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Skeletal muscle injury is a frequent event and diagnosis using the classical blood markers sometimes 
produces unsatisfactory results. Therefore, objective of the study was to detect new biomarkers in plasma, 
saliva and urine in response to acute muscle damage induced by physical exercise. A cross-sectional 
study was conducted with 27 American football players. Before the physical exercises (T0), 60 minutes 
(T1) and 24 hours (T2) after physical exercise, was determined the clinical, biochemical and molecular 
parameters, including ADA, TBARS, leukocytes, lymphocytes and comet assay. The serum ADA was 
significantly higher in T1 and T2, in the urine there was a significant increase in T1, in the saliva there 
was no significant differences. There was an increase in serum TBARS in T2, saliva and urine in T1. 
The leukocytes increased in T1 and decreased in T2. Through the comet assay was observed significant 
DNA damage in T1 and T2. Serum and urinary ADA activity, serum, urinary and salivary TBARS are 
robust and promising biomarkers of acute muscle injury and that the comet assay allows a quick and 
effective evaluation of DNA lesions induced by physical exercise and could be used to monitor athletes 
avoiding injuries that are more serious. 
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INTRODUCTION

Every high-performance sport demands more and 
more from its athletes because the competitions and 
training put the athlete’s body under constant physiological 
and psychological stress, often because they happen in a 
short time, not allowing the musculature to regenerate 
(Wilcock, Cronin, Hing, 2006). This stress can progress 
from a benign initial phase to a subclinical injury, which 
will impair performance and cause wear and tear on the 
athlete, contributing to the withdrawal of competitions 
(Lazarim et al., 2009).

Intense physical activity requires a greater energy 
demand with a consequent increase in the release of AMP, 
ADP and intra and extracellular ATP to aid in the control 

of processes such as platelet aggregation, vascular tone 
control, neurotransmission, membrane permeability, 
cardiac function and muscle contraction associated with 
the exercise. (Broberg, Sahlin, 1989; Erlinge, Burnstock, 
2008). 

Thus, ectonucleotidase enzymes expressed on the 
surface of several cells, hydrolyze these nucleotides 
then controlling their levels. This enzymatic complex 
includes the enzymes E-NTPDase (ectonucleoside 
triphosphate diphosphohydrolase), E-NPP (ectonucleotide 
pyrophosphatase/phosphodiesterase), E-5′-nucleotidase 
and adenosine deaminase (ADA) (Fürstenau et al., 2006). 
Adenosine can be directly inactivated on the cell surface 
through the sequential actions of ADA, which catalyzes 
the irreversible deamination of adenosine and leads to 
inosine (Blackburn, Kellems, 2005).

In addition, a probable cause of fatigue, muscle 
damage and inflammation is the occurrence of ruptures of 
fragile sarcomeres when high forces are applied and are 
not absorbed and, as a result of interruption of sarcomeres, 
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due to heavy/prolonged physical exercise, may occur 
release of enzymes that are present in the cytoplasm of 
muscle cells by lesioning the ultrastructure of the fibers 
and development of an important inflammatory response. 
(Evans, Meredith, Cannon, 1986; Córdova Martínez, 
Alvarez-Mon, 1999). 

Even ADA being found in small amounts in 
muscle tissue, it can temporarily increase its serum 
concentrations as a result of muscle injuries because 
it is widely distributed in cells of the immune system 
that participate in the processes of degeneration and 
regeneration of muscle and surrounding connective 
tissue after muscle damage (Livi, 1999; Tidball, 2005; 
Wassmansdorf, 2012).

ADA is a potent inflammatory biomarker that can 
be determined in both blood and biological fluids as it 
is widely distributed in human tissues and is associated 
primarily with CD4 + T lymphocyte proliferation 
and performs tight control of extracellular adenosine 
concentrations (Chielle et al., 2015; Livi, 1999; Zavialov 
et al., 2010). 

Moreover, with increased oxygen consumption 
(O2) due to the practice of intense physical exercises, 
acute or chronic oxidative lesions may occur in the cells 
due to the production of reactive oxygen species (ROS) 
and consequent lipoperoxidation (He et al., 2016). As 
biomarker of oxidative stress, more specifically lipid 
peroxidation of the cell membrane, are the substances 
that react with thiobarbituric acid (TBARS), increasing 
the levels of this product indicates the existence of 
oxidative stress in the cells, increasing the risk of cellular 
rupture and contributing to muscle injury (Alleman et 
al., 2014).

