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The objective of this study was to verify the influence of the ACTN3 R577X polymorphism on muscle damage and the inflammatory
response after an acute strength training (ST) session. Twenty-seven healthy male individuals (age: 25 ± 4:3 years) participated in the
study, including 18 RR/RX and 9 XX individuals. The participants were divided into two groups (RR/RX and XX groups) and
subjected to an acute ST session, which consisted of a series of leg press, leg extension machine, and seated leg curl machine. The
volunteers were instructed to perform the greatest volume of work until concentric muscle failure. Each volunteer’s performance
was analyzed as the load and total volume of training, and the blood concentrations of C-C motif chemokine ligand 2 (CCL2),
interleukin-8 (IL-8), creatine kinase (CK), lactate dehydrogenase (LDH), myoglobin, testosterone, and cortisol were measured
before the ST session and 30min and 24 h postsession. The ACTN3 R577X polymorphism effect was observed, with increased
concentrations of CCL2 (p < 0:01), IL-8 (p < 0:01), and LDH (p < 0:001) in XX individuals. There was an increase in the
concentration of CK in the RR/RX group compared to XX at 24 h after training (p > 0:01). The testosterone/cortisol ratio increased
more markedly in the XX group (p < 0:001). Regarding performance, the RR/RX group presented higher load and total volume
values in the training exercises when compared to the XX group (p < 0:05). However, the XX group presented higher values of
delayed onset muscle soreness (DOMS) than the RR/RX group (p < 0:05). The influence of ACTN3 R577X polymorphism on
muscle damage and the inflammatory response was observed after an acute ST session, indicating that the RR/RX genotype shows
more muscle damage and a catabolic profile due to a better performance in this activity, while the XX genotype shows more DOMS.
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1. Introduction

Sports performance and muscle damage have been identified
as the result of a combination of nutritional factors, training,
psychological profile, and genetic predisposition. In this
sense, studies showed that the genetic profile is a determin-
ing factor for success in certain sports [1–3]. Among the
genes related to physical performance and muscle response,
ACTN3 stands out. In individuals with RR/RX genotypes for
the ACTN3 R577X polymorphism, this gene encodes alpha-
actinin sarcomeric protein-3, which is present in type II
muscle fibers, that is responsible for playing an essential role
in the generation force and power muscle contractions [4, 5].

The ACTN3 R577X (rs1815739) is a nonsense mutation
that involves the replacement of an arginine (R) residue with
a premature stop codon (X) at position 577 of the protein [4,
5]. Carriers of the R allele are generally associated with better
performance in strength and power activities in elite athletes
[6, 7], whereas the absence of alpha-actinin-3 in individuals
with XX genotype has been associated with greater fitness
for endurance activities and lower force generation capacity
in animals and humans [8, 9]. These results, however, are
divergent in studies with different groups and training pro-
tocols [10–12]. In addition, insufficient sampling also results
in divergent results among the studies.

Although alpha-actinin-3 protein deficiency in individuals
with XX genotype does not cause disease [13], this genotype
has been characterized as being more susceptible to exertion-
induced muscle injury, requiring a longer recovery period
[14–16]. Studies that evaluated susceptibility to exercise-
induced muscle damage by means of indirect and/or inflam-
matory markers suggest a greater vulnerability associated with
genetic profile XX compared to genetic profiles RR and RX [14,
17–19].

The mechanism attributed to this greater susceptibility
to muscle damage in the ACTN3-XX genotype is lower sta-
bility in the interaction between proteins in the Z-disc sub-
jected to mechanical stress when compared to the ACTN3-
RR/RX genotypes [20, 21]. On the other hand, it has been
suggested that the expression of alpha-actinin-3 represents
a protective mechanism against the development of lesions
through an increase in type IIa muscle fiber stiffness [21].

Based on the above statements, genetic factors also may
influence muscle strength production, muscle damage, and
inflammatory response in strength training programs [22].
These exercise-induced physiological responses are classically
measured by variations in the rate of creatine kinase (CK),
interleukin-6 (IL-6), lactate dehydrogenase (LDH), myosin,
troponin I, and myoglobin, which are markers of different
muscle damage variations that physical demands may cause
[23, 24]. However, the conclusions based on the analysis of
these markers still need to be confirmed due to different exer-
cise protocols and tested groups with distinct characteristics
(age, gender, and previous training level) [25].

