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ABSTRACT

Introduction: Blood biomarkers are measurable metabolic products that allow objective monitoring of the
training process, and their analysis provides an opportunity to improve athletic performance. Objective: To
evaluate blood lactate concentrations in a group of the Valle League weightlifting athletes as a tool to deter-
mine the effects of training and its direct relationship to performance during competition. Methods: This is an
observational cross-sectional study. Lactate levels of 32 weightlifting athletes belonging to the Valle Weightlifting
League were evaluated. Blood samples were taken from the ear lobe to quantify the lactate concentration,
using a Scout Lactate analyzer. Samples were taken before and after a high intensity training section consisting
of four maximum repetition (MR) sports gestures, in which 5 series and 15 repetitions were performed for each
sports gesture, with a rest period of 40 seconds between each exercise. The software program SPSS, version
25, was used to determine the lactate concentrations. Results: An average lactate concentration 22.46 mg/dL
was obtained for the athletes at rest, and an average of 98.30 mg/dL in the final lactate concentration, after
high intensity exercise. Significant differences were found between the initial and final lactate concentrations.
Conclusion: Lactate concentration increases with physical activity; it varies from one individual to another; and
it can be used as a biomarker of intensity of physical activity in the field of sports. Level of evidence; Il type of
study: Prognostic Studies Investigating the Effect of a Patient Characteristic on a disease outcome.

Keywords: [-lactate dehydrogenase; Basal metabolism; Carbohydrate metabolism; Sports medicine; Muscle
strength; Muscle fatigue.

RESUMO

Introdugdo: Os biomarcadores sanguineos sdo produtos metabdlicos mensurdveis que permitem a monitoriza¢Go
objetiva do processo de treino, e sua andlise é uma oportunidade para melhorar o desempenho atlético. Objetivos:
Avaliar as concentra¢des de lactato no sangue de um grupo de atletas de halterofilismo da Liga Valle como ferramenta
para determinar os efeitos do treino e sua relacdo direta com o desempenho durante a competicdo. Métodos: Este é um
estudo transversal e observacional. Foram avaliados os niveis de lactato em 32 atletas da Liga de Halterofilismo Valle.
A amostra de sangue foi retirada do Idbulo da orelha com o intuito de quantificar a concentragdo de lactato com o
analisador Scout Lactate. As amostras foram colhidas antes e depois de uma se¢éo de treino de alta intensidade, que
consistiu em quatro gestos esportivos de repeticdo mdxima (RM), nos quais foram realizadas 5 séries e 15 repeticées
para cada gesto esportivo, com um periodo de repouso de 40 segundos entre cada exercicio. O software SPSS, versdo
25 foi usado para determinar as concentragoes de lactato. Resultados: A concentracdo média de lactato nos atletas
em repouso foi 22,46 mg/dl e a concentracdo média final foi de 98,30 mg/dl depois de exercicio de alta intensidade.
Foram encontradas diferen¢as significativas ao comparar a concentragdo inicial com a concentragéo final de lactato.
Conclusées: A concentragdo de lactato aumenta com a realiza¢éo da atividade fisica, é varidvel de um individuo para
outro e pode ser usada como biomarcador de intensidade da atividade fisica na drea dos esportes. Nivel de Evidéncia
II; Estudos prognésticos - Investigacdo do efeito de caracteristica de um paciente sobre o desfecho da doenca.

Descritores: [-lactato desidrogenase; Metabolismo basal; Metabolismo dos carboidratos; Medicina esportiva; For¢a
muscular; Fadiga muscular.