The responses to the tissue damage may increase 
in hours and days due to the worsening of the oxidative 
stress and the infiltration of cells of the immune system 
that will go to the site of the injury to clean the cellular 
debris, increasing the inflammatory process (Baroni et 
al., 2010; Chevion et al., 2003; Souza Jr., Pereira, 2008). 
Therefore, the search for an early diagnosis of muscle 
injuries and methods that provide quick results has been 
an increasing practice in high-performance professional 
modalities, since the current biochemical monitoring is 
relatively non-specific and involves some physical and 
psychological discomfort. The objective of this study 
was to evaluate TBARS and serum ADA and in other no 
invasive biological samples such as saliva and urine, as 
well as evidence that biomarkers of DNA damage may be 
useful in predicting the onset of overtraining which is a 
condition of fatigue and drop in physical performance that 
occurs after intense training and competitions

MATERIAL E METHODS

Participants

This essay included 27 male athletes from an 
American football team from the city of São Miguel do 
Oeste – SC. The sampling process was performed for 
convenience and all athletes signed the Free and Informed 
Consent Form. The Committee of Ethics and research 
with human beings of the University of the West of Santa 
Catarina approved the study under the protocol number 
1.629.054. For the composition of the samples, inclusion, 
and exclusion criteria were adopted according to the 
organization chart 1.

Experimental procedures

The athletes were submitted to a questionnaire 
prior to performing physical activity, where information 
was collected regarding age, weight, height, time of 
physical activity and systolic and diastolic blood pressure. 
Athletes’ blood pressure was measured before and after 
physical activity using a manual sphygmomanometer 
and a Premium brand stethoscope (Accumed-Glicomed, 
RJ, Brazil). The height of the athletes was measured in 
centimeters (cm), in a wall stadiometer, Professional 
ES2020 Sanny® (American Medical do Brasil Ltda, SP, 
Brazil), and the weight was verified in kilograms (kg), in 
G-techC scale, model Glass 180, platform type (Accumed-
Glicomed, RJ, Brazil).

In order to perform the physical training, the athletes 
were instructed to stay a 3-day period of rest. The group 
of athletes was submitted to training protocol, as shown in 
Table I and all training was supervised by the researchers. 
Further details of the experimental protocol and training 
program are described in Uchida et al. (2006), Hartman et 
al. (2007), Hasani-Ranjbar et al. (2012). The performance 
of the athletes was controlled. These exercises were 
chosen because they require a great muscular capacity for 
development. During the exercises, the athletes did not rest, 
and recovery was active. The air temperature during testing 
was 21 °C and relative humidity amounted to 62 %, through 
the Matsuri Temperature and Humidity Meter (Biogênese 
Comércio de Artigos Médicos Ltda, PR, Brazil).

Samples of blood, saliva, and urine were collected 
three times: 60 minutes before starting the exercises with 
the athlete rested (T0), 60 minutes after the physical 
exercise battery (T1) and 24 hours after the physical 
exercise battery (T2). All athletes were assessed before 
and after a single physical exercise session. The blood 
samples were collected by venipuncture and placed 



Evolution of potential biomarkers of acute muscle injury after physical exercise

Braz. J. Pharm. Sci. 2019;55:e17594 Page 3 / 8

in collection tubes with anticoagulant EDTA and tube 
without anticoagulant and with separator gel that was left 
at room temperature for 20 minutes and then centrifuged 
for 10 minutes at 4000 rpm to obtain the serum.

For saliva collection, athletes were instructed to rinse 
the mouth with water 3 times; subsequently, a Salivette® 
was supplied, which consists of a conical container with 
an absorbent filter. Participants were instructed to remove 
the filter and place it in the mouth for a period of 3 minutes 
as recommended by the manufacturer (Salivette Tubes 
Sarstedt, Nümbrecht, Germany). Afterward, the filter was 
relocated to the centrifuge container. The samples were 
frozen at -20 °C, as recommended by Sereg et al. (2011) 
until analysis moment.

The ur ine  was  col lec ted  in  a  s ter i le  v ia l , 
approximately 50 mL. The athletes were instructed to 
discard the first urine stream and collect midstream 
directly into the bottle provided. The samples were 
centrifuged to remove cells, bacteria and crystals, and the 
supernatant used for laboratory analysis.

In serum, saliva and urine samples, ADA activity 
was determined by the commercial kit (Ebram Laboratory 
of Products LTDA® - São Paulo, Brazil), based on the 
enzymatic deamination of adenosine in inosine by a 
kinetic form in BIO2000 equipment (BIOPLUS®- São 
Paulo, Brazil). The values were expressed in U/L. The 
leukocytes and lymphocytes were analyzed and counted 
by fluorescence flow cytometry on XS-800i equipment 

(Sysmex-Roche Diagnostic USA). Lipid Peroxidation 
was estimated by the measurement of Thiobarbituric 
Acid Reactive Substances (TBARS) according to the 
method established by Lapenna et al. (2001). The reaction 
product was measured spectrophotometrically at 532 nm 
and the results were expressed in nmol/L. The evaluation 
of induced damage to the genetic material was performed 
by comet assay technique in peripheral lymphocytes as 
described by Singh et al. (1998).