Furthermore, hormonal parameters can also show differ-
ent responses based on the genetic profile after acute training
sessions. The analyses of these hormonal parameters are useful
to determine the testosterone and cortisol ratio (T :C ratio),
which indicates a tendency to an anabolic or catabolic state.

A catabolic condition previous to the training stimulus can
be a sign of insufficient recovery from the previous stimulus
or of some nutritional deficiency and can indicate overtraining
[26, 27].

This seems to justify a trend observed in some observa-
tional studies in which ACTN3-XX athletes present a higher
incidence of injuries and longer time away from work [15,
28, 29]. In this respect, it is believed that identifying physio-
logical patterns in different genetic profiles through acute
strength stimuli can provide information to optimize each
athlete’s physical conditioning, recovery, and progression,
assisting in the prevention of injuries through the individu-
alization of training.

Thus, the aim of the present study was to evaluate the
influence of the ACTN3 R577X polymorphism on muscle
damage and the inflammatory response after an acute
strength training (ST) session.

2. Materials and Methods

2.1. Ethical Approval. This study was approved by the
Research Ethics Committee of the Federal University of Ouro
Preto (approval no. 79961317.0.0000.5150), following the
standards established by the Brazilian National Health Coun-
cil (resolution 466/2012). The volunteers were provided with
information about the study and signed an informed consent
form.

2.2. Participant Selection. Volunteer recruitment for this
study was carried out with the goal of obtaining a minimum
number of nine participants with the ACTN3-XX genotype,
a group with lower genotypic frequency in the population.
The sample size (n = 27) was calculated by comparing paired
groups [30] considering a 95% confidence level and an
80% power.

Approximately 60 genotypic analyses were performed to
reach the desired number of ACTN3-XX individuals. Over-
all, 27 healthy male individuals aged 25 ± 4:3 years and who
had practiced weight training for at least six months partic-
ipated in this study. The participants were divided into
groups according to the alleles they carried for the ACTN3
gene. They were then classified as group RR/RX (n = 18) or
group XX (n = 9).

Volunteers who did not show up on the scheduled day and
time, who presented any illness that compromised the data
collection, or who used any medication, nutritional supple-
ments, or anabolic androgenic steroids were considered
unsuitable for participation. The participants were instructed
to keep their usual diets and not to perform vigorous physical
activities before and during the period of the experiment.

2.3. Experimental Design. The subjects attended the laboratory
on a total of three occasions in the morning period. The first
visit consisted of an anthropometric evaluation: weight, height,
body mass index (BMI) and fat percentage (%fat), a familiari-
zation session with the study procedures, and a 10-repetition
maximum (10RM) test.

In the familiarization session, two serieswereperformed for
each exercise, with volumes, intensities, and loads considered
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light to ensure that there was no muscular wasting that could
influence the 10RM test [31]. The proposed exercises were leg
press (LP), leg extension machine (LEM), and seated leg curl
machine (SLCM). The session also involved the standardiza-
tion of position, range of motion, and duration of concentric
and eccentric muscle actions. Forty-eight hours after the first
visit, both the RR/RX and XX groups performed a training ses-
sion. Three blood collections were performed throughout the
study to evaluate indirect markers of muscle damage: the first
blood collection (C1) occurred before the training session, the
second (C2) was performed 30min after the end of the session,
and the third (C3)wasperformed24hafter the training session,
during the third and last visit to the laboratory. The objective of
the collections was to evaluate in the different periods the con-
centrations ofC-Cmotif chemokine ligand 2 (CCL2), IL-8, CK,
LDH, myoglobin, testosterone, and cortisol. The participants’
performance regarding the load, volume, and total volume
was also measured and recorded during the training session
of each exercise. At the end of the experiment, the participants
were also evaluated regarding their subjective perception of
pain.

2.4. 10RM Test. A 10RM test was performed at the end of
familiarization for each exercise to establish the load of the
training session. The test protocol was adapted from Simão
et al. [31] and followed the specifications below:

(i) Maximum number of five attempts at each exercise
to determine the training load

(ii) A 5min pause between attempts

(iii) Gradual progression of weight from the perception
of volunteers and evaluators, based on a scale of
subjective perception of effort from repetitions in
reserve proposed by Helms et al. [32]

This procedure was adopted to maximize the test’s level
of specificity to the training session.

