biomarkers of oxidative stress and muscle damage in junior soccer players undergoing 
intermittent exercise to verify the biochemical changes. Ten trained, healthy male soccer players (age 18.3 ± 0.7 years, 
body mass 74.3 ± 7.4 kg, height 175.5 ± 6.7 cm, body mass index 24.14 ± 1.15 kg/m2; mean ± SD) from the junior cate-
gory of an elite Brazilian football association participated in this study. They accomplished a running test (Loughbor-
ough Intermittent Shuttle Test) which simulates common soccer activity patterns. Blood samples were collected before, 
during and immediately after the exercise for glucose, lactate, creatinine, urea, ascorbic acid, total plasma antioxidant 
potential, lipid hydroperoxides, malondialdehyde and creatine kinase concentrations. During the exercise no changes 
were observed in biomarkers, but, immediately after there was a significant decrease in total plasma antioxidant poten-
tial (ranging from 650.37 ± 66.53 µmol·L–1 to 559.95 ± 91.38 µmol·L–1, p < 0.05) while malondialdehyde and creatine 
kinase had increased (ranging, respectively, from 6.69 ± 0.81 µmol·L–1 to 8.35 ± 0.83 µmol·L–1 and from 272.01 ± 
49.67 U.I.·L–1 to 304.65 ± 39.13 U.I.·L–1, p < 0.05). Findings suggest that the exercise protocol induced significant 
changes in oxidative stress selected biomarkers in the early stage of recovery. Thus, taking into account that soccer 
players’ competitive careers initiate very precociously being under constant physical exhaustion, further research on 
junior soccer players’ physiology and health are important for more effective physical and nutritional programming. 
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1. Introduction 

Professional soccer is considered an endurance sport [1] 
characterized as an intermittent activity with bursts of 
intense effort [2]. The activity pattern of players during 
a match involves standing, walking, jogging, cruising, 
sprinting and backing [3]. Because of the game duration, 
soccer is mainly dependent upon aerobic metabolism 
and the average work intensity is close to the anaerobic 
threshold [3,4]. On the other hand, actions such as 
sprints, heels and kicks may be decisive in a soccer 
match, so it is accepted that anaerobic efforts are also an 
important key to success in the sport [4,5]. 

Exercise might not always be healthy in competitive 
levels, due to dehydration, substrate depletion, muscle 
damage, inflammation and increased free radicals (FR) 
production [6,7]. FR are reactive compounds naturally 
produced in human body, which can exert positive (e.g. 

on the immune system and antioxidant defenses) or neg-
ative effects (e.g. lipid, protein and DNA oxidation) ef-
fects over athletic performance, depending on the work-
load and individual physical conditioning [6-8]. To limit 
the harmful effects of FR during intense exercise the 
organism requires enzymatic (catalase, glutathione per-
oxidase, superoxide dismutase) and non enzymatic (e.g. 
vitamins A, C and E) antioxidant defense systems [9]. 
Nevertheless, if FR production is greater than the anti-
oxidant system ability to render them inactive, oxi- da-
tive stress (OS) can occurs. Consequently, cellular losses 
of redox homeostasis permits cell damages and muscle 
injuries [7,8].  

During competitive seasons soccer players have an 
intense routine of games and training. The physiological 
and biochemical parameters related to OS are normally 
altered throughout the 72 hours recovery period [10,11].  
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Thus, early recovery from exercise must be essential to 
maintain and promote good performance and health in 
those athletes. Investigations related to OS and exercise 
were carried by the assessment of biomarkers approach- 
ing antioxidant defense system, lipid oxidation and mus- 
cle damage [8,12,13]. Such parameters can be altered 
during and after exercise, depending on individual meta-
bolic adaptation, nutrition status and also by the use of 
dietetic antioxidants [12,14].The knowledge about the 
initial stage of changes in OS biomarkers has not been 
properly verified but would help in the adoption of opti- 
mum procedures in this context. 

