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ABSTRACT

Introduction: In the view of metabolic changes resulting from sport and the consequences of overcoming
individual limits in elite team sports, it is necessary to understand biochemically the phenomenon that
occurs in this modality in order to minimize damage, improve athletic performance and provide protocols
more suitable for every sport and individual. Aim: The present study aimed to analyze the metabolism of
professional athletes during training by determining blood and urinary biomarkers of proteolysis, lipoly-
sis, hemolysis and muscle microtrauma. Methods: The evaluation was carried out with 12 athletes partici-
pating in the Gold series of a futsal league. All were submitted to a standard training protocol and blood
and urine samples were collected at rest and 15 minutes after the training session. Results: The statistical
analysis of the results showed a significant increase (p < 0.05) in the relative (cells /%) and absolute (cells/
uL) counts of neutrophils, as well as in the serum concentration of uric acid, total cholesterol and HDL
fractions, ALT, LDH and CK-MM. On the other hand, it also showed a statistically significant decrease (p
< 0.05) in the concentration of magnesium, glucose, urinary urea, relative lymphocyte count, absolute
monocyte and eosinophil count (cells /% and cells/uL). Conclusion: The results obtained here allowed us
to conclude that biochemical understanding can minimize muscle damage, improve athletic performance
and offer the development of more appropriate protocols for each sport.

Keywords: biochemistry; sports medicine; athletic performance.

RESUMO

Introducio: Diante das alteragdes metabdlicas advindas do esporte e as consequéncias da superacio dos
limites individuais nos esportes coletivos de elite, faz-se necessaria a compreensdo bioquimica dos fe-
nomenos ocorridos nessa modalidade a fim de minimizar danos, aperfeicoar o desempenho atlético e
fornecer protocolos mais adequados para cada esporte e individuo. Objetivo: O presente estudo objetivou
analisar o metabolismo de atletas profissionais durante o treinamento mediante determinacio de bio-
marcadores sanguineos e urinarios de protedlise, lipdlise, hemolise e microtrauma muscular. Métodos: A
avaliacao foi realizada com 12 atletas que participam na série Ouro da liga de futsal. Todos foram submeti-
dos a um protocolo padrao de treinamento e amostras de sangue e urina foram coletadas em repouso e 15
minutos apds a sessao de treinamento. Resultados: A analise estatistica dos resultados mostra um aumen-
to significativo (p < 0,05) nas contagens relativa (células/%) e absoluta (células/uL) de neutréfilos, bem
como na concentracio sérica de acido trico, colesterol total e fracoes HDL, ALT, LDH e CK-MM. Por outro
lado, apresentaram uma diminuicao estatisticamente significativa (p < 0,05) na concentracio de magné-
sio, glicose, ureia urindria, contagem relativa de linfocitos, contagem absoluta de mondcitos e eosindfilos
(células/% e células/uL). Conclusio: Os resultados aqui obtidos permitem concluir que a compreensio
bioquimica pode minimizar dano muscular, aperfeicoar o desempenho atlético e oferecer formacio de
protocolos mais adequados para cada esporte.

Palavras-chave: bioquimica; medicina esportiva; desempenho atlético.
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Introduction

According to World Health Organization (WHO) physical activity promotes
mental (such as reducing stress [1]) and physical health. In that sense, practicing
regularly can promote several benefits [1,2]. The High Performance Sports (HPS) is
an elite sports practice in which the athlete dedicates a significant amount of trai-
ning time to reach the maximum performance and results, being subjected to heavy
training and stress rounds [3]. Therefore, in the view of alterations from metabolic
bodily activities in sports and its relevance when combined with the correct practice
it is vital to comprehend the biochemistry of processes that occur during elite collec-
tive sports aiming to minimize muscular damage, improve athletic performance and
provide proper protocols to each sport and individual.

The HPS practice, if based only in results, can be harmful since the athletes
are submitted to heavy loads with small recovery periods with no respect for its in-
dividualities and striving to overcome its limits [4]. In intense physical exercise, a
metabolic stress is created due to an increased energetic demand with a more subs-
tantial synthesis of oxidants. The high muscular activity results in an increase of oxy-
gen reactive species that exceed the body’s antioxidant capacity therefore promoting
an oxidation that can generate muscular damage with reverse consequences such as
strength loss and decreased athletic performance [5,6].