RESUMEN

Introduccién: Los biomarcadores sanguineos son productos metabélicos mensurables que permiten la monitorizacion
objetiva del proceso de entrenamiento, y su andlisis es una oportunidad para mejorar el desemperio atlético. Objetivos:
Evaluar las concentraciones de lactato en la sangre de un grupo de atletas de halterofilia de la Liga Valle como herramienta
para determinar los efectos del entrenamiento y su relacion directa con el desemperio durante la competicién. Métodos:
Estees un estudio transversal y observacional. Fueron evaluados los niveles de lactato en 32 atletas de la Liga de Halterofilia
Valle. La muestra de sangre fue retirada del I6bulo de la oreja con el objetivo de cuantificar la concentracion de lactato con
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el analizador Scout Lactate. Las muestras fueron tomadas antes y después de una seccion de entrenamiento de alta inten-
sidad, que consistié en cuatro gestos deportivos de repeticion mdxima (RM), en los que se realizaron 5 series y 15 repeticiones
para cada gesto deportivo, con un periodo de descanso de 40 sequndos entre cada ejercicio. El software SPSS versidn 25 fue
usado para determinar las concentraciones de lactato. Resultados: La concentracion promedio de lactato en los atletas en
reposo fue 22,46 mg/dly la concentracién promedio final fue de 98,30 mg/dl después del ejercicio de alta intensidad. Fueron
encontradas diferencias significativas al comparar la concentracién inicial con la concentracion final de lactato. Conclusiones:
La concentracion de lactato aumenta con la realizacién de actividad fisica, es variable de un individuo para otro, y puede
ser usada como biomarcador de intensidad de la actividad fisica en el drea de los deportes. Nivel de evidencia Il; Estudios
prondsticos - Investigacion del efecto de caracteristica de un paciente sobre el resultado de la enfermedad

Descriptores: [-lactato deshidrogenasa; Metabolismo basal; Metabolismo de los hidratos de carbono; Medicina

deportiva; Fuerza muscular; Fatiga muscular.
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INTRODUCTION

Time ago, it was thought that lactate was a waste product, produced
during lactic fermentation; nowadays, this concept has been completely
replaced, considering lactate as an intermediate product that provides
multiple benefits, among them, the facilitation of long-term memory
consolidation'?. This metabolite is constantly produced in the body under
resting conditions and reaches the maximum or subsequent thresholds
of a training day, thus, the concentration of lactate in the blood is one
of the factors that determine and trigger its re-synthesis process and
removal as a fundamental part of metabolism.

Lactate threshold (LT) is defined as the point at which blood lactate
begins to accumulate above resting levels during an exercise of increa-
sing intensity?; associated with it, this increase is a determining factor
in the performance of an athlete, as the intensity and speed of work
execution is increased above 1.4 m /s, blood levels increase rapidly until
reaching the threshold. The constant training in these threshold levels
allows to acquire physiological adaptations that lead to the recruitment
of new muscle fibers in order to fully comply the physical exercise that
has been planned3#,

On the other hand, the development of a planned, structured and
repeated training® produces a constant muscular contraction that ge-
nerates an energy expenditure above the resting metabolic level*.
This energy expenditure generates variation in the concentration of blood
biomarkers, depending on the intensity, duration and frequency which
the training is performed with, this integrated response to exercise is what
allows an adaptation of the different systems that are activated during a
sustained period, and at an appropriate intensity and frequency for the
proper maintenance of organic functions, each person who practices
sports requires an appropriate dosage, so that the exercise is carried out
atintensities for generating positive changes.

During sports training, measuring the levels of biomarkers of phy-
sical effort, including lactate, can determine the dose of workload or
the appropriate intensity for each individual to avoid injuries and over-
training, hence the objective of this study was to assess blood lactate
concentrations in a group of Valle League weightlifting athletes as a
tool to determine the effects of training and its direct relationship with
performance during the competition.

MATERIALS AND METHODS
Type of study

A cross-sectional descriptive observational study in which blood lac-
tate concentrations were evaluated in a group of Valle League weightlif-
ting athletes as a tool to determine the effects of training and its direct
relationship with performance during the competition.
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Population

The study was conducted with 32 weightlifting athletes assigned
to the Valle League weightlifting, with an average age of 20 years and
a range between 18 and 25 years. The participants were selected for
convenience and as an inclusion criterion it was established that they
had not had muscle or bone injuries at the time of participating in this
study, having a rest period of four (4) days prior to the first sampling at
rest and finally that they were attached to the Valle League weightlifting.

