
39 - BIOCHEMICAL ANALYSIS OF VARIABLES IN A PROOF OF CANOEING 

It is believed, especially in high performance sport, the more specific you're physiological and biochemical 
assessments in relation to metabolic requirements and tests performed in competitions, the greater the chances of athletes from 
different modalities achieve success.

For optimum efficiency in sport depends on the development of expertise. However, as important as the specificity of 
training, are the periodic evaluations. This information helps in controlling the levels of fitness and technique provides a more 
careful analysis on the effectiveness or otherwise of employee training.

With the bases specific assessments, many researchers (Gobbo, Papst et al., 2002) have tried to investigate, 
particularly over the last two or three decades, the physical characteristics of elite athletes in an attempt to explain athletic 
performance, relating it the success and failure within the sport (Parizkova 1987).

Some of these studies have confirmed the close relationship between body type and athletic performance in different 
modalities (Sadly and Freedson, 1984; Parizkova, 1987). Thus, coaches, trainers and researchers have struggled in trying to 
adapt the anthropometric profile of athletes to the specific requirements of each modality, in order to bring them to maximum 
efficiency. The knowledge of the specifics of the activity, the type of physical and physiological responses, allows us to 
understand decision making in the selection of athletes with sporting potential and the improvement of physical training. In this 
context some studies (Khosla and McBroom, 1985; Sendecki and Lutoslawski, 1990; Fewtrell, Godfree et al. 1992; Gray, 
Matheson et al. 1995; Macintyre, Moran et al. 2002; Ackland, Ong et al. , 2003) sought to profile the athlete in the world of 
canoeing.Studies have been conducted in Brazil (Abramova, Chafanova and Nikitina, 1995; Abramova, Ozolin and Nikitina, 
1995; Abramova, Nikitina et al. 2000; Dantas and Fernandes Filho, 2002, John and Fernandes Filho, 2002; Medina, 2002; 
Castaneda Dantas et al., 2003, Fernandes and Ferreira Filho, 2003 and Silva, 2003; Veiga, Pavel et al., 2003, Ferreira and 
Fernandes Filho, 2007a; Fonseca, Dantas et al., 2008) to identify the profile of the athlete Brazil, however, few studies have been 
conducted to identify the type of kayaking.

Some authors (Kemecsey 1971, Pendergast, Bushnell et al. 1989; Budgett, 1995, 1998; Zampari, Capelli et al. 1999; 
Sources, 2001, Sources, Borges et al. 2002; Gobbo, Papst et al. , 2002; Szanto, 2004, Fernandes and Ferreira Filho, 2005; 
Souza, Zogaib et al. 2005; Ferreira, Fernandes Filho et al., 2006, Ferreira and Fernandes Filho, 2007b, a), investigated in the 
form of high boating income, all in search of the specificity of sporting potential in different ways, yet the metabolic processes have 
not been widely addressed.

Thus to know the changes in concentrations of substrates and metabolites as well with the increase of activities of 
marker enzymes in plasma that accompanies physical exertion is key to understanding the biochemical procedures of the sport. 
The influence of intensity and volume of exercise on plasma biomarkers has been examined extensively in the sport of canoeing.

The purpose of this study was to examine the influences of a canoe race on the selected plasma biochemical 
variables.

METHODOLOGY:
We evaluated 15 canoeists, male, with more than three years experience of high level of expertise. The proof consists 

of two slalom canoeing descents of approximately 450 meters long the journey of a river and 20 minutes interval. Blood samples 
were collected prior to antisepsis of the antecubital fossa, 15 minutes before heating and 15 minutes after the end of two 
descents. The sample (8 mL) was wrapped in a test tube without anticoagulant and centrifuged at 1500 rpm for 15 minutes. The 
extracted serum was placed in Eppendorf vials for later biochemical analysis of glucose, uric acid, creatinina, protein, and total 
creatine kinase MB fraction, uric acid, lactate dehydrogenase, alkaline phosphatase, triglycerides, total cholesterol and fractions 
(HDL, LDL and VLDL), serum iron and ferropéxica capacity (TIBC).

We used the brand Labtest Diagnostic kits and Biotechnical protocols specific to their determination to semi-
automated equipment brand Labquest.

STATISTICAL ANALYSIS:
Data were tested for normality using the Kolmogorov - Smirnoff analysis. Analysis was used for comparison of means 

by Student's t test for paired samples (parametric data) and Wilcoxon-Mann-Whitney test (nonparametric data) in the statistical 
package SPSS 13.0, considering p <0.05. The results were expressed as mean and standard error.