2.5. Strength Training Session. The ST session involved per-
forming the following exercises in order: LP, LEM, and
SLCM [33]. For each of the exercises, 4 sets of 10 maximum
repetitions or the greatest number of repetitions were per-
formed until concentric failure was reached [34] with a load
of 85% of 1RM. The interval between the series and exercises
was 90 s [35]. For standardization of the movements, the
volunteers were instructed to follow a rhythm of 2 s for con-
centric actions and 4 s for eccentric actions at a 60 s cadence
during the training session. In this way, the participant
remained in eccentric action longer, aiming at causing
greater muscle damage [36]. The number of repetitions
and the weight lifted in each series were recorded. The train-

ing volume was calculated by multiplying the number of
repetitions performed by the weight lifted.

2.6. Blood Collections and Indirect Markers of Muscle Damage.
The measurement of muscle damage was performed by mea-
suring physiological markers. The blood samples were col-
lected by venipuncture in the volunteers’ antecubital fossa
which was performed by a trained nurse, respecting the bio-
safety standards recommended by the health authorities. In
the first collection (C1), 12mL of blood was collected, 7mL
in a no additive collection tube for laboratory marker determi-
nation and 5mL in an EDTA tube for genotyping. In C2 and
C3, only one 7mL tube without anticoagulant was collected.
The testosterone, cortisol, andmyoglobin concentrations were
analyzed by high selectivity chemiluminescence and affinity
using Access Beckman Coulter® kits and equipment. The con-
centrations of CK, LDH, IL-8, and CCL2 were analyzed by the
high-sensitivity enzyme-linked immunosorbent assay (ELISA)
method (Sigma-Aldrich). To analyze the genetic profile of the
participants, blood samples were collected using the vacuum
method, in 2–4mL EDTA tubes (Vacuette). To extract the
genomic DNA from the peripheral blood, samples were per-
formed according to the literature protocol, using proteinase
K followed by salt precipitation [37]. Genotyping of the
ACTN3 R577X polymorphism was performed as described
by Coelho et al. [38].

2.7. Delayed Onset Muscle Soreness. The visual analog scale
was used to infer the subjective perception of muscle pain
24 h after the training session. The participants were asked
to rate their perceptions of pain on a 10 cm long numbered
horizontal scale in which 0 (zero) indicated no pain and 10
the worst possible pain [39].

2.8. Statistical Analyses. Statistical analyses were performed
using GraphPad Prism version 6.0 (GraphPad Software
Inc., Irvine, CA). Data normality was tested using the
Kolmogorov test. To verify the homogeneity of variances,
the Levene test was used. The effect of SNP or period was
compared using 2-way ANOVA followed by the Bonferroni
post hoc test. Outliers were excluded before statistical analy-
sis using the standard interquartile range (IQR) criteria
(values above 75% and below 25%), when it was relevant.
p values < 0.05 were considered statistically significant.

3. Results

The individuals were characterized according to their
genetic profiles for ACTN3-R577X. There were 18 RR/RX
and 9 XX individuals. The results obtained in the physical
evaluation measuring the body composition, weight, height,
and estimated body fat percentage are presented in Table 1.

Table 1: Characterization of the RR/RX and XX genotype groups regarding age, weight, height, body mass index (BMI), and % body fat.

Age (years) Weight (kg) Height (m) BMI (kg/m2) % body fat

RR/RX (n = 18) 24:1 ± 3:8 78:1 ± 9:9 1:78 ± 0:1 24:7 ± 2:7 10:7 ± 5:3
XX (n = 9) 28:1 ± 3:9 78:6 ± 9:6 1:80 ± 0:1 25:4 ± 1:4 14:7 ± 4:6
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The homogeneity of variances for comparisons between
groups was verified by the Levene test (p > 0:05).

Regarding the damage markers evaluated preexercise,
postexercise, and 24 h after the training session, the effect
of SNP was observed, showing increased CCL2 concentra-
tions for the XX group in relation to the RR/RX group 24 h
after the training session. Within the same group, no signif-
icant changes were observed regarding the time of collection,
as shown in Figure 1(a).

IL-8 values also demonstrated an SNP effect. Increased
values of this chemokine were observed in the XX group in
the blood test taken before training in relation to the corre-
sponding values of the RR/RX group taken at the same time.
This suggests that theXXgroup already presented amore pro-
nounced inflammatory profile in the pretraining situation,
considering that they were men who actively exercised, which
leads to the conclusion that there is a greater propensity to
inflammation in carriers of the R allele (Figure 1(b)).