Data were expressed as mean ± standard deviation. 
The Kolmogorov-Smirnov test was used to examine 
the distribution of variables. Data comparisons were 
performed by one-way analysis of variance (one-
way ANOVA), followed by Tukey`s test (parametric 
variables) or Kruskal-Wallis`s test followed by Dunn’s 
test (nonparametric variables). The value of p<0.05 was 
considered statistically significant. Data were analyzed 
using Statistica 6.0® software (StatSoft, Tulsa, USA). 

RESULTS

The study population consisted of 27 male volunteers 
with an average age of 22.5±4.2 years old, average weight 
of 81.9±13.8 kg, average height of 1.79±0.6 meters and 
physical activity time with an average of 4.0±2.6 years. 
The volunteers’ blood pressure did not present a significant 
difference during the three moments (T0, T1 and T2) as 
shown in Table II.

TABLE I – Training protocol

Warning-up 
Exercice Sequence

Stationary bicycle 2 minutes
Training

Exercice Sequence
Step 3 sets of 20 repetitions

Arm bending bosu 3 sets of 20 repetitions
Forward and curl whit dumble (10 kg) 3 sets of 20 repetitions

Development with bars and dumbbells (10 kg) 3 sets of 20 repetitions
Triceps French with washer (15 kg) 3 sets of 20 repetitions

Swing with kettlebell (12 kg) 3 sets of 20 repetitions
Burpee 3 sets of 20 repetitions

Isometric squat 3 sets of 20 repetitions
Medicine ball throw (5 kg) 3 sets of 20 repetitions

Bench triceps 3 sets of 20 repetitions
Speed running 5 minutes

This sequence of exercises was repeated for 60 minutes.
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There was a significant increase in serum ADA 
activity in T1 (p<0.0001) and T2 (p<0.05) when compared 
to T0, followed by a significant decrease in T2 when 
compared to T1 (p<0.0001). There were no significant 
changes in ADA activity in saliva. In urine, it was observed 
a significant increase in ADA activity in T1 (p<0.0001) 
when compared to T0, followed by a significant decrease 
in T2 when compared to T1 (p<0.0001) (Figure 1A, B, C). 
The Table III show a significant increase of total leukocytes 
in T1 when compared to T0 and a significant decrease in 
T2 when compared to T1. There was also a significant 
increase in the amount of lymphocytes in T1 and T2 
compared to T0. There was a significant increase in serum 
TBARS 24 hours after physical exercise (p<0.05). In urine 
and saliva, it was observed significant increases in T1 

when compared to T0, while in urine there was a decrease 
in T2, salivary TBARS remained significantly increased in 
T2 when compared to T0 (p<0.0001). Through the comet 
assay we observed a significant increase of DNA damage 
in T1 and T2 when compared to T0 (p<0.001), evidencing 
in these times a greater number of lymphocytes with a tail 
of Grade 3 and 4 (Figure 2A, B).

DISCUSSIONS

Intense physical activity requires a greater energy 
demand with a consequent increase in the release of 
AMP, ADP and intra and extracellular ATP to aid in the 
control of numerous processes (Broberg, Sahlin, 1989; 
Erlinge, Burnstock, 2008). ATP and other nucleotides and 
nucleosides are found in all organ systems where they 
produce effects both by intracellular and extracellular 
mechanisms. Intracellular ATP is primarily utilized to 
drive energy-requiring processes such as active transport, 
cell motility, and biosynthesis, whereas extracellular ATP 
is considered a powerful signaling molecule (Yegutkin, 
2008). Clear signalling roles for ATP and other nucleotides 
(ADP, UTP, UDP) have been established in several tissues, 
including potent neurotransmission in the central nervous 
system, muscle contractility (Ralevic, Burnstock, 1998; 
Burnstock, 2007), blood flow distribution and oxygen 
delivery (Gonzalez-Alonso, Olsen, Saltin, 2002; Sprague, 
Stephenson, Ellsworth, 2007); immune responses and 
control of leukocyte trafficking between the blood and 
tissues (Bours et al., 2006; Salmi, Jalkanen, 2005).