RESULTS
Data were tested for normality using the Kolmogorov - Smirnoff analysis. Analysis was used for comparison of means 

by Student's t test for paired samples (parametric data) and Wilcoxon-Mann-Whitney test (nonparametric data) in the Statistical 
Package SPSS 13.0, considering p <0.05. The results were expressed the mean and standard error.

Table 1 - Analysis of biochemical parameters of paddlers at rest and 15 minutes after the race slalom canoeing.
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After Resting Value of p*

Triglycerides (mg / dL) 75.4 ± 6.3 69.2 ± 3.2 0.04
LDL cholesterol (mg / dL) 144.1 ± 8.4 112 ± 12.7 0.03
HDL cholesterol (mg / dL) 43.1 ± 1.3 46.4 ± 2.7 0.001
Serum uric acid (mg / dL) 4.9 ± 1.7 3.71 ± 1.2 0.005
Serum creatinine (mg / dL) 0.75 + 0.19

 

1.16

 

± 0.19

 

0.04
Serum total creatine kinase (U / L) 86.4 ± 24.2

 

96.0 ± 16.9

 

0.01
Mm serum creatine kinase (U / L) 53.1 ± 19.4

 

91.4

 

± 15.1

 

0.03
Serum creatine kinase MB (U / L) 29.1 ± 13.1

 
42.9 ± 16.0

 
0.04

Relationship creatine kinase (mb / creatine)
 

38.7 ± 12.5
 

28.4 ± 9.6
 

0.02
Serum iron (mg / dL) 20.8 ± 2.3 24.3 ± 2.0 0.02
STI (%) 5.9 ± 1.2 6.9 ± 1.2 0.02
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* p <0.05 compared to the rest of the analysis by Student's t test for paired samples. IST-transferrina saturation index. 
Results are expressed as mean ± standard error.

Table 2 - Analysis of hematological parameters of paddlers at rest and 15 minutes after the race slalom canoeing.

* p <0.05 compared to the rest of the analysis by Student's t test for paired samples. IST-transferrina saturation index. 
Results are expressed as mean ± standard error.

 DISCUSSION
Because they require a force greater than that needed excessively, this may cause a strain on muscles and contractile 

systems can break structure (Siegel, Lewandrowski et al. 1995; Siegel, Shola et al. 1997, Echegaray and Rivera , 2001; Kratz, 
Lewandrowski et al. 2002; Brites, Verona et al., 2004) Thus it generates a greater infiltration of neutrophils, and consequently the 
release of cellular proteins into the circulation, for example, creatine kinases.

Thus, the increase in plasma activity of muscle enzymes such as lactate dehydrogenase (LDH), CK and fractions, can 
be a typical physiological response in the face of strenuous exercise and can usually be used as markers of muscle damage 
(France, Neto et al., 2006). The peak activity of these enzymes occurs within 12 to 24 hours, however, the focus of this study was 
to analyze the acute changes that occur over a period of 15 minutes.

The total CK enzyme activity in serum is considered an important marker of muscle damage, however, its value is 
relative isolation as a marker because it is a parameter rather indirect and unspecific. In addition, variations in the activity of CK 
differ in marking in accordance with the conditions of volume and training intensity (Bounds, Grandjean et al., 2000).

The muscle damage by exercise is characterized by decreased production of muscle strength, increased serum CK 
activity, muscle fiber disruption, inflammation, and increased activity of proteolytic enzymes. If by workload is repeated over time, 
this muscle damage is reduced and the athlete develops an adaptation in skeletal muscle, characterized by a reduction in the 
release of CK.

The statistical analysis of the activity of CK-MM showed a significant increase after 15 minutes. The release of CK-MM 
to the bloodstream is more specific muscle overload when compared to total CK (Siegel, Shola et al. 1997; Bounds, Grandjean et 
al. 2000; Kratz, Lewandrowski et al. 2002; Brites , Verona et al., 2004). The analysis of the activity of CK-MB showed a significant 
increase in activity. The increase in serum CK-MB may be due to atypical forms of CK, for example, the macro-CK, which is a 
complex consisting of CK-BB linked to immunoglobulin (IgA, IgG), whose presence in serum athletes can cause an apparent rise 
in CK-MB. The elevation of CK may be related to an adaptive microtrauma. In highly trained athletes, the adaptive microtrauma 
may be a constant response, able to accelerate the turnover of muscle fibers.

