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ABSTRACT

The aim of the study was to determine the physical, physiological and nutritionalcharacteristics of female futsal players
and selected markers of oxidative stress after their exercise training (Loughborough Intermittent Shuttle Test). Eight
health female futsal players (age 21.3 + 3.2 years, body mass 64.5 + 5.6 kg, height 169.5 = 6.5 cm, body mass index
22.45 + 2.25 kg/m*; mean + SD) participated in this study. Blood samples were collected before, during and immedi-
ately after the exercise for glucose, lactate, ascorbic acid, total plasma antioxidant potential, lipid hydroperoxides, ma-
londialdehyde and creatine kinase concentrations. Female futsal players appeared to meet caloric needs but failed to
meet minimum carbohydrate and vitamin A, C and E recommendations. Immediately after the exercise there were an
increase in lipid hydroperoxides (ranging from 9.32 £ 1.86 umol-L™" to 13.02 + 1.62 umol-L™', p < 0.05), malondialde-
hyde (ranging from 2.16 + 0.45 nmol-L™" to 3.29 + 0.62 nmol-L ™, p < 0.05) and creatine kinase (ranging from 118.14 +
18.21 UI.L" t0 185.59 + 6.96 U.L.L™', p < 0.05). In parallel, ascorbic acid and total plasma antioxidant potential had a
slight decrease during and after exercise. Considering that alterations in oxidative stress parameters associated with in-
adequate ingestion of nutrients can affect health and performance of game players, further studies are needed to evalu-
ate the inclusion of an nutritional education program and extent of biochemical changes through athlete’s recovery pe-

riod.
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1. Introduction

Futsal is an indoor soccer (5-a-side) officially approved
by FIFA (Fédération Internationale de Football Associa-
tion). FIFA Futsal World Cup (2008) showed that it is
practiced by over two million registered and active play-
ers (men and women) worldwide and is one of fastest
increasing sports in recent times [1]. Despite of the glob-
al status there are few studies available in the scientific
literature about its physiological variables.

Futsal is characterized as an intermittent sport that
makes high physical, technical, and tactical demands on
players [2]. Recently, studies evaluating match demands
of futsal demonstrated that players spent more than 50%
of the playing time at exercise intensities higher than
90% of maximum HR (HR,,,,) and blood lactate concen-
tration increased after physical stimulation, reaching av-
erage values of 5.3 mmol-L™" [3,4]. These data suggests
that futsal games demands high physical effort energeti-
cally sustained mainly by anaerobic metabolism. Analy-
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sis of movement demands has showed that players per-
formed on average one sprint every 79 s and changes in
locomotors activities every 3.28 s during a match [4,5].
Sports with high-intensity physical activities, like fut-
sal, can promote important metabolic alterations that may
impair player’s performance due to excessive production
of free radicals (FR) and oxidative stress [6]. FR and
correlated reactive oxygen and nitrogen species, are
normally generated in cells and tissues by many proc-
esses of human metabolism [7]. However, under physio-
logical conditions, these species are normally neutralized
by the antioxidant defense system, including antioxidant
vitamins, enzymes and proteins [8]. During exercise, FR
production increases significantly and if the rise exceeds
the cells antioxidants capacity oxidative stress can be
installed, promoting lipid peroxidation and tissue damage
[9]. This can lead to alterations of the structural and
functional properties of the cell membrane lipid bilayer,
impairing selective permeability and promoting cellular
damage and leakage of substances into the extracellular
environment [7,8]. The consequences of oxidative stress
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to physical performance include time limiting of exercise,
delayed-onset muscle soreness and contraction-induced
muscle injury [10]. Therefore, the evaluation of oxidative
stress products and the antioxidant defense system in
athletes is of great value to study strategies in the promo-
tion of physical performance and recovery after exercise.

The physiological demands of futsal and its practitio-
ners, especially women, are still scarce in the literature.
Only a few scientific studies have been carried on futsal
and most of them involving male players. Thus, the ob-
jective of this study was to evaluate the physical, phy-
siological and nutritional characteristics of female futsal
players and investigate changes in biomarkers of oxida-
tive stress under intermittent physical activity.