The result of ATP/ADP breakdown via sequential 
ectonucleotidase reactions is the release of adenosine. 
Measurements of extracellular adenosine levels (by using 
enzyme-coupled chemiluminescent or electrochemical 
methods) demonstrated direct hypoxia-induced releases 

TABLE II - Basic characteristics of the study population

T0 T1 T2
N 27
Gender Male
Age (yaers) 22.5±4.2
Activity time 
(yaers)

4.0±2.6

Weight (kg) 81.9±13.8
Height (m) 1.79±0.6
Systolic BP 
(mmHg)

127±11 120±9 123±13

Diastolica BP 
(mmHg)

79±10 76±8 76±9

Data were expressed as mean and standard deviation. T0: before 
the exercises were performed; T1: 60 minutes after physical 
exercises; T2: 24 hours after physical exercises; BP: Blood 
Pressure.

FIGURE 1 – Adenosine deaminase activity. (A) Serum ADA activity; (B) ADA activity in saliva; (C) ADA activity in urine. Data 
are expressed as means ± SD or median. The data were processed by analysis of variance (One-Way - ANOVA), followed by the 
Tukey test or Kruskal-Wallis test, followed by the Dunn test. T0: before the exercises are performed; T1: 60 minutes after physical 
exercises; T2: 24 hours after physical exercises. a p<0.0001 when compared to T0. b p<0.05 when compared to T0. c p<0.0001 
when compared to T1.
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of micromolar concentrations of this nucleoside from the 
rat hippocampal slices and cultured rat cortical astrocytes 
(Martin et al. 2007).

Thus, enzymes expressed in the cytoplasm and 
on the surface of muscle cells increase their activity to 

degrade adenosine (Fürstenau et al., 2006). One of the 
main enzymes that perform this process is ADA, an 
enzyme that degrades adenosian in iosine (Fürstenau et 
al., 2006). ADA is also an inflammatory enzyme involved 
in the maturation of cells of the immune system (Chielle 
et al., 2015; Ferreira et al., 2007; Livi, 1999). The intense 
physical effort can stimulate a greater production of ATP 
with subsequent degradation and increase of adenosine, 
as well as, there is a greater intensity in the inflammatory 
process which are related to the number of lesions induced 
by exhaustive physical exercises. In this sense, the results 
of this study suggest that the increased activity of serum 
and urinary ADA could be indirect markers of changes in 
muscle tissue since this enzyme would be concomitantly 
increased due to the increase of adenosine, its substrate, 
as well as the inflammatory process installed.

The results showed a significant increase in serum 
and urinary ADA 60 minutes after intense physical 
activity, decreasing significantly after 24 hours (Figure 
1A and 1C) when compared with the same individuals 
rested. Associated with this, an increase in the total count 
of leukocytes and lymphocytes was observed in Table 
III, which also increased significantly after 60 minutes of 
intense physical exercise, decreasing after 24 hours. It is 
believed that a serious increase in serum and urinary ADA 
in athletes with high loads of physical training should be an 
important indicator of muscle changes, such as exhaustion.

Taking the important anti-inflammatory role for 
adenosine into account, an abundant expression of ecto-
ADA in the tissues may provide an efficient mean for 
scavenging cell-surrounding adenosine with subsequent 
sustained activation of dendritic cells and T-lymphocytes 
during inflammation, even despite the general state of 
immune suppression (Desrosiers et al, 2007). In addition, 
lymphoid ecto-ADA, in association with CD26, has been 
proposed to have a catalytic-independent function as a co-

TABLE III – Quantification of leukocytes, lymphocytes and TBARS in the studied times

Time (hours)
T0 T1 T2

Leukocytes (mm3) 8044±1536 9596±1708a 7481±1398b

Lymphocytes (mm3) 2275±159 3399±237a 2817±180b

TBARS in serum (mmol/L) 309±118 397±257* 419±259c

TBARS in urine (mmol/L) 13.6±7.3 80.1±14.3a 35.5±10.7d

TBARS in saliva (mmol/L) 19.4±11.7 26.6±18.0a 34.3±21.6ab

Data are expressed as means ± SD or median. The data were processed by analysis of variance (One-Way - ANOVA), followed 
by the Tukey test or Kruskal-Wallis test, followed by the Dunn test. T0: before the exercises are performed; T1: 60 minutes after 
physical exercises; T2: 24 hours after physical exercises. a p<0.001 when compared to T0. b p<0.01 when compared to T1. c p<0.05 
when compared to T0. d p<0.0001 when compared to T1.