Soccer players’ competitive careers initiate very pre- 
cociously being exposed to prolonged constant physical 
exhaustion. In Brazil, for example, the junior category 
participates in two or three championships simultane- 
ously, such as the Brazilian Junior Championship, which 
occur almost all year long, Libertadores and South 
American Cup. Therefore, studying junior soccer play- 
ers’ health ecology is important in more effective pro- 
gramming of their physical and nutritional preparation.  

Some studies have used the Loughborough Intermit- 
tent Shuttle Test (LIST) [15] as an exercise protocol [16- 
18] to simulate matches due to the lack of control in 
many variables, such as type and intensity of the activity 
performed during a game. However, only a few studies 
evaluated OS parameters during and immediately after 
the LIST practice and were carried among adults and non 
professional soccer players [11,19]. Such approach in the 
junior category of soccer players is novel and would pro-
vide support for the development of strategies for a sat-
isfactory recovery from intense physical events during 
championship seasons. Thus, the objective was to evalu-
ate selected biomarkers of OS and muscle damage in 
junior soccer players, during and immediately after the 
LIST. 

2. Methods 

Ten trained, healthy male soccer players from the junior 
category of an elite Brazilian football association took 
part in this study. The players were informed about the 
experimental procedures and possible discomforts asso- 
ciated with the study, and a written informed consent was 
obtained. The study was approved by the Ethics Com- 
mittee of the Instituto de Estudos em Saúde Coletiva of the 
Universidade Federal do Rio de Janeiro, Brazil. The sub- 
jects characteristics were in average: age 18.3 ± 0.7 years, 
body mass 74.3 ± 7.4 kg, height 175.5 ± 6.7 cm, body 
mass index 24.14 ± 1.15 kg·m–2, body fat percentage 
12.6% ± 1.7% (according to Jackson & Pollock) [20] and 
maximal oxygen uptake (VO2max) 57.8 ± 1.9 ml·kg–1·min–1 
(according to Léger & Lambert) [21]. 

Soccer players were instructed not to change their 

normal eating habits during the entire period of data col-
lection. They reported to the football club training center 
on the day of experiment after an overnight fast of 8 
hours. Then, consumed a standard breakfast adjusted for 
individual energy requirements [22]. Before the LIST, 
the participants answered a 24 hr recall to assess energy 
and macronutrients dietetic intake, which were analyzed 
using the software NutWin (2003, Universidade de São 
Paulo, Brazil). In the sequence, a cannula was inserted 
into an antecubital vein before the start of the exercise 
protocol, which was conducted in the grass field at am- 
bient temperature (30˚C), maintaining the ecological va-
riables of a soccer match. The LIST was performed ac-
cording to Nicholas et al [16] and comprised 20 m shut-
tles of varied intensity (walking, sprint, jogging-55% 
VO2max, cruising-95% VO2max) continuously during 15 
min, separated by 3 min of passive recovery, totalizing 
90 min and 5 batteries of exercise. Heart rate (HR) was 
monitored in 15 s intervals during the LIST and a com-
petitive soccer game (Tournament Octávio Pinto Gui-
marães—OPG) with all the participants. The determina-
tion of sweat loss during the LIST was performed by 
monitoring the weight and water intake (ad libitum) of 
subjects along the experiment. 

Blood samples were collected before (Pre), during (D) 
and post exercise (PE) into heparinized tubes. A whole 
blood aliquot was separated into capillary tubes for hae-
matocrit analysis [12] aiming the correction of plasma 
analyses at D and PE. The remaining freshly withdrawn 
blood was immediately centrifuged at 3000 rpm for 10 
min and aliquots of plasma was separated into cryotubes, 
frozen at –80˚C for later analysis of ascorbic acid (AA), 
lipid hydroperoxides (LOOHs), malondialdehyde (MDA), 
total plasma antioxidant potential (TAP), and at –20˚C 
for glucose, lactate, creatinine, urea and creatine kinase 
(CK). 