Plasmatic and urinary analysis of biochemical markers can contribute to fin-
ding and monitoring this overload since HPS can increase the plasmatic rate of mus-
cle damage marker enzymes such as creatine kinase (CK) and lactate dehydrogenase
(LDH); as well as signaling the tightening of muscle fibers, injuries, inflammations
and adaptive micro-traumas [7]. In this context, futsal is a sport with predominant
demand of the aerobic system, however, it consists of high intensity actions that de-
mands great physical, tactical and technical level from its players with the supportive
use of the anaerobic metabolism [8,9]. Thus, the occurrence of traumatic events or
injuries is common during matches [10].

Sports medicine has advanced in the last decades especially for its em-
phasis in health, improving quality of life, injury prevention and maximization of
performance of training for professional or amateur athletes [11]. Through a specia-
lized treatment and physiological and biochemical comprehension of this athlete’s
routines, a multi-professional team evaluate and manages practice with specialized
diets, adjusting its intensity and duration. This can produce positive results when
preventing, treating and rehabilitating injuries besides maximizing the athlete’s per-
formance. That way, the athlete can reach more competitive results that, when com-
bined with a healthy lifestyle, can contribute to its adaptation.

Based on such premises, the present study aimed to analyze the metabolism
and biochemical effects of futsal sport in professional athletes during training by
determining plasmatic and urinary biomarkers of proteolysis, lipolysis, hemolysis,
and muscular micro-trauma.
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Methods

This is a cross-sectional, prospective and experimental study of a futsal team
participating in the National Futsal League. Twelve male athletes members of a futsal
team participating in the National Futsal League participated in this study. The indi-
viduals included in the experiment were starting and reserve athletes with no history
of injuries within the past year; professional athletes for over 2 years; training regu-
larly at the team for over 1 year; with a diet controlled and oriented by a nutritionist.
Athletes removed because of injuries; using medication; with recent injury and with
chronic illness such as diabetes and high blood pressure were excluded.

A convenience sample was used since the sample characteristics were very
specific (athletes from a futsal team) and homogeneous (elite participating in the
National Futsal League).

Ethical aspects

This research was developed according to declarations and guidelines regar-
ding research with human beings: the Nuremberg Code, Helsinki Declaration and
the National Health Council resolution n° 466/12. This research was also approved
and regulated by the Universidade de Passo Fundo Ethics Committee, with an appro-
ved CAAE 18778119.5.0000.5342, opinion n° 3.688.601.

Environmental conditions

The training session was performed during the morning at the sports court
with wooden floor (team’s headquarters) and lasted approximately 90 minutes. The
tests were conducted with 15°C of room temperature, 88% of relative air humidity
(rainy day) and 783 meters above sea level. The athletes were dressed in light training
clothes (dry fit).

Training protocol
The training protocol included approximately 30 minutes of physical activity
subdivided in 3 phases:

. 10 minutes of light run;

. 10 minutes alternating between 10 seconds of fast run and 20 seconds
of light run;

. 10 minutes alternating between 30 seconds of light fast run and 90 se

conds of light run.

After aerobic training the athletes performed 30 minutes of lower limbs exer-
cises composed of three sets with 12 repetitions each and 45 seconds for recovery
between machines.
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Blood samples

Blood samples were collected with antisepsis of the athlete’s antecubital fossa
while resting and 15 minutes after the end of the training session. A 2 mL sample was
stored in flasks with 2 mg/mL of EDTA (ethylenediaminetetraacetic acid) for blood
analysis. A full hemogram with platelets was carried out by impedance ABX micros
60® (ABX diagnostics, Montpellier, France) electronic counting of cells. A differential
count of leukocytes was performed by microscopic analysis of 200 cells (Nikon Eclipse
600 ®, Nikon Corporate Instruments, Japan) in blood sheets colored with the Roma-
nowsky (Merck®) technique. Differential analysis of cellular strains was expressed by
relative (cells/%) and absolute (cells/pL) count.

To obtain the serum, the rest of the sample (8 mL) was stored in an anticoagu-
lant test-tube. Then, the sample was centrifuged with 1500 rpm for 15 minutes. The
serum was extracted and placed in test-tubes pre-treated with nitric acid 30% for 24
hours and rinsed five times with double-distilled water in order to spectrophotome-
trically measure biochemical parameters such as calcium, phosphorus, magnesium,
glucose, uric acid, creatinine, urea, total proteins, aminotransferases (ALT/AST), alka-
line phosphatase, lactate dehydrogenase (LDL), total creatine kinase, MB creatine
kinase, triglycerides, total cholesterol and fractions using enzymatic methods in
commercial kits following the manufacturer norms (Labtest® Diagnostica AS - Belo
Horizonte, Brazil) with a semiautomatic equipment from Labquest® (Labtest® Diag-
nodstica AS, Belo Horizonte, Brazil). The sodium, potassium and chlorides were me-
asured by the Medica EasyLite® (Medica Corporate Profile, Bedford, Massachussetts
EUA) technique of selective ion electrode.