FIGURE 2 – Quantification of DNA damage through the comet 
assay (A). Photomicrography of comet assays on lymphocytes 
(B). The data were processed by analysis of variance (One-
Way - ANOVA), followed by the Tukey test or Kruskal-Wallis 
test, followed by the Dunn test. T0: before the exercises are 
performed; T1: 60 minutes after physical exercises; T2: 24 
hours after physical exercises. In A, B, C, D and E, class 0, 1, 
2, 3, and 4 comets respectively. The tail size of the comet is 
proportional to the damage to the genetic material. a p<0.0001 
when compared to T0
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stimulatory molecule during T cell antigen receptor–CD3 
complex engagement (Martin et al., 1995), and during 
the immunological synapse formation (Pacheco et al., 
2005), thus promoting an augmented T cell activation and 
production of proinflammatory cytokines. Compared to 
lymphocytes, vascular endothelium displays relatively 
low ecto-ADA activity, however endothelial cell-surface 
expressions of ADA and its counter-ligand CD26 can be 
coordinately up-regulated in areas of ongoing inflammation 
and diminished oxygen supply (Van Linden, Eltzschig, 2007).

It is emphasized that during physical exercises 
microtraumas and ruptures of the contractile structures 
and the components of the skeletal muscle cytoskeleton 
occur, which result in a moderate inflammatory response 
and release of intracellular proteins into the blood, whose 
objective is the healing process, recovery and physiological 
adaptation of the athlete (Nóbrega, 2005; Santos et al., 
2004). However, this recovery is not achieved by individuals 
undergoing intense and prolonged physical exercises, 
exhaustive and very frequent training (Rogero, Mendes, 
Tirapegui, 2005), compromising the tissue regeneration 
process, which results in a greater frequency of injuries and 
a decrease in athlete performance (Tidball, 2005).

Also the energy demand during physical activity 
generates an increase in the oxygen supply (O2) to the 
tissues and stimulates the oxidative metabolism, favoring 
the formation of free radicals (Ji, 2002; Wyatt, Donaldson, 
Brown, 2013), which are related to the processes of 
lipid peroxidation, DNA damage and protein oxidation 
(Finaud, Lac, Filare, 2006). In this study, a significant 
increase in serum, urinary and salivary TBARS levels was 
observed (Table III), evidencing an oxidative exacerbation 
proportionally related to the increase in O2 demand and 
to the inflammatory process, favoring muscular lesions 
and the appearance of diseases (Ye et al., 2016). Also, 
a significant increase in the comet assay (Figure 2) was 
observed 60 minutes and 24 hours after intense physical 
exercise. The comet assay is a reproducible and sensitive 
electrophoretic technique to detect the presence of 
single-strand breaks (SSB) of DNA, lesions at alkaline 
and SSB sensitive sites at sites of incomplete excision 
repair in mammalian cells in vitro and in vivo. Through 
this technique, it is possible to evaluate DNA damage and 
repair in proliferating and non-proliferating cells at the 
individual level (Hartmann et al., 2003).

As shown, ADA activity and serum and urine TBARS 
levels were significantly higher 60 minutes after intense 
physical exercise, decreasing 24 hours later, accompanied 
by a significant increase in leukocytes, lymphocytes and 
the comet test runoff, showing that these biomarkers 
could be routinely used to monitor acute muscle injuries 

and could indicate muscle depletion, oxidative stress and 
DNA damage in athletes after intense physical exercise, 
thus helping to prevent cumulative injuries that impair 
athletes’ performance. Some limitations of this study 
should be recognized as: i the cross-sectional design of 
the study prevents a demonstrated etiological association 
between markers, a longitudinal follow-up study is more 
appropriate for this type of research; ii the study does not 
address the lifestyle, ethnicity, genetics of volunteers; iii 
it was not possible to determine the levels of adenosine 
before and after intense physical exercises.

Nevertheless, this study allowed us to analyze the 
cellular biochemical alterations that occur in the lesions 
of the locomotor system in the intense physical exercises, 
besides highlighting the use of important biological 
samples, such as saliva and urine, for the biomarkers 
search of muscular lesions. The results presented here 
demonstrate that saliva and especially urine can be used 
for this research and are as accurate as blood to monitor 
the athlete, standing out with advantages because the 
collection does not present any discomfort, besides 
being practical and easy, the samples do not coagulate, in 
addition to having good stability.

Based on this, these biomarkers could be dosed in 
non-invasive samples and at different times, especially 
serum and urinary ADA activity, serum TBARS, urinary 
and salivary biomarkers which in the future could be used 
indirectly to evaluate acute muscle injuries, as well as the 
comet test would allow a rapid and effective evaluation 
of exercise-induced DNA lesions and could be used to 
evaluate and monitor athletes in exhaustive training, 
avoiding more serious injuries.
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