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This study is aimed at evaluating the profile of inflammatory markers and components of redox regulation in untrained women
after 10 weeks of resistance training using equalized protocols but different muscle action duration (MAD). Twenty-two women
underwent progressive resistance training exercising the knee extensor muscles for 10 weeks—3x/week, with 3-5 sets of 6
repetitions at 50% of the 1 repetition maximum strength test (1RM), with a rest of 180 s between the series, following the
training protocol (i) 5 s of concentric muscle action for 1 s of eccentric muscle action (5C-1E) and (ii) 1 s of concentric muscle
action for 5 s of eccentric muscle action (1C-5E). Quadriceps muscle hypertrophy maximum strength (1RM) and redox
regulation/muscle damage/inflammatory markers (CAT, SOD, TBARS, FRAP, CH, LDH, CXCL8, and CCL2) were evaluated.
Plasma markers were evaluated before and 30 minutes after the first and last training sessions. A similar gain in hypertrophy
and maximum strength was observed in both groups. However, in the 5C-1E, a significant major effect was observed for SOD
(F1:19 = 10:480, p = 0:004) and a significant major time effect, with a reduction in the last training session, was observed for
CXCL8 (F1:37 = 27:440, p < 0:001). In conclusion, similar protocols of resistance training, with different MAD, produced
similar inflammatory and adaptive responses to strength training. As the training load is progressive, the maintenance of this
inflammatory and redox regulation profile suggests an adaptive response to the proposed strength training.
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1. Introduction

Several studies have investigated the acute and chronic
effects of resistance training modulating the inflammatory
and redox profiles [1–6]. Such effects can contribute to a bet-
ter understanding of the role of resistance training in the
prevention and control of some diseases, as well as in the
adaptive process itself, which is mainly associated with mus-
cle hypertrophy [1, 2, 4, 6].

After a training session, the inflammatory response,
together with other mechanisms, is responsible for the
regeneration and repair of injured cells, as well as for pro-
cesses related to muscle hypertrophy [6–8]. Chemokines,
which are mainly associated with monocytes/macrophages
and neutrophils, such as CCL2, CCL3, CCL5, and CXCL8
[8], and the increase of antioxidant capacity [5], seem to
have a fundamental role in the process of regeneration/
hypertrophy of muscle tissue improving.

However, the effect of resistance training on the inflam-
matory profile and redox regulation is still controversial.
Some studies investigated different biomarkers and training
methods while others did not equalize the training protocols
and did not monitor repetition duration [3, 4, 9]. Thus, the
equalization of training protocols will provide more accurate
results compared to resistance training protocols.

It is known that one of the variables that influences the
adaptations of resistance training is repetition duration
[10]. Different eccentric (ECC) and concentric (CON)
MAD can be observed for the same repetition duration. Gil-
lies et al. [11] demonstrated that the group with the longest
of the CON action duration (6 s CON-2 s EXC) had signifi-
cant hypertrophy in type I and type II fibers, while the pro-
tocol group, with the longest of the EXC action duration (2 s
CON-6 s EXC), showed hypertrophy only in type I fibers.
However, there were no differences between groups in each
type of fiber. Moreover, the performance of both groups
increased similarly in the 1RM test in the inclined leg press
exercise.

Therefore, controlling MAD becomes essential to ensure
that any differences observed in the comparison of different
equivalent training protocols, varying only the of muscle
actions duration, are not due to the manipulation of the total
time under tension. Some authors have reported that, even
in protocols equalized by the volume of training, the repeti-
tion duration can directly influence acute responses [12] and
chronicle responses of strength training [10, 13]. Further-
more, Goto et al. [14], when comparing the acute response
in resistance training protocols, with the same repetition
duration and different combinations of CON and EXC mus-
cle actions, observed a greater metabolic response for the
protocol with longer CON duration. Although the authors
reported using a metronome to control the muscle actions
duration, they did not report the duration of these actions.
Gillies et al. [11] also reported using a metronome to control
the muscle action duration and did not report the duration
of muscle actions and repetitions. Moreover, these authors
have followed the progression of intensity by monitoring
an exercise (i.e., leg press); they did not report the values
of the three other exercises used in the training protocol.