Glucose, lactate, creatinine, urea and CK plasma concen- 
trations were spectrophotometrically assessed using respect- 
tively commercial test kits [DOLES-10231810084 (Goiás, 
Brazil)/K084-2 BIOCLIN-10269360143 (Minas Gerais, 
Brazil)/DOLES-10231810014/DOLES-10231810007/ 
DOLES-10231810072]. Plasma AA was quantified by 
high-performance liquid chromatographic [23] (HPLC- 
Shimadzu LC-2010) using AA external standard curve 
(10-50 µmol/ Supelco). Plasma LOOHs were determined 
by the xylenol orange version 2 (FOX2) methods [24], 
coupled with the selective hydroperoxide reductant tri-
phenylphosphine (TPP) [25], using hydrogen peroxide 
(H2O2) standard curve (5 - 50 μmol/Merck). Plasma 
MDA was determined by HPLC (Shimadzu LC-2010) 
[26], using 1,1,3,3-tetraethoxypropane standard curve (0 
- 50 nmol/Sigma) for quantification. TAP was deter- 
mined by the assay of ferric plasma reducing ability 
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(FRAP) [27] and values were expressed as AA equiva- 
lents by linear regression from AA standard curve (90 - 
720 µmol). 

Analysis of variance (ANOVA) with repeated mea- 
sures was used to establish significant differences from 
baseline results. Significant main effects and interactions 
were further analyzed using Tukey’s post hoc test. A 
paired sample t test was used to determine differences 
between LIST and soccer HR data. P-values below 0.05 
were considered statistically significant and data are pre- 
sented as means and standard deviations (mean ± SD). 
There was no loss of data or subjects during research and 
the results from blood analysis are presented as the mean 
of all subjects. 

3. Results 

Energy and macronutrient intake of subjects (energy 
3253 ± 318 kcal/day, carbohydrate 6.1 ± 0.7 g/kg weight/ 
day, protein 1.7 ± 0.2 g/kg weight/ day, fat 1.4 ± 0.3 g/kg 
weight/ day) were in accordance with the recommenda-
tions for physically active adult men [22]. The peak HR 
during the game was 197 ± 4 bpm while during LIST 
was 191 ± 3 bpm. The mean HR during the match (175 ± 
5 bpm) was significantly higher (p < 0.05) than the LIST 
(162 ± 3 bpm). The total weigh loss of subjects (1.45 ± 
0.27 kg – weight loss + fluid intake), corresponded to 
1.94% ± 0.33% of the mean body mass, which may not 
compromise physical performance accordingly to the 
recommendations [22]. 

The plasma glucose concentrations had a slight nu- 
merical decrease in PE vs. Pre (Table 1). There were 
significant differences (p < 0.05) in plasmatic lactate 
among blood samples, being elevated at D and PE vs. Pre 
values (Table 1). The plasma concentrations of creat- 
enine were increased (p < 0.05) at D and PE vs. Pre. Urea 
and AA concentrations were not statistically different 
(Table 1). 

 
Table 1. Lactate, glucose, creatinine, urea and ascorbic acid 
(AA) plasmatic concentrations before (Pre), during (D) and 
post exercise (PE), of junior soccer players (mean ± DP). 

 Pre D PE 
Glucose  

(mmol·L–1) 
5.56 ± 0.48a 5.35 ± 0.44a 5.08 ± 0.60a 

Lactate  
(mmol·L–1) 1.79 ± 0.25a 8.38 ± 0.40a,b 11.72 ± 0.31a,b,c

Creatinine  
(mg·dl–1) 1.13 ± 0.11a 1.38 ± 0.10a.b 1.48 ± 0.19a 

Urea  
(mg·dl–1) 37.17 ± 4.49a 33.12 ± 2.29a 32.21 ± 4.25a 

Ascorbic acid  

(µmol·L–1) 
83.40 ± 4.76a 86.34 ± 3.72a 83.18 ± 5.73 a 

a,b,cDifferent letters in the same row indicate significantly different (p < 0.05). 