Participants accepted to participate in this study, by reading and
signing an informed consent explaining the objectives, the method of
sampling and the risks of the investigation.

The Institutional Committee of Human Ethics of the National School
of Sports University Institution (IUEND), governed by resolution 008430
of October 4, 1993 of the Ministry of Health of Colombia, which establi-
shes the scientific, technical and administrative standards for the health
research, approved the completion of this project, leaving it established
in the Approval Act No. 4.1.01.03.17 October 3rd 2017.

Training protocol

The training was carried out in the Valle League weightlifting, this
scenario has enough and necessary implements to fully develop the
training protocol established by the coach.

A high-intensity training section was performed, the objective was
the development of the technique and it was done through four sports
gestures, performed at 80% of the maximum repetition (RM) of each
athlete; 5 sets and 15 repetitions were performed for each sports gesture,
with a period of 40 seconds of rest between each exercise.

Thefirst sporting gesture was the POWER CLEAN, a power exercise which
consists of a fast lifting of the bar from the floor to the front of the shoulders,
with a squat position. The second sporting gesture was the POWER SNATCH,
consisting of the bar lifting from the floor to the hips, taking impulse for
carrying the bar quickly above the head and finishing the position with
straight back, with extended arms without flexing elbows, aligning the bar
with the body position. The third one was the SNATCH, this power exercise,
which consists in the rapid execution of the sports gesture that leads to the
lifting of the bar above the head in a single movement, taking momentum
with the hip through a quick squat and ending in straight back position,
arms extended without flexing the elbows, aligning the bar with the body.

Finally, the SQUATS, consists of performing squats while holding
the bar above the head with the arms extended, this exercise should be
performed with the back straight and with the feet shoulder-width apart.

Sampling
The initial sample was taken thirty (30) minutes after the athlete
arrived at the training center and the final sample was taken at the
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end of the high intensity training section, corresponding to the one
implemented by the coach.

The initial and final sampling was carried out in triplicate in
order to obtain an appropriate measurement, said sampling was
performed by specialized health personnel and certified for that
purpose, using the same sample collection methodology before
and after performed physical activity.

The biological material was collected by punizing the earlobe through
a puncture with a sterile lancet (Accu-Chek®, Softclix Pro, Germany),
letting the blood flow without pressing in order to avoid hemolysis,
then the blood sample was placed on a commercial lactometer band
(Lactate Scout Reactive Strips from the Biolaster supplier), finally the
strap with the sample was introduced into the analyzer or lactate meter
(Biolaster supplier's Lactate Scout) which performed the sample reading
and quantified the athlete’s blood lactate level. This sampling was car-
ried out following the norms of asepsis and antisepsis, in addition to
following all the international biosafety protocols, and complying with
the norms for scientific research with human beings in force at national
and international level.

Statistical analysis

The results will be analyzed using SAS software version 9.3 for Linux
with the GLM procedure. Using the software, a descriptive analysis was
performed, obtaining the measures of central tendency and an analysis
of variances was performed.

RESULTS

Blood lactate levels for an athlete may vary according to the intensity
which the exercises are performed, (Table 1) shows the results of the
measurement of blood lactate concentrations in 32 athletes, students
(14 women and 18 men) attached to the Valle League weightlifting.

According to the results of the levels of the lactate measurements
between men and women, it can be observed that the measurements
of the resting lactate concentration or initial state for women have
an average of 23.06 mg/dl, with a value 15.31 minimum mg/dl and a
maximum value of 29.13 mg/dl, and the measurements after the high-
-intensity exercise section or final state an average of 100.52 mg/dl is
observed, between a minimum value of 26.30 mg/dl and a maximum
value of 138.72 mg/dl.