2. Methods
2.1. Human Volunteers

Eight healthy, trained university women futsal players
[age 21.3 + 3.2 years, body mass 64.5 = 5.6 kg, height
169.5 £ 6.5 cm, body mass index 22.45 + 2.25 kg/m?,
body fat percentage 22.8% + 2.2% according to Jackson
et al. [11] and maximal oxygen uptake (VOj,nay) 50.8 £
3.3 ml'kg "“min"' [12]; mean = SD] from the official fut-
sal team of the Federal University of Rio de Janeiro
(UFRJ), Brazil, participated in this research. The study
was approved by the Ethics Committee of the Instituto de
Estudos em Saude Coletiva from UFRJ and participants
were informed verbally and in writing before the proce-
dures and provided their written consent.

The training routine of the futsal players included
training for two hours, four times per week and competi-
tive games in “championships” every week.

2.2. Experimental Design and Procedures

All participants reported to the laboratory on the day of
the experimental procedures early in the morning, after 8
hours fasting, to perform the first blood sampling (before
exercise—PRE) and consumed a standard breakfast ad-
justed according to individual recommendations [13].

The evaluation of nutrient intake was performed using
the food frequency questionnaire (FFQ) [14] and dietary
24 hours recall (R24). The R24 was also applied in two
other moments: 1) anthropometric assessment; and 2)
measurement of VOo., totaling three R24, which were
analyzed using the software NutWin (2003, University of
Sao Paulo). The participants were instructed to maintain
their usual dietary pattern throughout the study.

The exercise training protocol was the Loughborough
Intermittent Shuttle Test (LIST), according to Nicholas et
al. [15], which involved periods of exercise in varied
intensity (walking, sprint, and running at 55% and 95%
VOjmax), for 15 minutes alternated with 3 minutes of pas-
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sive recovery. The described activities were performed
continuously inside a 20 m distance delimited by colored
cones. The exercise protocol was carried out on the court
where the games and training are normally conducted
(temperature around 25°C) and blood samples were also
collected during (MID) and immediately after (POST)
the LIST.

Heart rate (HR) was monitored and continuously reg-
istered every 15 s throughout the exercise training pro-
tocol. The HR was also evaluated during a competitive
game (Copa Unido de Futsal), covering all volunteers in
this study aiming to compare with the results obtained in
the LIST.

2.3. Blood Sampling

Venous blood samples were collected from the antecubi-
tal vein into tubes containing heparin and an aliquot of
whole blood was separated on capillaries for determina-
tion of haematocrit according Cholewa et al. [16]. The
data obtained in plasma at MID and POST was corrected
for haematocrit changes (hemoconcentration). The re-
maining blood material was immediately centrifuged at
3000 rpm for 10 minutes to obtain the plasma. The plas-
ma was separated into aliquots and quickly frozen at
—20°C for glucose, lactate and creatine kinase (CK), and
at —80°C for subsequent biochemical analysis of ascorbic
acid (AA), total antioxidant potential, malondialdehyde
(MDA) and lipid hydroperoxides (LOOHs).

2.4. Biochemical Assays

Glucose, lactate and CK plasma concentration were ana-
lyzed by spectrophotometry using commercial test kits
[DOLES-10231810084 (Goids, Brazil)/K084-2 BIO-
CLIN-10269360143 (Minas Gerais, Brazil)/DOLES-
10231810072 (Goias, Brazil), respectively]. Plasma AA
was determined by reverse-phase high-performance lig-
uid chromatography (HPLC-Shimadzu LC-2010), ac-
cording to Bobrowicz et al. [17]. Samples and standards
(20 pL) were injected onto a 4.6 mm x 25 cm chroma-
tographic column packed with micro-Bondapak C18
(Hypersil) with the absorbance read at 248 nm. Concen-
tration of AA was determined by linear regression from
an AA standard curve (10 - 50 pmol/Supelco). Total
plasma antioxidant potential was evaluated by the ferric
reducing ability of plasma assay (FRAP), according to
Benzie & Strain [18]. Samples were submitted to FRAP
analyses with modifications of McAnulty et al. [19], as
follows: 10 pL of sample and 300 pL of FRAP reagents
were added in a 96-well microplate and absorbance was
measured at 593 nm. The concentration of FRAP were
expressed as AA equivalents determined by linear re-
gression from an AA standard curve (90 - 720 pmol).
Plasma MDA was determined by reverse-phase HPLC
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(Shimadzu LC-2010) according to Karatas et al. [20].
Samples and standards (20 uL) were injected onto a 4.6
mm x 25 cm chromatographic column packed with mi-
cro-Bondapak C18 (Hypersil) and chromatograms were
monitored at 254 nm. Concentration of MDA was deter-
mined by linear regression from a 1,1,3,3-tetracthoxy-
propane standard curve (0 - 50 nmol/Sigma). LOOHs lev-
els were determined by the method of xylenol orange
version 2 (FOX2) in accordance with Sodergren et al.
[21]. The FOX2 assay is coupled with the selective hy-
droperoxide reductant triphenylphosphine (TPP-Sigma)
[22], to determine whole plasma LOOHs. LOOHs content
was determined by linear regression from a hydrogen
peroxide (H,0,) standard curve (5 - 50 pmol/Merck).