The Figure 1(a) shows that LOOHs were not statistic- 
cally different among plasma samples. The MDA con- 
centrations, in Figure 1(b), were significantly increased 
(p < 0.05) at PE (8.35 ± 0.83 nmol·L–1) vs. Pre and D 
(6.69 ± 0.81 and 7.03 ± 1.01 nmol·L–1, respectively). 
Figure 1(c) shows that CK activity was significantly 
increased (p < 0.05) at PE (304.65 ± 39.13 U.I.·L–1) vs. 
Pre (272.01 ± 49.67 U.I.·L–1). TAP values, showed in 
Figure 1(d), were decreased (p < 0.05) at PE (559.95 ± 
91.38 µmol·L–1) vs. Pre (650.37 ± 66.53 µmol·L–1). 

4. Discussion 

Over the last twenty years, scientific interest in soccer 
has grown considerably. However, literature with elite 
soccer players, mainly involving analysis of biomarkers 
of OS, is still insufficient. Research on junior category is 
even scarce. Studying junior category is determining in 
the future success of soccer players’ career. Soccer in-
vestigations face a challenge of developing an optimum 
exercise protocol. Such a protocol must represent accu-
rately efforts and intensity of a soccer match to enable 
sound interpretation and extrapolation of results. In this 
current study some selected biomarkers of OS in junior 
soccer players were monitored using an exercise protocol 
that simulates soccer match activities [15]. The results of 
this study showed that significant changes occurred in 
biomarkers of OS and muscle damage immediately after 
the exercise. 

The total distance covered during the test was 10.82 ± 
1.72 km. This is similar to the calculated distances cov-
ered in professional soccer matches, which are approxi-
mately 10 - 12 km [2,28]. During the protocol, players 
performed activities such as sprinting, walking, jogging 
(55% VO2max) and cruising (95% VO2max) during respec-
tively 2.94%, 44.72%, 31.19% and 11.6% of the time 
taken in the protocol, which was in accordance with the 
time-motion analyses of the activities carried on a soccer 
match [10,28]. 

The mean HR of athletes in this study, both during the 
competitive match and the LIST, were similar to those 
reported in literature [11,15,29]. The significant differ-
ences (p < 0.05) between the match and LIST could in-
dicate that the LIST protocol is not as intense as game 
play. This is in agreement with the results published re-
cently where the LIST protocol was compared with a 
single friendly soccer game [11]. When a player was his 
own control within each group, the practice of LIST or 
match represented the same physical effort in terms of 
HR. The significant difference found in mean HR be-
tween match and LIST may be related to the different 
positions of players on the field during the game, al- 
though further research is needed to confirm this hy-
pothesis. 
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Figure 1. (a) Plasma lipid hydroperoxides (LOOHs) concentrations; (b) Plasma malondialdehyde (MDA) concentrations; (c) 
Plasma creatine kinase (CK) activity; (d) Total plasma antioxidant potential (TAP) as ascorbic acid (AA) equivalents con-
centrations in FRAP analysis; before (Pre), during (D), and post exercise (PE) of junior soccer players (mean ± SD). 
*Significant difference (p < 0.05) with Pre. #Significant difference (p < 0.05) with D. 
 

The intensity of effort was also assessed by lactate lev-
els. The data, in this study, indicate that there was an or-
ganic response to exercise due to increased lactate at D 
and PE vs. Pre (p < 0.05) (Table 1), which was in agree-
ment with other researches [15,29]. Intense exercises can 
increase the formation of FR and when this increase pro-
motes negative effects in organism, the OS state can be 
installed. Lipid peroxidation is the most described conse-
quence of the OS [30] and leads to the formation of a 
wide array of oxidation products such as LOOHs and 
MDA [7]. The lipids peroxidation induces damage of 

cellular membranes which can cause the release of tissue 
intracellular substances into the blood. One of such com-
pounds is CK, which is a marker of muscle cellular dam-
age and OS [7,8]. Normally the antioxidant defense sys-
tem can avoid the installation of the OS by the action of 
many antioxidant substances, which can be measured as 
TAP and/or by the analysis of a specific antioxidant, such 
as AA [8]. 