For men, the average concentration value in the initial state (rest)
was 21.99 mg/dl with a minimum value of 16.21 mg/dl and a maxi-
mum value of 28.9 mg/dl, while the amounts of Post-practice lactate
(final state) it was obtained an average value of 96.58 mg/d|, between
a minimum value of 27.60 mg/dl and a maximum of 145.93 mg/d|
(Table 2). In Figure 1, the average and standard deviation of measure-
ments of lactate quantities between women and men can be observed.

Comparing the variations between the lactate concentrations taking
as a reference the gender and without taking into account the initial
or final state of the lactate concentration, there were no statistically
significant differences between the male and female participants with
ap=0.7038. (Table 3)

Observing the variations between the initial state of the lactate con-
centration and its final state measurements and regardless of gender, in
the results of the measurement of the lactate concentration statistically
significant changes were presented with p = 0.0001 after of intense
physical activity. (Table 3)

In Figure 2, it can be observed that the lactate concentration beha-
vior in men and women on average does not present a big difference
between the states, although it can be observed that between the
values of the final state of the concentration there is variation internally
between the groups of men and women.
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Table 1. Concentration of lactate levels in the studied population.

[initial Lactate] [final Lactate]
Athlete (code) Gender (mg/dl) (mg/dl)
1 Male 179 340
2 Female 205 90.5
3 Female 216 263
4 Male 20.6 276
5 Masculino 226 45.1
6 Female 24.5 86.0
7 Male 16.21 12881
8 Female 1892 12251
9 F female 2522 293
10 Male 17.12 75.67
11 Male 289 108.5
12 Male 26.12 110.8
13 Female 29.3 11891
14 Male 27.2 56.75
15 Male 1892 88.98
16 Female 19.82 101.8
17 Male 245 90.2
18 Female 252 137.1
19 Female 29.73 117
20 Male 24.34 1259
21 Male 18.02 120.71
22 Male 22,67 121.54
23 Female 2522 86.03
24 Female 24.32 103.59
25 Male 20.72 102.69
26 Female 15.31 136.2
27 Male 22.52 145.03
28 Male 2792 14593
29 Male 2342 13512
30 Female 17.12 138.72
31 Male 16.21 7513
32 Female 26.14 11863

Table 2. Lactate concentration description.

Gender | state | n | media Standard | Minimun value |Maximun value
deviation [mg/dI] [mg/dI]
Final 14 | 100.52 35.58 26.30 138.72
Female —
Initial | 14 | 23.06 432 15.31 29.73
Val Final 18 | 96.58 37.31 27.60 14593
ale
Initial | 18 | 21.99 4.04 16.21 28.90
150
125
100
3
=
&
— 75
50
25
Final female Initial female Final male Initial male
Genero *estado
Figure 1. Standard deviation and media of lactate measures.
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Table 3. Variance of lactate concentration.

Origen
Gender
State
Gender*state

Anova - Type Ill SS
98.83164
91024.25750
3241486

Middle square | F - Value P
98.83164 0.15 0.7038
91024.25750 | 13439 | <.0001
3241486 0.05 0.8276

150

125

100

75

Lactate concentration

50

25

Female Male

Sex

State: Final Initial

Figure 2. Interaction of state lactate concentration between the gender.

DISCUSION

The research objective was to evaluate blood lactate concentrations
in a group of university athletes at rest and after of high intensity training,
as a tool to determine the effects of training and its direct relationship
with Performance during the competition.

When people or athletes undergo a set of high intensity exercises,
their metabolism faces a series of changes that generate muscle fatigue,
which is related to the production of lactic acid, a strong acid, which
quickly transforms into a molecule of negatively charged lactate and
a hydrogen cation®.

