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ABSTRACT
Introduction: Resistance exercise, particularly strength training, has been progressively gaining more and 

more followers worldwide. Despite a considerable increase in the amount of research and literature available 
on this topic, resistance training is undergoing important developments. Anaerobic metabolism, which charac-
terizes resistance training, enhances the ischemic process and blood reperfusion, thereby generating reactive 
oxygen species (ROS). The imbalance between the production of free radicals and antioxidant defenses may 
induce oxidative stress with subsequent protein oxidation, lipid peroxidation, DNA damage in several cells, 
and other effects. This process may be intensified at rest because the O2 deficit is counteracted by a process 
known as excess post-exercise oxygen consumption. Objective: To analyze the effects of ROS in strength trai-
ning on the DNA of human lymphocyte, biomarkers of lipid damage (TBARS) and metabolism (triglycerides, 
protein, glycose, albumin and urea). Methods: Comet assay involving a count of 100 cells, which were divided 
into five classes of damage (no damage = 0, maximum damage = 4), thereby constituting an indication of 
DNA damage, and the micronucleus test, where the cell samples were centrifuged at 1000-1500 RPM for ten 
minutes at room temperature for the micronuclei analysis. Results: An elevation in triglyceride concentrations 
was observed 5h post-exercise (p=0.018), probably due to nutrition. There were no significant differences in the 
other biochemical parameters. In terms of the DNA damage measured by the Comet assay and micronucleus 
test, no statistical differences were observed until 5h post-exercise. Conclusion: The proposed training session 
did not cause oxidative or genotoxic damage in trained individuals under the proposed conditions. Level of 
Evidence II; Prognostic studies-Investigation of the effect of patient characteristics on the disease outcome.
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RESUMO
Introdução: O treinamento resistido, principalmente a musculação, vem progressivamente ganhando novos adeptos 

em todo o mundo. Apesar de haver um significativo aumento no número de pesquisas e na literatura disponível sobre o 
assunto, o treinamento resistido vem passando por um importante processo de evolução. O metabolismo anaeróbico, que 
caracteriza o treinamento resistido, acentua o processo de isquemia e a reperfusão sanguínea, gerando espécies reativas 
do oxigênio (ERO). O desequilíbrio entre a produção de radicais livres e as defesas antioxidantes pode desencadear estresse 
oxidativo e levar, entre outros, à oxidação de proteínas e à peroxidação de lipídios, além de danos no DNA de diversas 
células. Isso pode ser amplificado durante o repouso, pois o déficit de O2 é reposto por um processo denominado excesso 
de oxigênio consumido após exercícios. Objetivo: Analisar os efeitos de ERO em um treinamento de musculação sobre 
o DNA de linfócitos humanos, de biomarcadores de dano lipídico (TBARS) e de metabolismo (triglicerídeos, proteínas, 
glicose, albumina e ureia). Métodos: Teste Cometa mediante contagem de 100 células, as quais foram classificadas em 
cinco classes de dano (sem dano = 0, dano máximo = 4), constituindo, dessa maneira, um índice de dano no DNA e o teste 
de micronúcleo, no qual as amostras das células foram centrifugadas a 1000-1500 RPM por dez minutos em temperatura 
ambiente para a análise de micronúcleos. Resultados: Constatou-se elevação das concentrações de triglicerídeos após 5 
horas do treinamento (p = 0,018), relacionada, provavelmente, à alimentação. Os demais parâmetros bioquímicos não 
mostraram diferenças significantes. Com relação ao dano provocado no DNA medido pelos testes Cometa e de micronú-
cleo, não se constatou diferença estatística até 5 horas após o treinamento. Conclusão: A sessão de treinamento proposto 
não provocou danos oxidativos nem genotóxicos em indivíduos treinados, nas condições propostas. Nível de Evidência 
II; Estudos prognósticos – Investigação do efeito de característica de um paciente sobre o desfecho da doença.

Descritores: Musculação; Dano ao DNA; Genotoxicidade; Ensaio Cometa. 