To overcome some of the reported limitations, this study
monitored and recorded the muscle action duration and
used a single exercise, facilitating control over the equaliza-
tion of the training load associated with the protocol.

Therefore, this study is aimed at evaluating the profile of
chemokines and redox regulation in untrained women
before and after 10 weeks of resistance training in response
to similar protocols but with different muscle action dura-
tion. It was hypothesized that in both protocols, changes in
acute responses would be observed in the studied biomark-
ers, mainly with a longer CON muscle action duration, in
an equalized protocol, controlling and recording the muscle
action duration. Furthermore, greater responses of hypertro-
phy and muscle strength were also expected, especially for
the protocol with longer duration of CON muscle action,
in addition to an increase in antioxidant responses and
reduced chemokine response as an adaptation to strength
training.

2. Methods

2.1. Participants. Twenty-two untrained volunteers that
matched the following criteria were enrolled in this study:
(1) young female (18 to 35 years old) in oral contraceptive
use, (2) no cigarette smoking, and (3) absence of lower limb,
spinal, and pelvic musculoskeletal lesions in the six months
prior to the study. Volunteers were previously interviewed
and related do not practice strength exercise in the last six
months. Most of them practiced aerobic exercise (walking),
less than 3x per week, and they were distributed between
groups 1 and 2 of the study. The sample size calculation
was performed with the G∗Power for Windows version
3.1.9.2 (Düsseldorf, Germany) according to guidelines pro-
posed by Beck [15]. The a priori statistical power (1 − β) of
0.8 and 5% significance level were adopted. The study was
approved by the local ethics committee (CAAE
30594714.0.1001.5149) and carried out in accordance to
the Declaration of Helsinki.

2.2. Procedures. In the first session, a magnetic resonance
imaging exam was performed to assess muscle cross-
sectional area (CSA). After an interval of 0 to 48 h, one rep-
etition maximum (1RM) test was performed in the second
(familiarization) and third (pretest) experimental sessions.
After that, participants engaged the training intervention
differentiated only by muscle action duration (30 sessions
within 10 weeks). A trained clinical pathologist technician
collected 10mL of venous blood in the first and last training
sessions before and 30min after the end of the training exer-
cise, in a private and climatized room at UFMG. Blood was
collected in ethylenediaminetetraacetic acid (EDTA) tubes
(BD Vacutainer, Franklin Lakes, NJ, USA) centrifuged for
10 minutes at 1,500 × g in a refrigerated centrifuge (Thermo
Scientific, Sorvall X4 Pro). Plasma and erythrocytes, inde-
pendently, were collected and stored at -80°C for further
analysis. Magnetic resonance imaging was repeated for all
groups 72-120 h after the last training session, followed by
the 1RM test.
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2.3. 1RM Testing and Training Protocols. The 1RM test and
training sessions were performed on a seated knee extension
machine. The 1RM test was determined in the CON mode
with a maximum of six attempts and 180 s rest interval
was given between attempts [16]. The volunteer was asked
to perform the hard and fast force as possible, trying to reach
the 30° angle of knee extension (0° = full knee extension).
Thus, the 1RM value corresponded to the weight lifted in
the previous successful attempt. Based on the mean value
of 1RM test between the familiarization and pretest sessions,
the following intersession reliable values were obtained:
intraclass correlation coefficient ðICC½3,1�Þ = 0:98; standard
error of measurement = 3:07 kg; relative standard error of
measurement = 8:9%.