2.5. Statistics

Analysis of variance (ANOVA) with repeated measures
for normally distributed data was used to establish
whether results of biochemical analysis during and after
exercise were significantly different 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
futsal match HR data. p-values below 0.05 were consid-
ered statistically significant and data were presented as
means and standard deviations (X =+ SD).

3. Results

The dietary analysis obtained from R24 showed that the
mean vitamin A (510.9 = 147.0 ug RE), C (69.7 £ 27.5
mg) and E (4.8 + 1.4 mg TE) intake was below the die-
tary reference intake [23] (Table 1).

These data are consistent with those obtained through
analysis of the FFQ, which showed that, in general, the
futsal players presented a low-frequency intake of vege-
tables and fruits.

The energy intake of the players in this research

Table 1. Female futsal players’ mean intakes of total energy,
macro and micronutrients.

Variables Intake
Energy (kcal/day) 2937 + 380
Carbohydrate (g/kg weight/day) 5.1+1.7
Fat (g/kg weight/day) 14+0.1
Protein (g/kg weight/day) 22+£03
Vitamin A (ug RE) 510.9 +147.0
Vitamin C (mg) 69.7+27.5
Vitamin E (mg TE) 48+1.4

Note: Values expressed as mean + standard deviation.
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ranged from a minimum of 2494 kcal/day to a maximum
3469 kcal/day with a mean of 2937 + 380 kcal/day. Con-
sidering the physical activity (PA) levels described in the
position of the American Dietetic Association and the
American College of Sports Medicine [13] the energy
intake of futsal athletes ranging from “sedentary” (mini-
mum) to “active” (maximum), respectively, with a mean
to “low active” PA level. Considering a PA level ranging
from “low active” to “active”, because the routine of
training and competitions (non professional players), the
futsal players have a calculated energy requirement [13]
estimated at 2770 - 3667 kcal/day, which includes the
energy intake observed in this study. Energy consump-
tion as macronutrients was also compared to the recom-
mendations [13]. Carbohydrate intake (5.1 = 1.7 g/kg of
body weight/day) was below the lower recommended
limit (6 - 10 g/kg of body weight/day) and the protein
intake (2.2 £ 0.3 g/kg of body weight/day) was above the
upper recommended limit (1.2 - 1.7 g/kg of body weight/
day), while the ingestion of fat (—28.5%) was within the
recommendation (20% - 35% of total energy intake)
(Table 1).

The mean HR during the match was 174 + 11 bpm and
during the LIST was 167 £ 6 bpm, which corresponds
respectively to 84.3% + 2.4% and 87.8% + 3.7.0%, of the
HR,..x. No statistical difference was found in mean HR
between the match (including 1st and 2nd halves) and the
LIST. The observed HR of players was categorized in
ranges and the time spent in either range was analyzed,
as demonstrated in Figure 1.

Significant differences (p < 0.05) were found between
the LIST and the futsal match, for the time spent in low
HR ranges, which futsal had less periods of time in low
HR ranges than the LIST.

The LIST induced a significant increase in plasma
glucose content at MID when compared with PRE values
(p < 0.05) returning to baseline at POST (Table 2), while
plasma lactate increased significantly at MID values (p <
0.05) and kept elevated at POST when compared with

D LIST & Futsal

Percentages of time

<130 130-140 141-150 151-160 161-170 171-180 181-190 191-200 >200

HR ranges

Figure 1. Percentages of time spent in different heart rate
(HR) ranges during LIST and Futsal match. *: Significance
difference (p < 0.05) with LIST values. Note: Values Ex-
pressed as mean + standard deviation.
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Table 2. Glucose, lactate and ascorbic acid plasmatic from
the futsal players in three periods of time: pre (PRE), mid-
dle (MID) and post exercise (POST).