RESUMEN
Introducción: El entrenamiento de resistencia, especialmente la musculación viene ganando progresivamente 

nuevos adeptos en todo el mundo. A pesar de haber un aumento significativo en el número de investigaciones y en 
la literatura sobre el tema, el entrenamiento de resistencia viene pasando por un importante proceso de evolución. 
El metabolismo anaeróbico, que caracteriza el entrenamiento de resistencia, acentúa el proceso de isquemia y la 
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INTRODUCTION
Resistance training may promote the depletion of nutrients and antio-

xidants that may predispose to injury, to oxidative stress, and impair athletic 
performance by interfering with energy metabolism. The increase of oxygen 
consumption as well as the activation of specific metabolic pathways during 
or after exercise results in the formation of Relative Oxygen Species (ROE).1

The sources of ROE during physical exercise can be activated by the 
phenomenon of ischemia reperfusion, but can also be induced during 
periods of rest, especially after performing resistance exercises, in which 
an O2 deficit is observed.2,3 

In this type of exercise, ischemia and reperfusion represent a poten-
tial source of free radicals. This process also occurs in sports activities of 
predominantly anaerobic metabolism, in isometric muscle contractions 
and in high-intensity and short-duration activities.4

The blood reperfusion process simultaneously generates other free 
radicals, such as hydroxyl radical and nitric oxide, which react with each 
other to form peroxynitrite, a powerful oxidant that decompose into other 
ROEs, which may react with tyrosine residues to form nitrotyrosine and 
promote lipid peroxidation and oxidation of proteins, causing damage 
to the nucleic acid structure (DNA).5,4

Resistance training is an integral part of the prescription of physical 
exercises targeted at improving health. Attention was drawn to this training 
in a special way when the American College of Sports Medicine (ACSM) 
recognized the benefits of this type of training. However, very few studies 
have investigated the frequency of DNA damage in blood cells so far.5,6  

Bodybuilding is very widespread in the world. For this reason, the 
purpose of this study was to analyze the degree of lipid and human 
lymphocyte DNA damage caused by this type of exercise, by analyzing 
comet and micronuclei tests.

METHOD
Study design

This is a cross-sectional analytical clinical trial with 15 individuals 
between 18 and 35 years of age, undergoing a resistance training session. 

Study sample
The participants were all Caucasian males with a mean age of 23.07 

± 3.85 years; weight (kg) of 75.74 ± 7.32; height (cm) 174.2 ± 5.0; BMI 
24.39 kg/cm2 ± 2.17, fat percentage of 11.87% ± 5.28. 

reperfusión sanguínea, generando especies reactivas de oxígeno (ERO). El desequilibrio entre la producción de radicales 
libres y las defensas antioxidantes puede desencadenar el estrés oxidativo y llevar, entre otros, a la oxidación de pro-
teínas y peroxidación de lípidos, además de daño en el ADN de diferentes células. Eso puede ser amplificado durante 
el reposo, para el déficit de O2 es restablecido por un proceso denominado exceso de oxígeno consumido después 
de ejercicios. Objetivo: Analizar los efectos de ERO en un entrenamiento de musculación sobre el ADN de linfocitos 
humanos, de biomarcadores de daño lipídico (TBARS) y de metabolismo (triglicéridos, proteínas, glucosa, albúmina 
y urea). Métodos: Prueba Cometa a través de un recuento de 100 células, las cuales se clasificaron en cinco 
clases de daño (sin daño = 0, daño máximo = 4), constituyendo así un índice de daño en el ADN y la prueba de 
micronúcleo, en el cual las muestras de las células fueron centrifugadas a 1000-1500 RPM por diez minutos a 
temperatura ambiente para el análisis de micronúcleos. Resultados: Se constató elevación de las concentraciones 
de triglicéridos después de 5 horas del entrenamiento (p = 0,018), probablemente relacionada con la alimentación. 
Los demás parámetros bioquímicos no mostraron diferencias significativas. Con respecto al daño provocado en el 
ADN medido por las pruebas Cometa y de micronúcleos, no se constató diferencia estadística hasta 5 horas después 
del entrenamiento. Conclusión: La sesión de entrenamiento propuesto no provocó daño oxidativo ni genotóxico en 
individuos entrenados, en las condiciones propuestas. Nivel de evidencia II; Estudios pronósticos - Investigación 
del efecto de característica de un paciente sobre el desenlace de la enfermedad. 

Descriptores: Entrenamiento de Resistencia; Daño del ADN; Genotoxicidad; Ensayo cometa. 
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All individuals included in the study were bodybuilders, with at least 
two years of regular and systematized practice for at least three times a 
week, non-smokers, non-users of drugs or alcoholic beverages. 