All individuals performed different resistance training
protocols for 10 weeks (3 times week with 48-72 h recov-
ery between sessions) and attended all the scheduled ses-
sions. Trainings occurred in different period of the day;
however, each woman kept her specific time to perform
this training for 10 weeks. Our decision to perform 10
weeks of training was based on previous studies whose
muscle hypertrophy in men and women started at 6 and
obtained its higher performance around 10 weeks of
strength exercises [17–19].

Generally, all protocols consisted of 3-5 sets (3 sets dur-
ing weeks 1-2; 4 sets during weeks 3-4; 5 sets during weeks 5-
10) of 6 repetitions at 50% of 1RM, 180 s rest between sets
and 6 s duration of the repetition. These training loads were
based on the prescription of Tanimoto & Ishii [10] and
adjusted following a pilot study (reducing the number of
repetitions and increasing the pause) to guarantee the feasi-
bility of training protocols which should be matched. How-
ever, experimental groups were differentiated by different
MAD: 5 s of concentric muscle action for and 1 s of eccentric
muscle action (group 5C-1E) and 1 s of concentric muscle
action for 5 s of eccentric muscle action (group 1C-5E)
(Table 1).

To control the variables related to the proposed training
protocol, the seated knee extension machine was adapted to
give access to muscle action duration and range of motion. A
potentiometer with 10 kΩ was fixed in the rotation axis of
the fixed lever of the knee extensor machine. The potentiom-
eter data was used to generate angle versus time curves and,
hence, to determine the range of motion and MAD during
the training sessions. Table 1 shows the proposed training
protocol and the protocol that was performed in each group.

At every two weeks, in the 7th, 13th, 19th, and 26th train-
ing sessions, 1RM test was performed before starting the
training session. These procedures are aimed at maintaining
the relative intensity (50% 1RM) within the proposed train-
ing protocol settings throughout 10 weeks of training. A 10-
minute rest period was established between the 1RM test
and the start of the training session. A metronome (auditive
feedback) and potentiometer data (visual feedback) were
used to guarantee MAD and range of motion throughout
the set.

2.4. Muscular Cross-Sectional Area. Measurements of body
mass, height, and fat percentage were performed. Fat per-
centage was evaluated using the skinfold technique, accord-
ing to the protocol used by Jackson and Pollock [20]. After
the initial evaluation, to assess muscle cross-section area,
participants were taken to the magnetic resonance image
exam at the Ecoar® Diagnostic Imaging Clinic (Belo Hori-
zonte, MG, Brazil). Participants were lying on a stretcher
with their muscles relaxed for at least 20 minutes before
the tests began. The magnetic resonance image recording
was performed on a Sigma HDX 1.5 Tesla device (GE Med-
ical System, USA) with a repetition time of 600ms, echo
time of 8.4ms, a slice thickness of 6mm, interslice gap of
0.6mm, field of view of 240mm, and resolution of 320 ×
256 pixels. The coronal and axial images were taken between
the major trochanter and the lateral epicondyle of the femur
on the right thigh. All images were stored for offline analysis

Table 1: The proposed training protocol and protocol that was actually performed in each group.

Training protocol
5C-1E 1C-5E

Scheduled

Set × repetitions 3 – 5 × 6 3 – 5 × 6
Intensity (%1RM) 50 50

Concentric muscle action duration (s) 5 1

Eccentric muscle action duration (s) 1 5

Range of motion of the knee (°) 70 70

Actually performed

Concentric muscle action duration (s) 4:8 ± 0:3 1:1 ± 0:2
Eccentric muscle action duration (s) 1:1 ± 0:2 4:9 ± 0:3
Range of motion of the knee (°) 71:3 ± 3:0 76:4 ± 7:3
Total volume load (kg) 16,013:3 ± 3,247:6 16,507:9 ± 2,637:1