Urine samples

A sample of approximately 50mL of urine, medium stream with previous rin-
sing of the genitals was collected in universal collector bottles of resting athletes and
15 minutes after the training session. The samples were collected in standard bottles
that were transferred from the collection site to the laboratory under controlled tem-
perature. Then, they were immediately processed and analyzed with a microscope as
recommended by the ABNT-CB 36 (in vitro). After, samples were centrifuged with
1800rpm for 10 minutes and 1 mL of supernatant was reaped for later biochemical
analysis of total urinary proteins, uric acid, creatinine and urea (Labtest® Diagndstica
S.A).

Physical-chemical analysis was performed by visual observation of the urine
aspects and color and density was measured by hand refractometer (LF® Equipamen-
tos hospitalares, Sdo Paulo, Brazil).

Chemical analysis was carried out with polyelectrolytes testing stripes (Com-
burTest Dade-Behring®) to determine blood proteins, glucose, bilirubin nitrite, pH,
ketones, leukocytes, and urobilinogen within the non-centrifuged sample.

Microscopic analysis examined the urinary sediment searching for epithelial
cells, crystals, leukocytes, erythrocytes, bacteria, mucus wiring.
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Statistical analysis

Results were transposed to a spreadsheet for analysis of central tendency
(mean) and dispersion (standard deviation) measures. Data were analyzed for nor-
mality by the Kolmogorof-Smirnov test. Variables with Gaussian distribution were
analyzed statistically by comparing the means with a “t” test for paired samples (pa-
rametric data). For variables without regular distribution, the Wilcoxon-Mann-Whit-
ney test was applied (non-parametric data), considering p < 0.05 as the minimum
level of significance.

Results

The mean age was 25.5 + 4.8 years; with 170 + 4 cm height; 74.6 + 7.6 kg body
weight; and BMI of 24.2 + 1.9 kg/m?. All subjects were training for more than two
years using athletic shoes provided by the team’s sponsoring company and were in
great physical condition. Besides, all subjects were not using any medication or su-
pplements that could have interfered in the analysis and outcomes of the study. All
athletes were resting within 48h prior to the training session.

Table I - Analysis of the acute effects of training in biochemical and blood parameters of athletes
while resting and 15 minutes after the training session

Markers Resting e)?efrtceige
Lymphocytes relative count (cells/%) 49.3£2 35.1+2 <0.001"
Eosinophils relative count (cells/%) 4.0+0.7 1.9+04 0.001*
Segmented neutrophils relative count (cells/%) 433 +£2.8 60.1+2,7  <0.001*
Segmented neutrophils absolute count (cells/uL) 2604.5+ 224 3556.0£291  0.008"
Monocytes absolute count (cells/uL) 312.2 £ 17 211.6 +18  <0.001%
Eosinophils absolute count (cells/uL) 263 £4 117 £3 <0.001"
Magnesium (mg/dL) 1.9 + 0.1 1.2 + 0.1 0.001*
Glucose (mg/dL) 92.7 + 4.8 65.3+3.4  <0.001"
Uric acid 4.6+0.2 6.0+ 0.6 0.01*
Cholesterol(mg/dL) 179.4 + 9.4 197 + 10 0.01*
HDL cholesterol (mg/dL) 46.1+3 57.2+5 0.003*
Alanine aminotransferase (UI/L) 12.5+0.8 19.3+1.3 <0.001%
Lactate dehydrogenase (UI/L) 126.9 15 214 £15 0.002*
MM creatine kinase (UI/L) 251.8+19 312 + 26 0.04*
Urinary urea (mg/mg creatinine) 40.7 £ 4.2 36.3+3.6 0.03"

Results are presented as + DP. * p < 0,05 regarding the resting athletes by analysis of parametric data
with “t” test for paired samples

Table I presented the analysis of acute training effects in biochemical and
blood parameters of athletes while resting and 15 minutes after the training ses-
sion. Results demonstrated a statistically significant increase (p < 0,005) in relative
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(cells/%) and absolute (cells/uL) count for segmented neutrophils, uric acid plasma-
tic concentration, total cholesterol, HDL cholesterol, ALT, LDH, CK-MM, that seems
to be associated with a statistically significant decrease (p < 0.05) in concentrations
of magnesium, glucose and urinary urea, lymphocytes relative count, monocytes ab-
solute count and eosinophils relative and absolute counts.