Several hypotheses have been established to explain the adaptive microtrauma, among them, one assumes the 
occurrence of a metabolic overload in which the need for ATP would become higher than its rate of production, another theory 
proposes that muscle injury can be caused by mechanical forces, such as those present in the eccentric contraction, can disrupt 
the muscle architecture, and another proposes the elevation of mediators of inflammation and oxidative stress (Siegel, Shola et 
al. 1997; Bounds, Grandjean et al. 2000; Kratz, Lewandrowski et al. 2002; Brites, Verona et al., 2004).

In this sense the literature shows that the analysis of biochemical markers of injury, inflammation and athletic 
performance should be investigated in the light of a clinical context of the athlete and their performance after competition or 
training session. A careful interpretation should be applied in order to avoid erroneous conclusions about a typical condition of 
effort, compared to a pathological condition.

Countless times of trial canoeing are characterized by an increase in the intensity of muscle contraction and speed, 
requiring a greater recruitment of type II muscle fibers, and muscle fiber type I. Thus, by strategy, if at any time there is a sprint, 
there will need to obtain energy from the fast twitch fiber by the type II. As a result, there may be a mobilization of the reserves of 
phosphocreatine to ATP regeneration, resulting in an elevation of serum creatinine.

Data from erythrogram (eritrometria, hematocrit, hemoglobin, MCV, MCH, MCHC) showed no significant difference. 
Resistance training can cause a volume expansion, which would justify a drop in hemoglobin concentration in athletes. In such 
cases, a phenomenon called reactive and transient dilutional pseudo anemia (Hansen, Bjerre-Knudsen et al. 1982; Noakes, 
1987; Brahm, Piehl-Aulin et al., 1997). The analysis of the concentration of serum iron and transferrin saturation index showed a 
significant increase after the race. The hyperactivity of the electron transport chain (rich in cytochromes), along with a variable 
degree of hemolysis, can promote a leakage of protein rich in iron.

Individuals with hemoglobin values ​​within the normal range, with progressive reduction of serum iron (less than 60 mg 
/ dL), elevated serum transferrin and reducing the percentage of transferrin saturation (below 16%), may be in the first phase a 
process anemic (Mateo and Lainez, 2000). The next phase characterized by reductions in hemoglobin, hematocrit and 
eritrometria. This suggests that even with normal levels of hemoglobin. Athletes have already analyzed a negative iron balance, 
featuring an athlete's anemia and not a part of hemodilution. This deficit may impair the transport of oxygen, triggering a loss of 
athletic performance in individuals analyzed.

The increased altitude promotes a greater release of erythropoietin, which in turn raises RBC and consequently 
hemoglobin. Samples were collected at 600 m from sea level. You can not say that this factor has directly influenced the results, 
however, may have contributed to enhance the framework hipoferremia. Thus, it is necessary to carry out new studies in which 
these results can be compared to other tests conducted at the level of the sea. Regardless it is clear the need for an adequate 
nutritional prescription for trained professionals to meet the increased needs of the population analyzed.

CONCLUSION
The completion of this study, the test event promoted an increase in the activity of enzyme markers of muscle damage 

after 15 minutes and can be applied with good reliability. The increase suggests a microtrauma found silent originating from a 
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After Resting Stress Value of p*

White blood cell count (cells / uL) 6,100 ± 221.0 11,600 ± 605.0 <0.01
Monocytes (uL) 293.3 ± 58.1 456.2 ± 46.8 0.04
Lymphocytes (%) 30.8 ± 1.9

 

23.2 ± 2.1

 

<0.01

 

Lymphocytes (uL) 2101.2 ± 144.0

 

2922.0 ± 320.0

 

0.03

 

Eosinophils (%) 1.9 ± 0.5

 

0.92 ± 0.2

 

0.02

 

Segmented neutrophils (%) 59.3 ± 3.4

 

63.9 ± 2.1

 

0.01

 

Segmented neutrophils (uL) 3198.3 ± 134

 

7065.2 ± 452

 

< 0.01

 

Rod neutrophil (%) 5.4 ± 0.5

 
14.3 ± 1.3

 
< 0.01

 

Rod neutrophil (uL) 452.1 ± 121.,0
 

1876.0 ± 198.2
 

< 0.01
 

Platelets (uL) 242.1 ± 12.2
 

287.1 ± 13.1
 

0.04
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variable degree of disruption of muscle fibers.
Furthermore, despite normal hemoglobin, the athletes indicates hipoferremia presented by the installation of an 

anemic process that can evolve to a decrease inerythrocytic values ​​with subsequent loss of income resulting from an athletic 
muscle oxygenation unsatisfactory.