As for CK measurements, an interaction effect was
observed, with higher increase concentrations in the RR/
RX group at 24h after training in relation to the XX group
at the same evaluation moment. Within the same groups,
only changes in the RR/RX group were observed, with a
higher increase at 24 h after training in relation to the other
moments evaluated.

The analysis also demonstrated an SNP effect for LDH,
showing changes in the different periods analyzed. Higher
LDH concentrations were identified in the XX group postex-
ercise and after 24 h when compared to RR/RX in the same
periods, as shown in Figure 1(d).

Formyoglobinmeasurements, an SNP effect is observed in
Figure 1(e), with higher values demonstrated in the RR/RX
group postexercise in relation to the XXgroup at the same eval-
uated time. In addition, in the RR/RX group, a higher increase
in myoglobin was also observed postexercise in relation to the
other evaluated moments.

In Figure 2(a), it can be seen that the results for SNP
according to interaction and period for testosterone showed
an interaction effect in both genotype groups, but the posttest
values showed no differences.

The results for cortisol showed a reduction in the post-
training values in XX individuals when compared with RR/
RX posttraining values (Figure 2(b)).

The effects analyzed for the testosterone/cortisol (T :C)
ratio were observed by period and interaction. An increased
T :C ratio was observed in RR/RX 24h after exercise in
relation to the pretraining ratio for this genotype group. A
more pronounced increase was observed in XX posttraining
and after 24h in relation to the pretraining values (Figure 2(c)).

In relation to the performance variables, an alteration was
observed in the load used between the two groups for the LP,
LEM, and SLCM, in which individuals with genetic profile
XX presented lower strength values compared to the RR-RX
group (Figure 3(a)).

In relation to the volume variables, there was a difference
between the groups in the SLCM and LEM exercises: the XX
group presented a worse performance compared to the
RR/RX group (Figure 3(b)). Under the total volume, the
XX group presented a lower performance than the RR-RX

group in all three exercises of the study (Figure 3(c)). When
analyzing DOMS, individuals with genetic profile XX pre-
sented higher values when compared to the RR/RX group
(Figure 3(d)).

4. Discussion

The biochemical and performance marker results showed
that the ACTN3-R577X polymorphism is associated with
the inflammatory response and muscle damage after an
acute ST session. In this study, higher CK, myoglobin, and
cortisol concentrations indicated more elevated muscle
damage in the RR/RX group. This can be explained by the
higher volume of work performed by this group (Figure 3).
The XX group presented a higher initial inflammatory pro-
file and more intense DOMS even with lower volumes of
training. It was expected that the XX group would present
a greater inflammatory response, higher rates of muscular
damage, and greater values in the scale of referred pain, thus
requiring a longer period of recovery, but this expectation
was not fully observed in the results.

As for the inflammatory response, a more pronounced
inflammatory state was observed for the IL-8 pretest in the
XX group. For CCL2, also in the XX group, there was a sig-
nificant increase at 24 h after training. These findings are in
agreement with those of a study conducted with soccer
players who were evaluated immediately before and after
an official match; higher values were observed in XX individ-
uals before the acute stimulus when compared to the RR/RX
group, which suggested an initial increased inflammatory
response in physically active individuals [38]. On the other
hand, other authors that also evaluated the inflammatory
response after an acute training session did not find a differ-
ence between the evaluated posttest moments [40–42].

Regarding the response to muscle damage after an acute
ST session until concentric failure, that is, with self-regulated
workload, the RR-RX genotype presented higher values of
muscle damage indicators. This can be explained by the
greater workload of this group during training (Figure 3).
In this respect, the present study demonstrated similarity
with the results obtained by Coelho et al. [38] involving pro-
fessional athletes submitted to an official soccer match.
These results demonstrated the genotype profile effects, once
the RR/RX group can perform a greater workload in the
training, and as a consequence, this group would have more
muscle damage.