PRE MID POST
Glucose 4.62+£029° 624+0.84"  4.67+0.49°
(mmol-L ™)
Lacate ) 5540300 3574121 587+ 146"
(mmol-.L™")
Ascorbicacid g4 674 643 92112466  89.45+3.71

(umol-L™)

““Djfferent letters in the same row indicate significantly difference (p <
0.05). Note: Values expressed as mean + standard deviation.

the PRE values (Table 2). No significant differences
were found in plasma AA concentration in any analyzed
time point (Table 2).

Plasma total antioxidant potential (Figure 2(a)) had
slight decreases at MID (533.01 + 87.92 pmol-L™") and
POST (456.22 + 85.77 umol-L™") vs PRE values (544.05
+ 95.04 umol-L™") but there was no statistical signifi-
cance. Plasma LOOHs (Figure 2(b)) concentration in-
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creased significantly at POST (p < 0.05) (13.02 + 1.62
pumol-L™") vs PRE values (9.32 + 1.86 pmol-L™"), while
plasma MDA levels (Figure 2(c)) and CK activity (Fig-
ure 2(d)) significantly increased at POST (p < 0.05)
(3.29 + 0.62 nmol-L™'; 185.59 = 6.96 U.L.L", respec-
tively) vs PRE (2.16 + 0.45 nmol-L™'; 118.14 + 18.21
U.L.L", respectively) and MID values (2.10 + 0.54
nmol-L™'; 127.81 £ 15.07 U.L. L™, respectively).

4. Discussion

The present study evaluated the physical, physiological
and nutritional profile of female university futsal players
and the biochemical changes during and after intermittent
exercise training. The assessments proposed by this re-
search are of great utility for the scientific and profes-
sional community due to scarcity of research with futsal,
especially with women.

The anthropometric and functional profile of futsal
players, in this study, was similar and consistent with
other university female team sport, such as soccer, and
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Figure 2. Total antioxidant potential as plasma ascorbic acid equivalents concentrations (a); Plasma lipid hydroperoxides
concentrations (b); Plasma malondialdehyde concentrations (c); Plasma creatine kinase activity (d); in three periods of time:
pre (PRE), middle (MID) and post exercise (POST). *: Significant difference (p < 0.05) with the PRE values; #: Significant
difference (p < 0.05) with the MID values. Note: Values expressed as mean + standard deviation.
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runners, except for VOyax, Which is a variable parameter
among sports modalities [24,25].

In general data supplied by the FFQ showed a low
consumption of fruits and vegetables, which were con-
firmed by the analysis of R24, where the intake of nutri-
ents present in higher amounts in those food groups, vi-
tamins A, C and E, were below the dietary reference [23].
The dietary analysis obtained from R24 showed adequate
energy intake according to activity level and recommen-
dations although the distribution of energy in macronu-
trients (carbohydrates-CHO and proteins) was found in-
adequate [13] (Table 1). Clark et al. [26] worked with
female soccer player from a university of the United
States and found similar results as this study, where the
players appeared to meet caloric needs but failed to meet
minimum recommendations of CHO and micronutrients.

A futsal match implies several acute physiological
changes, such as increased cardiac output and blood flow,
due to the large variety of physical activities (e.g. sprints,
intermittent running or resistance exercise). The LIST
protocol has been widely used in studies that approached
sports such as rugby, hockey and soccer [15,27,28] as an
experimental model of exercise and it presents intermit-
tent activities (e.g. walk, sprint and running) that may
correspond to the efforts of a futsal match. The match
examined in the present study was a competitive game
and the mean HR registered during the match (174 + 11)
were not statistically different from the LIST (167 + 6).
However, during the match the players had minor periods
of time in low HR (less than 150 bpm) than the LIST
(Figure 1). Probably, it resulted from the different match
demands and position of athletes. However, a conclusion
about this subject could only be done beyond a well con-
trolled study involving different competitive games,
which was not the aim of the present investigation. Here,
it was demonstrated that the exercise protocol can have
similar physical effort, measured as HR, of a competitive
game. Carrying out exercise protocols, such as LIST in
studies involving biochemical assessment is needed in
order to attain the straight control of many variables that
can influence metabolic response.