In the results it can be observed that blood lactate levels among the
participants are variable, although no statistically significant differences
were found between men and women, the body's muscles always pro-
duce lactate, but their concentration is increasing in parallel with the
intensity of exercise, the metabolism of each individual and the genetic
characteristics as well®®,

Also in the results it is observed, the variation between the initial and
final lactate levels of the participants, this may be caused by some of the
participating individuals having more sports life, this implies a longer
time in the practice of these exercises, so they have a higher production
of lactate, and also a greater assimilation and removal; our results were
similar to those obtained in other investigations where lactate levels
were evaluated to determine the intensity of the effort in competition

and concluded that blood lactate concentration is sensitive to chan-
ges in exercise intensity and duration®''. It has also been reported
that the measurement of lactate levels in swimming athletes and in
other disciplines with high performance athletes, the measurement of
lactate levels are determinants to control the specific performance of
the athletes and are the basis for the evaluation of the training in each
of the working rhythms, since it is the best metabolic indicator of the
effort that allows to dose the training load'",

Lactate levels can increase exponentially until reaching what is
called the lactate threshold, which occurs at a blood concentration of
4.0 mmol/L8, fatigue appears quickly if it is above the lactate threshold
limit; however, performing much of the training at the limit of the lac-
tate threshold or above may result in overtraining, which is why the
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measurement of blood lactate levels is used to determine the correct
intensity of exercise and the time required for recovery'. In most athletes
and people who practice sports, there is a belief that lactate is a product
of metabolic waste and that causes muscle fatigue; however, it has been
reported in other research that lactate is not an enemy of sports perfor-
mance, that it is not a waste product but a source of carbohydrates that
competes with glucose, and the glucose found in the blood is reserved
for the use of other tissues for later use in Long-term and more intense
tests', so it is suggested that most of the lactate taken by the muscles is
transformed by the oxidative route's; in that way, lactate is an important
gluconeogenic precursor, both at low and moderate intensities, and is
possibly, the most important substrate of gluconeogenesis'’'°. Other
studies have shown that, far from causing muscle fatigue in exercise,
lactate production prevents fatigue, counteracting the depolarization
effects produced by the release of potassium ions into the extracellular
space, which allows ions of calcium released from the endoplasmic
reticulum and finally the contraction of muscle fiber is triggered?®.

Lactate is an intermediate in the metabolism of glucose in skeletal
and cardiac muscle, erythrocytes and other tissues, its accumulation
depends on the energy demand of the muscle, the contribution and
the oxidative capacity of this tissue, therefore, its removal o accumula-
tion plays an important role in general physical activity, given that the
higher the concentration of lactate or its production rate, the greater
the intensity of the work performed. Taking into account that the stages
of preparing athletes for the competitions involve weekly training and
recovery cycles, understanding the behavior of blood biomarkers such
as lactate would help better training planning to achieve a physiological
adaptation of improvement without reaching the envelope.

Lactate as a biomarker of physics in weightlifting athletes, is also a
fundamental tool in determining the fulfillment or not of the objectives
of the training, which is carried out by monitoring the levels of lactate
in the blood; for this particular study the objective of training was the
development of the technique. Different studies on the glial cells of
the hippocampus, have led to evidence that the transport of lactate
astrocycito-neuron, develops a critical role in the formation of long-term
memory?23, This feature is associated with variations in lactate levels and
the development of long-term neuroplasticity and memory formation,
this will allow the athlete to optimize their training processes, increasing
cognitive adaptations in athletes who allow an adequate appropriation
of the technique at the time of the execution of the sports gesture, thus
contributing to increase efficiency and performance in competition
while reducing the risk of injury.

Based on our results, it is possible to conclude that the deter-
mination of blood lactate levels is a valuable tool that allows to
determine the effects of training, in the organism of the athlete,
since it allows to know the changes and metabolic adaptations that
arise inside of said organism, all this in order to establish a direct
relationship with sports performance during the different stages of
the training macrocycle.

In addition, it allows the implementation of personalized training
programs in order to maximize the innate characteristics of each athlete,
in order to generate as many cognitive adaptations as possible that allow
an adequate appropriation of the technique in the long term, increasing
efficiency, performance and reducing the risk and appearance of injuries.

Finally, it is possible to conclude that the lactate concentration
increases with the completion of the period of physical activity. It is
variable in each individual and can be used as a measurable biological
marker, with it, the change of a condition or process can be objectively
monitored during a period of time determining the dosage of load
or intensity of work.
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