Volume load = sumof all sessions ðnumber of total repetitions in the session ∗ load of sessionÞ; % 1RM: percentual of performance of one maximum repetition
test; 5C-1E: training protocol with 5 s concentric muscle action and 1 s of eccentric; 1C-5E: training protocol with 1 s concentric muscle action and 5 s of
eccentric.
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by two evaluators blinded for the treatments. The distance
between the trochanter major and epicondyle lateral of the
femur (femur length) was determined by the coronal images
of the Osirix 6.0 software. Axial slice images at 50% of the
femur length were used to measure CSA of rectus femoris
(RFCSA), vastus medialis (VMCSA), vastus lateralis (VLCSA),
and vastus intermedius (VICSA) for each participant. The
sum of the areas of these muscles was considered the CSA
of quadriceps femoris (QFCSA) (Figures 1(a) and 1(b)).

To minimize a possible modification on the image posi-
tion between pre- and posttests, extra images (one right
above and right below image) from the reference slice point
were also analyzed. The mean of 3 images was analyzed for
QF. Based on the mean value of the 3 CSA, the following
interrater reliable values were obtained: ICC = 0:98; standard
error of measurement = 1:4 cm2; relative standard error of
measurement = 2:8%.

2.5. Blood Collection and Chemokine Immunoassays. Circu-
lating levels of CCL2 and CXCL8 (PeproTech, USA) were
detected in plasma previously stored at -80°C. These bio-
markers were measured, in duplicate, by enzyme-linked
immunosorbent assay and following the manufacturers’ rec-

ommendations. The absorbance reading was performed on a
microplate reader (SpectraMax® 190, Molecular Devices,
CA, USA), using 450/630 nm ratio of wavelength.

2.6. Plasma Redox Analysis. To evaluate the blood redox
marker enzymes of redox regulation, lysis of erythrocyte
was performed according to Glass and Gershon [21]. The
supernatant of the erythrocyte lysate was used to analyze
the total protein content [22], the thiobarbituric acid reactive
substances (TBARS) [23], total antioxidant capacity by the
ferric reducing ability of plasma (FRAP) [24], and the activ-
ities of superoxide dismutase (SOD) [25] and catalase (CAT)
[26]. The absorbance reading was performed on a micro-
plate reader (SpectraMax® 190, Molecular Devices, CA,
USA), according to the recommended wavelength from each
manufacturer.

2.7. Muscle Injury Biomarkers. The activity of the lactate
dehydrogenase (LDH) and creatine kinase (CK) were mea-
sured using the kinetic method (LDH Liquiform and CK-
NAC Liquiform, Labtest), by an Olympus AU640 autoanaly-
zer (Olympus, Hamburg, Germany) using the manufactur-
er’s appropriate reagents. Calibration and quality control of
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Figure 1: Reference for evaluation of quadriceps magnetic resonance image (MRI) and resistance training results. (a) Image obtained from
the MRI of one of the volunteers, for reference of positioning of the cut points. The vertical line measures the size of the femur, and the
horizontal line represents 50% of the distance between the upper edge of the patella and the anterior superior iliac spine. (b) Image
obtained from the MRI of one of the volunteers. Cut to 50% of the distance between the upper edge of the patella and the anterior
superior iliac spine. The marking was performed through the Osirix 6.0 software to calculate the transverse section area of the rectus
femoris (RF), vastus lateralis (VL), vastus intermedius (VI), and vastus medialis (VM) muscles. Percent variation of performance in the
test of (c) one-repetition maximum (1RM) and of the (d) cross-sectional area (CSA) in the quadriceps muscle, for the training protocols:
group 1C-5E (1 s of concentric muscle action and 5 s of eccentric muscle action) and group 5C-1E (5 s of concentric muscle action and
1 s of eccentric muscle action). ∗p < 0:0001 = significant increase compared to measurements taken preexercise.
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the equipment were also performed according to the recom-
mended protocol.