The plasma concentrations of LOOHs, MDA, CK, TAP 
and AA at D in the present study were similar to Pre levels 
(Figures 1(a)-(d) and Table 1). However, significant dif-



Oxidative Stress Biomarkers Response to Exercise in Brazilian Junior Soccer Players 411

ferences in CK, MDA and TAP at PE suggest alterations in 
those biomarkers, in the early stage of post exercise period, 
by particular physical activity that occur during the LIST. 

Zoppi et al. [30] demonstrated that OS, muscle dam-
age markers and the antioxidant defense system of soccer 
players can be significantly altered after a competitive 
season. Ascensão et al. [10], evaluating changes in plas-
ma biomarkers of OS after a single soccer match, dem-
onstrated that plasma concentrations of MDA and CK 
were increased 30 minutes after the end of game and 
remained elevated for 72 hours. Later, those results were 
reinforced in the study of Magalhães et al. [11], who 
compared the same biochemical parameters after one 
friendly game and the LIST. The present study ap-
proached the analysis of OS parameters during and im-
mediately after exercise, to detect the initiation of blood 
metabolites alterations. Future intervention studies 
should indicate if the administration of antioxidant at this 
early stage of biochemical changes would promote ade-
quate recovery of athletes. Some authors may consider 
that the LIST protocol does not represent the same effort 
as a match. Magalhães et al. [11], for example, demon-
strated that no significant differences in CK values were 
found between one single friendly game and the LIST, 
but, the MDA plasmatic concentrations had greater in-
crease after the game than the LIST. The authors sug-
gested that the results from the LIST might be underes-
timated; however, once it is not possible to well control 
game variables [15] more replicates are required for such 
affirmation including investigation of soccer players also 
under competitive games. 

Regarding TAP the literature is quite controversial [10, 
31]. When evaluated alone, this parameter might not be 
satisfactorily consistent to estimate the impact of physi-
cal activity. Nonetheless, some conclusions may be made 
when considered along with other biochemical parame-
ters, such as MDA, LOOHs and CK. Here, the concomi-
tant decrease in TAP values and the increase in MDA 
and CK right after the LIST may indicate alterations in 
the body antioxidant defense system. However, some 
other parameters of oxidative damage, such as antioxi-
dant enzymes activity (not analyzed), should furnish 
more support to confirm these data. 

It is reasonably accepted that the constant risk of OS 
may place junior soccer players in the frontier between 
health and disease, beyond the intense routine of training 
and confronting during a competitive season. It is not 
clear in the literature the influence of changes in those 
OS markers analyzed in this study over athletic per-
formance. Also, it is not well known if it would have 
different profile under supplementation with antioxidant 
substances normally used to attenuate some of the blood 
parameters indicative of OS.  

5. Conclusions 

This work demonstrated that the LIST protocol induced 
significant changes in some selected biomarkers of oxi-
dative stress in the early stage of recovery of professional 
junior soccer players. Immediately after the exercise 
there was a significant decrease in total plasma antioxi-
dant potential while malondialdehyde and creatine kinase 
had increased. Data suggest that nutritional intervention 
with antioxidant substances during or post exercise may 
be considered for players’ effective recovery before sub-
sequent sport events. However, further investigations are 
needed to elucidate if metabolic parameters monitored, in 
the current study, would be altered by dietetic antioxidant 
substances administration. Data provided by this study 
are unique and important for professional soccer players 
because of their intense daily routines of training and 
competing and thus their constant exposure risks of inju-
ries and other consequences of free radicals generation. 
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