On the other hand, after a maximal eccentric ST session,
Broos et al. [21] showed a posttraining increase in muscle
damage markers (CK and myoglobin), but without significant
differences between the groups, probably due to the small
sample sizes (four XX and four RR). However, a difference
was observed between the reduction in maximum strength
and pain reported postintervention, and the group deficient
in alpha-actinin-3 (XX) presented higher scores in the subjec-
tive scale of posttraining pain, corroborating the present study.
The authors suggested that this could be a protective mecha-
nism against the development of injuries in subsequent
eccentric exercises due to the greater stiffness exclusively
of the type IIa muscle fibers observed in the RR group.
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Figure 1: Serum concentration of indirect damage markers of muscle in genotype groups RR/RX and XX: (a) C-C motif chemokine ligand 2
(CCL2); (b) interleukin-8 (IL-8); (c) creatine kinase (CK); (d) lactate dehydrogenase (LDH); (e) myoglobin. White: pretraining blood marker
values; gray: postexercise blood marker values (30min after exercise); black: blood marker values 24 h after exercise. ∗p < 0:05; ∗∗p < 0:01;
∗∗∗p < 0:001.
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In another study with young people (10 XX and 9 RR) sub-
mitted to an eccentric ST session, Vincent et al. [43] demon-
strated posttraining increases in muscle damage markers in
both groups at the measured times. However, 24h after the
stimulus, the difference for theXXgroupwas greater in relation
to the RR group, a result that contradicts those of the present
study. Like Broos et al. [21] and Vincent et al. [43], Venckunas
et al. and Clarkson et al. [18, 44] did not find a difference in
muscle damage markers after acute session training for the
XX and RR groups. This supports the hypothesis that being a
carrier of the gene encoding alpha-actinin-3 can be a protective
mechanism against the development of injuries and muscle
damage following an initial eccentric strength stimulus.

A probable explanation for the different results in different
studies analyzing muscle damage through indirect markers,
namely, CK, could be the training protocol proposed in each
study. While the studies conducted by Clarkson et al. [44],
Vincent et al. [43], and Venckunas et al. [18] presented iden-
tical training conditions applied to the groups, the present
study limited the volume of exercise to concentric muscle fail-

ure. It can be inferred that individuals from the RR/RX group
presented greater muscle damage when performing actions of
greater magnitude of force [38]. Unlike the behavior of CK
and myoglobin, the LDH data indicated a greater magnitude
of muscle damage in the XX group. This can be considered a
discrepant and complex finding to be explained, because the
other data (CK, myoglobin, and cortisol) indicate that there
was a greater level of demand for the RR/RX group.

Regarding the hormonal parameters (testosterone and
cortisol), no relevant differences were observed between the
collection times in the same group. A significant difference
between the groups was only found for the posttraining cor-
tisol concentration, with reduced values for the XX group in
relation to the RR/RX group (Figure 2(b)). The analyses of
these hormonal parameters are useful to determine the
T :C ratio, which indicates a tendency to an anabolic or
catabolic state. A catabolic condition previous to the train-
ing stimulus can be a sign of insufficient recovery from the
previous stimulus or of some nutritional deficiency and
can indicate overtraining [26, 27]. Although in the present
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Figure 2: Hormonal parameters in genotype groups RR/RX and XX: (a) testosterone concentration, (b) cortisol concentration, and (c) T : C
ratio. White: pretraining; gray: postexercise (30min after exercise); black: 24 h after exercise. ∗p < 0:05; ∗∗p < 0:01; ∗∗∗p < 0:001.
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study the T :C ratio showed greater levels in the XX group
(Figure 2(c)), it is possible to interpret that the RR/RX
group showed a greater catabolic tendency after the stim-
ulus due to the higher levels of cortisol on this group.
However, the analysis of the T :C ratio is only a tool,
and it should not be analyzed in isolation to determine
the overtraining status [45].

It was observed that despite the lower training volume of
individuals with genotype XX, this group presented a greater
inflammatory response and more referred pain in relation to
the RR/RX genotypes. The present study demonstrated that
the genotype XX presents greater concentrations of inflam-
mation and DOMS markers, indicating the need for longer
recovery periods, while the RR genotype can tolerate greater
training loads, therefore presenting better absolute perfor-
mance in strength and power activities.

A limitation of this study was the lack of standardization
in relation to the participant diets, which may have influ-
enced the results. There was also no long-term follow-up,
which could have elucidated how these acute alterations
favor chronic adaptations to exercise.

5. Conclusion

It is concluded that the ACTN3 gene influences muscle dam-
age and the inflammatory response resulting from an acute
ST session. It was observed that after an acute ST session
with a regulated high workload, the RR/RX genotype shows

higher values of muscle damage markers and, consequently,
a catabolic response, which can be explained by the higher
workload of this group during exercise. On the other hand,
genotype XX presents a basal inflammatory profile and
greater DOMS responses after ST, albeit with lower perfor-
mance values. The results from the present study can con-
tribute to more individualized and optimized planning of
the progression of training loads and recovery strategies for
ST practitioners.
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