Experimental protocol
Prior to the training session, the participants were instructed not 

to eat foods with antioxidant ingredients such as: fruits and fruit juices 
in general, chimarrão (traditional drink from Rio Grande do Sul made 
from a herb containing antioxidant properties), vegetables, as well as 
any type of supplementation containing antioxidants, that is, all of them 
were given a list of foods with antioxidant potentials that should not 
be consumed in the 24 hours preceding the evaluations, through the 
application of a Food Diary. 

Then, the individuals completed a resistance training session in which 
the thorax agonist/antagonist system was divided into three series of 
each exercise with the appropriate weights for 10 repetitions in each 
one. A 60-second recovery interval was established between the sets, 
totaling a training volume of three exercises for the back and three for 
the chest with three sets each, alternating the exercises of back and 
chest, totaling 18 sets.

Blood samples were taken shortly after the end of the training session, 
five hours after the training and at rest. Five ml of venous blood were 
collected aseptically from the volunteers’ antecubital fossa. The blood 
samples were stored in a test tube with specific anticoagulants for each 
biochemical analysis to evaluate DNA damage, markers of metabolism 
and oxidative stress. 

Biochemical variables
The comet test was performed by counting 100 cells, which were clas-

sified into five classes of damage (no damage = 0, maximum damage = 4), 
thus forming a DNA ID, as described by Singh NP, McCoy MT, Tice RR 
and Schneider EL.7 

In the micronucleus test, cell samples were centrifuged at 1000-1500 
RPM for ten minutes at room temperature for micronucleus analysis, as 
described by Schmidt and Sturbelle.8,9 

For evaluation of lipid peroxidation, the formation of thiobarbituric 
acid reactive species (TBARS) was measured by means of a heated acid 
reaction, as described by Esterbauer and Cheesman.10

Biochemical analysis for metabolic markers consists in the determina-
tion of triglycerides (Trinder method - Labtest), Glucose (glucose-oxidase 
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method - Labtest), Urea (urease method — Labtest), total proteins 
(Biureto method - Labtest) according to the manufacturer’s execution 
protocol. After the technical execution, analyte concentrations were de-
termined in a Biosystems BTS 350 semiautomatic biochemical analyzer 
(Biosystems, Barcelona/Spain).

Ethical aspects
The study was developed according to declarations and guidelines 

on research involving human beings: Nuremberg Code, Declaration of 
Helsinki and Resolution No. 196 of October 10, 1996 of the Brazilian 
National Health Council, and was approved and regulated by the Ethics 
Committee of the executing institution under Opinion No. 201/2012. 
The participants signed an Informed Consent Form.

Statistical analysis
The results are presented in measures of central tendency and mea-

sures of dispersion (deviation and standard deviation). The assumptions 
of normality (Shapiro-Wilk test) and homoscedastic (Levene test) were 
verified. Confirming the assumptions, analysis of variance (ONE WAY 
ANOVA) was applied and followed by Tukey’s post hoc test to evaluate 
abnormalities induced by training in the dependent variables.

RESULTS
The analysis of results does not reveal significant abnormalities 

related to DNA damage or the remaining biochemical markers analyzed.
Table 1 shows the biochemical parameters, Table 2 presents TBARS 

results and Table 3 shows the degree of damage and DNA damage 
index of the individuals tested at rest, post-training and 5 hours after 
the training session.

DISCUSSION
The biochemical parameters of the metabolism analyzed showed 

that the protein did not change significantly, although it presented a 
small post-training increase. Protein synthesis is decreased during the 
exercise itself, but after exercise, there is a compensatory phenomenon, 
in which protein turnover appears to be stimulated. Acute resistance 
training can increase the volume of protein in the muscles for up to 48 
hours after completion of exercise. 11-14 

The analysis of protein metabolism and proteolysis measured by the 
concentration of total proteins, albumin and urea showed no significant 
variations. The study shows a small reduction of post-training urea and a 
slightly greater reduction five hours after the training session, suggesting 
that exercise had an inhibitory effect on proteolysis, lower muscle protein 
depletion, as the concentration of nitrogen residues in the plasma is indica-
tive of muscle protein degradation. The result found is consistent with those 
of the study by Pacobahyba et al.,15 of Uchida et al.16 and Carvalho et al.17