2.8. Statistical Analysis. Initially, age, body mass, height, fat
percentage, and 1RM means at the beginning of the trial
were compared with t-tests, to confirm that there were no
differences between the two groups of volunteers assigned
to each training protocol. Training protocols were compared
by means of a two-way ANOVA model with repeated mea-
surements (factor 1 = group; factor 2 = time) and variables
transformed into relative responses: ðposttest − pretestÞ/
pretest ∗ 100. Models were fitted using the “Proc Mixed” of
the SAS software. A residual analysis was then performed,
and normality was verified with the Shapiro-Wilk test.
Whenever normality assumption did not hold, a search for
outliers was done, discarding observations with standardized
residues higher (in absolute value) than what would be
expected under normality, given the total number of obser-
vations. For some variables, outlier discarding was not suffi-
cient to attain normality, and so Box and Cox [27]
transformation was used. Finally, type 3 F-tests were carried
out to test the significance of the factors of the model. Type 3
F-tests are suitable when data sets are unbalanced and corre-
spond to the usual F-test whenever data are balanced. There
was no need of post hoc tests since each factor had only two
levels each. Effect sizes were calculated as Cohen’s d values
to further examine the magnitude of acute change in all var-
iables from pre- to postexercise. These values are reported to
reflect the magnitude of the differences in each treatment
where ≤0.20 was considered “trivial,” 0.21-0.49 “small,”
0.50-0.79 “moderate,” and ≥0.80 “large.”

3. Results

The volunteers were equally distributed according to the
result of the 1RM test, and there was no statistically signifi-
cant difference between the protocols for 1RM results
(p = 0:670) and for other sample characterization parameters
before beginning the training period (body mass p = 0:0:653
and body fat p = 0:518). In group 1C-5E, volunteers used
contraceptives for an average of 2:7 ± 1:4 years, with one
volunteer using single-phase combined contraceptives, 9
using two-phase combined contraceptives, and one using
injectable contraceptives. The mean time of use in group
5C-1E was 2:6 ± 1:8 years, with one volunteer using single-
phase combined contraceptives and 10 volunteers using
two-phase combined contraceptives.

After 10 weeks of training, although the two-way analy-
sis of variance for the 1RM test did not show significant
interaction (time × group, F1:21 = 3,370, p = 0:08), a signifi-
cant main effect was observed for time (F1:21 = 6,540, p <
0:001). There was an increase in performance, in percentage,
and in the 1RM test for both groups: 1C-5E (18:8 ± 13:1%;
d = 0:50) and 5C-1E (12:3 ± 9:6%; d = 0:95) (Figure 1(c))
when compared with the pretraining. The CSA of the quad-
riceps muscle (F1:20 = 0:030, p = 0:856), when compared
with the pretraining also presented an increase main effect
for time (F1:20 = 70:430, p < 0:001). 5:3% ± 3:0% (d = 0:39)
and 4:9 ± 3:5% (d = 0:34) are for the groups 1C-5E and

5C-1E, respectively (Figure 1(d)). However, no differences
were observed to the 1RM (Figure 1(c)) and CSA
(Figure 1(d)) concerning both training protocols. No signif-
icant interaction was observed in the activity of CK and
LDH enzymes (time × group: F1:12 = 0:030 and p = 0:865
and F1:18 = 0:010 and p = 0:934, respectively), and no signif-
icant main effects were observed for time and training
protocols.

Although no significant interaction effect was observed
in the analysis of SOD activity (time × group, F1:19 = 0:090,
p = 0:772), here was a significant main group effect
(F1:19 = 10:480, p = 0:004), with a greater percentage change
being observed in group 5C-1E (Figure 2(b)). No significant
interaction and main effects were observed for the other
redox status markers (CAT, TBARS, and FRAP)
(Figures 2(a), 2(c), and 2(d)).

No significant interaction effect of chemokines was
observed on the CCL2 profile (time × group, F1:32 = 0:030,
p = 0:870), as well as for the main effects of time and group
(time: F1:32 = 1:160, p = 0:289; group: F1:32 = 0:730, p = 0:400)
(Figure 3(a)). In CXCL8, although there were no significant
interaction effects (time × group, F1:37 = 0:570, p = 0:455)
and group effects (group, F1:37 = 0:490, p = 0:488), a signifi-
cant main effect of time was observed with reduction in the
29th training session (F1:37 = 27:440, p < 0:001) (Figure 3(b)).