However, in parameters such as: red blood cells, hemoglobin, hematocrit,
MCH, MCV, MCHC, platelets, proteins, urea and plasmatic and urinary creatinine,
uric acid, AST, calcium and plasmatic chlorine, LDL and VLDL cholesterol, triglyce-
rides, alkaline phosphatase, phosphorus, total creatine kinase and MB fraction, iron
and potassium counts did not present a significant difference (p > 0.05) between res-
ting and after exercise (data not shown).

Table II - Analysis of the acute effects of training in physical and chemical parameters of urine in
athletes while resting and 15 minutes after the training session

Parameters Resting After exercise P

Hyaline cylinders (minimum n°) 0.0 £0.0 29+£3.9 0,02*
Hyaline cylinders (maximal n°) 0.0 £0.0 5.8+2.0 0,007*
Ketones 0.1 +£0.03 1.5+1.0 0,01*
Mucus 0.7 +0.5 1.7 £0.8 0,01*

Results are presented as + DP. * p < 0,05 regarding the resting athletes by the Wilcoxon-Mann-Whitney
test for non-parametric data

On the other hand, Table II analyzed the effects of acute training in physical
and chemical parameters of urine in athletes while resting and 15 minutes after the
training session. Results showed a statistically significant increase (p < 0,05) in the
amount of mucus wiring and hyaline cylinders, indicating a possible reduction in
urinary flow due to the loss of renal water induced by sweating, besides an increase
in urinary ketones indicating a lipolytic scenario.

In contrast, variables of physical-chemical analysis of urine, such as: color,
aspect (turbidity), density, leukocyte reaction, urobiligenin, pH, red blood cells and
hemoglobin, bilirubin, glucose, epithelial cells microscopic analysis, amorphous ura-
tes, uric acid crystals and calcium oxalate crystals; did not show any significant dif-
ference (p < 0,05) (data not shown).

Discussion

Sports practice generates several benefits when conducted with planning,
adapting the individual’s metabolism to physiological and biochemical alterations
to each type, intensity and duration of training. The lack of adequacy can promote
damage to the organism, such as increasing the susceptibility for muscular injuries,
inflammatory diseases, reduction of antioxidant capacity, loss of muscular mass and
strength, fatigue and decreased athletic performance [12-14].
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The red blood cells analysis from hematologic profile did not present any
significant difference in post-training when compared to resting for the following
parameters: hemoglobin, erithrometry, hematocrit, MHC, MCV, MCHC and plasma-
tic platelets in this investigation. Those findings are supported by Bezerra [12], that
evaluated biochemical parameters of 42 professional male soccer athletes prior, after,
24, 48 and 72 hours after the match, and did not find significant differences in such
parameters. This is a basic analysis for diagnosing anemia being an indicator for oxy-
genation and hydration in sports medicine. In that sense, erythropoietin, for exam-
ple, is a hormone that raises the red series numbers, improving the oxidant capacity
- its exogenous implementation is considered doping [15]. The hematocrit measures
the relationship between plasma/cell and is roughly affected by hydration. Therefore,
rises in the hematocrit value seems to be relate to dehydration and hemoconcentra-
tion [16]. The results analysis did not show any significant difference regarding the
mild room temperature (15°C) in training day and adequate hydration.

Also within Bezerra [12] study, its results demonstrated that in the collection
performed 24h after practice there was a small reduction of hematocrits, hemoglobin
and erythrocytes that may be justified by hemodilution [16] and mechanical stress
that can accentuate hemolysis. The iron indexes, an essential ion for hemoglobin syn-
thesis and oxygen transportation, remained with no significant difference in this
study.