The exercise intensity can also be assessed by meas-
uring blood lactate levels. In this study, after the exercise
protocol, average values of lactate 5.87 + 1.46 mmol-1"
(Table 2) were similar to those obtained by Castagna et
al. [4], 5.3 (1.1 to 10.4) mmol-1"", with futsal players af-
ter a game-play. It can be accepted that the LIST protocol,
in this study, was intense as a futsal game [4]. Lactate
values normally increases after vigorous physical exer-
cise mainly due to the high metabolic need for energy
(partial production of energy through the conversion of
glucose to lactate) and absence of oxygen (anaerobic me-
tabolism) [29].

Intense exercise stimulus can induce the production of
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FR which may lead to oxidative stress and cause damage
to cellular tissue [6]. FR are normally neutralized by an
elaborate antioxidant defense system that consists of en-
zymes such as catalase, superoxide dismutase, gluta-
thione peroxidase, and numerous non-enzymatic anti-
oxidants, including vitamins A, E and C, glutathione,
ubiquinone, and flavonoids [8]. Nutrition provides an
important part of the non-enzymatic antioxidants system;
however, insufficient micronutrient supply is often re-
ported by athletes, especially women [26,30]. Neverthe-
less, exercise can produce an imbalance between reactive
oxygen species and antioxidants, which is referred to as
oxidative stress. On the other hand, the body appears able
to withstand a limited increase in FR and it may be nec-
essary in some cases for conditioning and metabolic ad-
aptation [31]. Thus, evaluation of biomarkers of oxida-
tive stress in biological fluids is necessary for knowledge
about the production magnitude of these substances and
to approach the physical condition of athletes, their
training and recovery.

In this study it was investigated the lipid peroxidation,
through measurements of MDA and LOOHs, the total
antioxidant potential, the plasma content of AA (compo-
nent of nonenzymatic antioxidant system) and the CK as
an indirect marker of muscle damage (Figures 2 (a)-(d)).
The increase in plasma LOOHs, MDA and CK immedi-
ately after the end of exercise in parallel with the de-
crease tendency of AA and total plasma antioxidant, as-
sociated with the inadequate dietetic consumption of an-
tioxidants vitamins (A, C and E), may be considered risk
factors for oxidative stress in those players. The long
term insufficient intake of antioxidant nutrients, can
compromise the non-enzymatic antioxidants system,
which along with the antioxidant enzymes is responsible
for FR scavenging in the body.

Generally, research involving analysis of biomarkers
of oxidative stress has presented controversial results. As
regards the total plasma antioxidant potential, for exam-
ple, some studies reported results that showed increased,
decreased or no significant difference in plasma concen-
tration [19,32,33]. One possible reason for the observed
discrepancies among studies is the different techniques
employed for analysis and comparison of results.

Nevertheless, in this study, data on biomarkers of oxi-
dative stress, in times that were analyzed (PRE, MID and
POST) showed significant differences, with an acute
elevation of some markers (LOOHs, MDA and CK) after
exercise. The data found in literature for sports similar to
futsal, such as soccer, show that MDA values after phys-
ical exercise may remain altered for up to 24 hours,
whereas the plasma concentration of CK reaches its peak
between 6 and 24 hours after physical activity [24]. Con-
sidering that those changes may continue for up to 24
hours after exercise, strategies to minimize the possible
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effects of these harmful substances in the competitive
player’s recovery period should be recommended. This
was a preliminary study and further research involving
female futsal players are required to actually establish a
pattern of physiological behavior with the practice of
exercise and also alternatives that could help the physical
performance of this population.

5. Conclusion

In summary, this study was undertaken to examine the
university female futsal players concerning the physical,
physiological and nutritional characteristics and the bio-
chemical changes with practice of physical activity. Fut-
sal players reported a low intake of fruits and vegetables,
being the micronutrients (vitamins A, C and E) below the
recommendation. A nutritional education program should
be included in the training routine of the players in order
to introduce concepts of health diet that may encourage
higher consumption of vitamins and minerals rich food.
Exercise training (LIST) promoted a significant increase
in biomarkers related to lipid peroxidation (MDA and
LOOHSs) and muscle damage (CK), while there was a
decreasing tendency in total antioxidant potential and
ascorbic acid concentration. These results, although pre-
liminary, suggest changes in the redox capacity of the
organism and indicate the need for further research aim-
ing to assess the recovery period and verify if nutritional
orientation would modify biochemical profile.
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