4. Discussion

This study evaluated the inflammatory and redox regulation
profile of untrained women, before and after 10 weeks of
resistance training, in response to equalized protocols but
with different MAD. The main findings of this study show
that inflammatory responses and redox regulation are simi-
lar between equalized training protocols, and this profile
remained unchanged after 10 weeks of training. Moreover,
protocols with different MAD did not result in different
muscle hypertrophy and strength responses.

To ensure that any observed effect, both on muscle
hypertrophy and on inflammatory and redox responses,
was due to the different MAD, the training protocols
remained equalized in the number of sets, repetitions, repe-
tition duration, relative intensity of the exercise (adjusted at
the same times and based on the results of the 1RM tests),
range of motion, and rest interval. It should be noted that
visual and auditory stimuli were also provided to assist in
controlling the MAD, which were recorded and analyzed
during training sessions. Then, while Gillies et al. [11] estab-
lished the muscle action’s duration using a metrometer, in
this present study performed, this same variable was evalu-
ated using a potentiometer. The potentiometer registered
each muscle action and movement amplitude, allowing to
affirm that our data occurred in detriment of different
MAD between groups.

In this study, both protocols promoted adaptations of
strength and muscle hypertrophy without, however, show-
ing differences between them. These results do not corrobo-
rate the findings of Gillies et al. [11] who reported different
responses in the parameters used for muscle hypertrophy
in protocols with different MAD. Despite also using
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Figure 2: Continued.
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resistance training protocols with the same MAD and differ-
ent repetition durations, the study of Chazaud [28] uses 6-8
RM ranges in the configuration of the training protocols.
The application of these bands can cause a variation in
intensity between groups, as MAD influences the maximum
number of repetitions that can be performed for the same
relative intensity [14]. These differences in the configuration
of the training load may have impaired the equalization of
the protocols, leading to greater metabolic stress, as observed
by the higher concentrations of cortisol, thus explaining the

different results of hypertrophy for the group with longer
duration of CON action. Moreover, because muscle hyper-
trophy does not occur homogeneously between the quadri-
ceps femoris muscles [29], the different exercises for lower
limbs used in the study of Gillies et al. [11] could also have
contributed to the different results [30], mainly because
muscle hypertrophy was only analyzed in one region of the
vastus lateralis.

As with muscle hypertrophy, maximum strength gain
was similar for both training protocols. This finding is
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Figure 2: Percentage variation, at the beginning and after 10 weeks of resistance training, for (a) catalase (CAT), (b) superoxide dismutase
(SOD), (c) thiobarbituric acid reactive substances (TBARS), and (d) ferric reducing ability of plasma (FRAP); for the training protocols:
group 1C-5E (1 s of concentric muscle action and 5 s of eccentric muscle action) and group 5C-1E (5 s of concentric muscle action and
1 s of eccentric muscle action). &= difference between the two resistance training protocols (p = 0:004).
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supported by data from Guillies et al. [11]. The increase in
maximum strength is caused by the CSA and neural factors
[31]. As there were no differences in CSA between the two
groups, there would also be no difference in maximum
strength performance. Although experimental design of this
study does not allow us to make inferences about the neural
mechanisms of strength control, it is believed that any adap-
tation produced by the training protocols has similarly influ-
enced strength production.

As previously mentioned, studies that compared differ-
ent training strategies showed methodological gaps that
may interfere with the interpretation of the results [3, 9].