Table I presents a statistically significant increase in relative and absolute
counts of segmented neutrophils combined to a significant reduction in relative cou-
nt of lymphocytes and eosinophils and absolute count of eosinophils and monocytes.
Physical exercise activates the hypothalamus-pituitary -adrenal axis [17] inducing
an inflammatory response characterized by leukocytosis that can be caused, among
others factors, by the increase of neutrophils whom have as its function to remove
undesirable elements related to tissue injuries by phagocytosis [12,18]. Blood flow
has a laminar characteristic, its viscosity and cellular elements that generates fric-
tion with the blood vessel walls generating a shear force (Figure 1). Thus, smaller ele-
ments as red blood cells, run in an axial way at the center of the flow surrounded by a
plasma stream where circulation leukocytes run. At the edge, marginal leukocytes are
located due to the plasma’s viscosity and shear force that makes them dislocate with
a lower speed that the circulation pool. The catecholamines elevation promotes he-
modynamic changes inducing the marginal leukocytes pool inside the blood vessel
to migrate combined with the leukocytes in the middle of the vessel, justifying the
development of a neutrophil leukocytosis associated with a reduction of monocytes,
lymphocytes and eosinophils reported here [19].
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According to Table I, the protein, uric acid and creatinine urinary concentra-
tion analysis did not show any significant difference after practice. This finding res-
ponds to the study of Neto [13] that reported that the HIE (High Intensity Exercise)
induced a scenario of proteinuria, cylinders and red blood cells within the urine sam-
ples. This increase was attributed to a possible vasoconstriction of the renal circula-
tion altering the hydrostatic pressure at the glomerulus also promoting the passing
of proteins and red blood cells through the glomerular basal membrane, especially
when associated with a high protein diet. It can be concluded that the experimental
protocol applied in this study was not intense enough to promote the alteration in-
dicated above.

On the other hand, these results exposed a statistically significant reduction
of urinary urea levels combined with an increase of the amount of mucus and uri-
nary cylinders. Sports practice promotes an increase of non-renal hydric loss throu-
gh sweating that can reduce the bodily hydric content, volemia and urinary debit
promoting the gelation of Tamm Horsfall proteins within renal tubules inducing the
formation of mucus and cylinders due to hydric loss [20].

The analysis of other urinary parameters: color, aspect (turbidity), density,
leukocyte reaction, urobilinogen, pH, red blood cells and hemoglobin, bilirubin, glu-
cose, epithelial cells microscopic analysis, amorphous urates, uric acid crystals and
calcium oxalate crystals, did not evidence any significant difference. Those findings
support the ones found by Neto [13] that also did not find any significant alterations
regarding such variables after HIE. On the other hand, the proposed training promo-
ted a statistically significant elevation in the number of urinary ketones that indicate
a lipolytic scenario justified by the habit common among most athletes of training
while fasting in the morning.

Among nitrogenous compounds, there was a significant increase in uric acid
plasmatic concentration combined with a reduction of urinary urea. Physical activity
promotes an increase in the metabolism of purine bases [21], that is biotransformed
in uric acid via xanthine oxidase [22], that may act as an antioxidant. Hyperurice-
mia occurs when there is an increase of metabolism and/or reduction of the uric
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acid elimination and can happen in disorders in homeostasis of sodium and water
[21]. Plasmatic urea can result from proteolysis with a major renal excretion. The
results analysis showed a decrease in urea’s renal elimination, however its plasmatic
concentration did not suffer significant alterations, indicating that the proteolysis
scenario was incipient and that the urinary reduction may have occurred due to a
volemic reduction scenario, especially when analyzed with the appearance of mucus
and cylinders [23].

Regarding the lipid profile, Table I shows that the total cholesterol and HDL
cholesterol had a significant increase after practice, while LDL cholesterol, VLDL and
triglycerides did not. Our results correspond with existing literature, since practicing
sports seems to improve the lipid profile, enhancing the muscular tissue capacity for
using fatty acids and raising the activity of the lipoprotein lipase reducing the tri-
glycerides levels and generating a balance between HDL and LDL cholesterol, being
considered the first factor of protection against cardiovascular diseases [24,25].

Cérdova [26] defined magnesium (Mg) as an essential mineral relevant for the
energetic metabolism and for the muscular contraction and relaxation function, con-
sidered a co-factor of enzymatic reactions involved in anabolic and catabolic proces-
ses that affects the muscular performance [26,27]. In the present study, is was verified
a statistically significant reduction in post-practice magnesium levels, as corrobora-
ted by Castro [14], that confirms the high loss of magnesium within blood and urine
through urine and sweat in EAR. This reduction of magnesium levels associated with
an elevation of creatine kinase (CK-mm) can lead to an understanding that the trai-
ning protocol applied was characterized by a micro-injuries scenario. Besides, since
Mg is a glycolytic route enzyme co-factor, there was also evidence that appropriate
levels of Mg would indicate a fatigue scenario when associated to glycemic reduction
and reports of it after training [27].