However, the results shown here should be looked at in a clinical setting and never as figures and as reference values.
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BIOCHEMICAL ANALYSIS OF VARIABLES IN A PROOF OF CANOEING 
ABSTRACT
Objective: The objective of this study was to analyze biochemical markers of athletic performance in the light of a 

clinical context and athletic. Methods: We collected peripheral blood samples (8 mL) of 15 paddlers at rest and 15 minutes after a 
race official. Then, there were blood count, analysis of biochemical markers, muscle damage and lipid profile. Results: Statistical 
analysis of results showed a significant increase (p <0.05) in serum activities of CK, CK-MM, CK-MB and LDH, the serum 
creatinine concentration and serum iron. On the other hand, triglycerides, VLDL and serum uric acid showed a significant 
decrease. Conclusion: This study shows that athletes have analyzed changes in the biochemical parameters of blood after an 
official proof of this type, which demonstrates the importance of laboratory tests as diagnostic biochemical disturbances silent.

Keyword: Injuries. Canoeing. Chemical analysis of blood.

RÉSUMÉ
Objectif: L'objectif de cette étude était d'analyser les marqueurs biochimiques de la performance sportive à la lumière 

d'un contexte clinique et sportive. Méthodes: Nous avons recueilli des échantillons de sang périphérique (8 ml) de 15 pagayeurs, 
au repos et 15 minutes après un officiel de course. Puis, il y avait numération formule sanguine, analyse des marqueurs 
biochimiques, des lésions musculaires et le profil lipidique. Résultats: L'analyse statistique des résultats a montré une 
augmentationsignificative (p <0,05) dans les activités sériques de CK, CK-MM, CK-MB et la LDH,la concentration de créatinine 
sérique et du fer sérique. D'autre part, des triglycérides, des VLDL et l'acide urique sérique ont montré une 
diminutionsignificative. Conclusion: Cette étude montre que les athlètes ont analysé les changements dans les paramètres 
biochimiques de sang après une preuve officiellede ce type, ce qui démontre l'importance des tests de laboratoire comme 
undiagnostic biochimique des troubles silencieux.

MOT-CLÉ: Blessures. Canoë-kayak. L'analyse chimique du sang.

RESUMEN
Objetivo: El objetivo de este estudio fue analizar los marcadores bioquímicos del rendimiento deportivo a la luz de un 

contexto clínico y deportivo. Material y métodos: Se recogieron muestras de sangre periférica (8 ml), de 15 remeros en reposo y 
15 minutos después de que un oficial de la carrera. Entonces, había hemograma, análisis de marcadores bioquímicos, daño 
muscular y el perfil lipídico. Resultados: El análisis estadístico de los resultados mostraron un aumento significativo (p <0,05) en 
la actividad sérica de CK y CK-MM, CK-MB y LDH, la concentración de creatinina sérica y el hierro sérico. Por otro lado, los 
triglicéridos, VLDL y del ácido úrico en suero mostró una disminución significativa. Conclusión: Este estudio de muestra que los 
atletas han analizado los cambios en los parámetros bioquímicos de sangre después de una prueba oficial de este tipo, lo que 
demuestra la importancia de las pruebas de laboratorio como un diagnóstico de alteraciones bioquímicas en silencio.

PALABRA CLAVE: Lesiones. Canoa. Análisis químico de la sangre.

ANÁLISES DE VARIÁVEIS BIOQUÍMICAS EM UMA PROVA DE CANOAGEM
RESUMO
Objetivo: O objetivo do presente estudo foi analisar marcadores bioquímicos de desempenho atlético, à luz de um 

contexto clínico e atlético. Métodos: Foram coletadas amostras de sangue periférico (8 mL) de 15 canoístas em repouso e 15 
minutos após uma prova oficial. Em seguida, realizaram-se hemograma, análise de marcadores bioquímicos, lesão muscular e 
lipidograma. Resultados: A análise estatística dos resultados mostrou um aumento significativo (p < 0,05) na atividade sérica 
das enzimas CK, CK-MM, CK-MB e LDH; na concentração sérica de creatinina e ferro sérico. Por outro lado, triglicérides, VLDL e 
ácido úrico sérico apresentaram um decréscimo significativo. Conclusão: O presente estudo mostra que os atletas analisados 
apresentam alterações nos parâmetros bioquímicos de sangue após uma prova oficial dessa modalidade, o que demonstra a 
importância da realização de exames laboratoriais como forma de diagnóstico de distúrbios bioquímicos silenciosos.

PALAVRA-CHAVE: Lesões. Canoagem. Análise química do sangue. 
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