The phenotype of immune cells as well as the set of
inflammatory mediators released during resistance exercise
might define the inflammatory environmental inside the
muscle [3]. In this study, similar inflammatory responses
(CK, LDH, and chemokines) and redox status can be
attributed to the equality of training protocols. Thus, for
the studied sample, the impact of different MAD may
not have been enough to produce metabolic and endocrine
changes or even changes resulting from muscle damage
that would lead to an inflammatory profile and different
redox regulation between the proposed protocols. This is
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Figure 3: Percent change, at the beginning and after 10 weeks of resistance training, for the chemokines (a) CCL2 and (b) CXCL8, for the
training protocols: group 1C-5E (1 s of concentric muscle action and 5 s of eccentric muscle action) and group 5C-1E (5 s of concentric
muscle action and 1 s of eccentric muscle action). ∗ = difference between the two training sessions (p < 0:001).

8 BioMed Research International



because all the other variables in the training protocols
were equalized.

Although there was no difference in the inflammatory
responses (CK, LDH, CCL2, and CXCL8) and the redox reg-
ulation in the training protocols, there were variations in the
responses of these parameters as a function of the resistance
training. These results corroborate other studies that dem-
onstrated that resistance training can produce changes in
inflammation and redox regulation [1, 4, 32, 33].

Studies have demonstrated the importance of inflamma-
tory responses in muscle regeneration and hypertrophy ([8,
34],), as well as in the relationship between inflammatory
response and redox balance [5, 6]. Moreover, several authors
found differences in tissue and plasma responses to cyto-
kines after exercise [35, 36], thus suggesting that the absence
of plasma inflammatory marker overproduction does not
necessarily imply their nonparticipation in the adaptation
to training.

Regarding the adaptations that resistance training can
produce in inflammatory responses and redox regulation,
some studies have shown improvement in the antioxidant
capacity and the inflammatory profile [3, 4]. The lack of dif-
ference in the response variation in the last training session
and the first session, in a training with progressive load, sug-
gests that the proposed resistance training produced adapta-
tions in inflammation and the redox regulation. This is
because the same response was observed for a greater train-
ing load.

Although neutrophils are the most populous cells at the
beginning of the local inflammatory process, the response of
CXCL8 reduced in the last exercise session, which corrobo-
rates with Hirose [37]. Studies have demonstrated a wide
variation in the response of this chemokine in different types
of exercise, such as increased plasma concentration after
long-term aerobic exercises ([38],), no change, or even a
reduction after a resistance exercise [37, 39]. This variable
behavior would be associated with the changes produced
by different types of exercise (metabolic, endocrine changes,
etc.), as well as by the chemokine function itself (angiogene-
sis, neutrophil chemotaxis, etc.). Furthermore, some authors
suggest that the plasma response does not always result from
tissue changes, suggesting a paracrine effect, especially for
resistance exercises [35, 37].

Even with the methodological precautions taken, this
study has some limitations. Firstly, because it analyzed
hypertrophy in only one region of the quadriceps muscle,
other portions of the muscle may have shown different
responses. This aspect is reinforced by studies that identified
regional muscle hypertrophy after using different training
protocols [18, 40]. Moreover, the volunteers were not pro-
vided with a diet, being only asked to maintain the same die-
tary pattern 24 hours before the training sessions with blood
collection, and as this study uses a single monoarticular
exercise, its results must be interpreted with caution when
applied to other training proposals.

5. Conclusion

The results show that the equalized strength training proto-
cols proposed in this study, with different duration of muscle
actions and applied in untrained women, produced
responses from the analyzed chemokines and similar redox
regulation, and this profile remained unchanged after 10
weeks of training. As the training load is progressive, with
increased volume, maintaining this profile of chemokines
and redox regulation would suggest an adaptive response
to the proposed strength training. Finally, based on these
data, physical trainers can obtain consistent responses
related to the femoral quadriceps hypertrophy and increase
of maximum strength in the knee extension applying com-
bined training protocols with different duration of muscle
actions. However, further investigations concerning inflam-
matory responses using both training protocols should be
performed to a global comprehension of the muscle hyper-
trophic process.
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