Muscular damage can be detected by analyzing the activity of muscular enzy-
mes such as creatine kinase (total and fraction mm CK total), lactate dehydrogenase
(LDH) or aspartate aminotransferase (AST) [28]. CK and LDH are heavy chain frag-
ments from myosin and are related to muscular tissue injuries [29]. They are found
in cell’s cytosol and do not have the capacity to go through the sarcoplasmic barrier
[28,29]. Total CK is an indirect marker of tissue damage that catalyzes the creatine
transformation in phosphocreatine from adenosine triphosphate (ATP), used to de-
tect muscular fatigue and overload. LDH is a marker of musculoskeletal injuries by
muscular fibers disruption and can be understood as a depletion of strength and
inflammation. Combined monitoring of CK and LDH levels shows the degree of me-
tabolic adaptation of skeletal muscles [30].

Results analysis showed a statistically significant raise in the activity of the
three enzymes. Studies from Barranco [28], Bezerra [12] and Ferreira [31] reported
increasing in plasmatic concentration of CK, LDH and AST enzymes in athletes after
futsal, soccer and cycling practices, respectively. The raise of muscular enzymes can
signal structural alterations within muscular fibers indicating that practice is cau-
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sing overload with resulting loss of muscular and athletic performance [31]. In the
present study, there was a significant increase in plasmatic activity of CK-MM and
LDH, while there was no significant difference in total creatine kinase, AST levels and
CK-MB fraction. Such biochemical parameters can be used as strategy planning for
muscular recovery of players as well as in the reduction of damages and consequent
improved muscular performance.

Aminotransferases are hepatic enzymes that can suffer alterations in its levels
after physical exercise, indicating hepatic, renal, cardiac, or muscular injuries [32].
AST (aspartate aminotrasnferase) has the higher participation in muscular lysis and
elevation index related to ALT (alanine aminotransferase) and can triple after intense
training. ALT is present in a higher quantity within hepatocytes; thus, its raise has a
higher probability of indicating hepatic pathology or happen due to an increase in
internal body temperature [31]. They increase due to excessive muscular tension, by
damage or deterioration of skeletal muscles. In our study, AST levels did not show
any significant differences at resting or after practice. On the other hand, ALT levels
raised significantly. When there is lack of glycogen, the liver needs to produce glu-
cose through other sources, promoting an increase in hepatic glycogenesis that uses
lactate and amino acids as substrate. Therefore, due to protein catabolism, this enzy-
mes activity can enhance [30].

Bone metabolism affects athletic performance as well as executing physical
exercises and has an important role in bone mineralization, helping to maintain ske-
letal integrity and reduce fracture risk [33]. However, the analysis of alkaline phos-
phatase, calcium and phosphorus activity did not show any significant difference in
this study.

The present investigation has some limitations, as the small sample of only 12
male athletes that do not represent conclusive reference values. Another limitation
was that, although an anamneses regarding the use of medication and supplements,
there was no diet follow-up in the days prior to the study. On the other hand, the hi-
ghlight and innovation in our study was that no literature was found that presented
and evaluated all the parameters combined. Besides, it is unique for its homogeneity
of the futsal athletes group since it was the world futsal champions, with high physi-
cal preparation and athletic performance. Moreover, our results allow an understan-
ding over the body biochemical functioning during sports practice and has charac-
teristics and descriptive data with little variance that can be take into consideration
for future research. Furthermore, this analysis was carried out with adapted athletes
undergoing high performance training for over 2 years.

Lastly, we recognize the need to comprehend the analysis of biochemical
markers corresponding to proteolysis, lipolysis, hemolysis and muscular damage du-
ring training sessions in order to prevent the low of athletic and muscular perfor-
mance, as well as physical capacities, enabling the achievement of good results.
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Conclusion

Results obtained in this research allow us to conclude that the proposed
training protocol induced a lipolytic scenario caused by the spoliation of carbohy-
drates from a low supply (fasting) e glycolytic activity from practice. However, it
did not present any relevant laboratory signals of proteolysis. Moreover, the raise
of enzymatic biomarkers characterized an adaptive micro-injury with no signs of
muscular damage/injury due to its increase of 25% (CK-mm) and 40% (LDH). Lastly,
blood alterations presented in the hemogram indicated a physiological reflex from
hypothalamo-pituitary-adrenal axis characterized by neutrophil leukocytosis with
lymphocytopenia. Thus, the experimental training protocol proposed was satisfatory
from a biochemical point of view since the metabolic adaptations characterize an
adaptation to training with no laboratory signs of damage.
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