Glucose concentration analysis showed no statistically significant 
difference between the samples. The small reduction presented may be 
related to its use during exercise in the post-training recovery period.18-20

Triglycerides showed a statistically significant increase between the de-
termination performed at rest and that performed 5 hours after the training 
session. Such increase is related to a limitation of this study: the fact that the 
experimental protocol was performed in the morning, and the athletes had 
their lunch between the post-training collection and the collection 5 hours 
later. These results corroborate the fact that the post-training value analyzed 
does not present any difference compared to the pre-training value.21,22

The TBARS measurement of the analyzed sample shows a 57% in-
crease in lipid damage after 5 hours compared to the damage observed 
at rest. However, the statistical analysis of the results does not show any 
significant difference due to the participants’ individual response, whi-
ch could suggest that the proposed experimental protocol may have 
caused lipid damage at different intensities in the individuals, based on 
the antioxidant status of each participant.23-26

Analysis of genotoxicity measured by the comet test shows more 
than 86% of grade zero damage, indicating that the vast majority of 
the cells analyzed by the test is preserved, that is, without any DNA 
damage. Analysis of grade 1, 2 and 3 damage as well as ID, as measured 
by the comet test, showed no significant difference, probably because 
the sample consisted of trained individuals and the exercises applied 
were familiar to them. Because they exercise regularly, the antioxidant 
system of these individuals is likely to have undergone adaptations 
that allow them to perform this type of exercise without any significant 
oxidative damages. 

The results of this study are consistent with the findings of Pavão 
et al., Kim et al., Rahimi, and Gray et. al., who examined the effect of 
resistance exercise (bodybuilding) on DNA damage.27-30

No grade 4 damage was found, suggesting that the training protocol 
applied did not induce any relevant genotoxic damage. It is important 
to emphasize that the study reveals that DNA damage does not prevent 
that, when necessary, more than one training session per day can be 
performed, provided that the intensity and volume of training prescribed 
in this study is respected.

CONCLUSION
The analysis of results allows to conclude that the resistance training 

session applied did not induce lipid peroxidation or DNA damage of 
lymphocytes upon analysis of the comet and micronucleus test in the 
conditions proposed in this study. 

All authors declare no potential conflict of interest related to this article

Table 1. Results of the biochemical analysis at rest, post-training and 5 hours after 
the resistance training session.

  Pre-training Post-training 5 hours after p value

Proteins (g/dL) 8.8±1.4 10.0±2.6 9.3±1.5 0.286

Glucose (mg/dL) 105.2±34.6 95.8±6.8 97.9±12.5 0.469

Triglycerides (mg/dL) 79.6±32.7 80.3±40.0 127.8±71.4 0.018*

Albumin (g/dL) 2.2±0.5 2.2±0.1 2.3±0.4 0.626

Urea (mg/dL) 49.5±12.1 48.3±12.9 42.5±13.0 0.281
* Results expressed as mean, standard deviation. *p<0.05 for rest by analysis of the variance test followed by Tukey 
post hoc test. Source: research data, 2018.

Table 2. Lipid peroxidation results measured by TBARS at rest, post-training and 5 
hours after the resistance training session. 

Pre-training Post-training 5 hours after p value

TBARS (nmol) 0.28 ± 0.07 0.37 ± 0.27 0.43 ± 0.37 0.312
Results expressed as mean, standard deviation. *p<0.05 for rest by the Kruskal-Wallis test for non-parametric data.

Table 3. Analysis of the degree of DNA damage, ID by the comet test and micronucleus 
test at rest, post-training and 5 hours after the resistance training session.  

  Rest Post-training 5 hours after p value

Co
m

et
 te

st

Grade 0 damage 86.87±1.81 87.27±1.71 88.07±1.53 0.15

Grade 1 damage 12.13±2.42 11.40±1.59 10.80±1.74 0.18

Grade 2 damage 1±1.07 1.13±0.99 1.07±0.18 0.93

Grade 3 damage - 0.07±0.26 0.07±0.26 -

Grade 4 damage - - - -

ID comet test 14.13±1.73 13.87±2.29 13.13±1.73 0.35

Micronucleus test 3.67±0.72 2.93±1.28 2.87±0.92 0.06

* Results expressed as mean ± standard deviation. ** p<0.05 for rest by ANOVA ONE WAY analysis. Source: 
research data, 2018.
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