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Abstract: Aim The aim of the study was to investigate acute and chronic effects of a two-week
eccentric concentric, dynamometric training concerning the time-course changes of blood antioxidant
parameters (total antioxidant capacity, catalase enzyme activity, thiol concentration), and to compare
the adaptability of young and older muscle to this type of training. Methods Seventeen moderately
trained young and older men participated in this research. Subjects performed six eccentric concentric
exercise bouts during the training period and maximal voluntary isometric contraction torque, plasma
CK and intensity of muscle soreness were determined before and 24 h after the first exercise. During
five testing sessions (baseline, 24 h, 48 h, week 1, week 2) the level of blood antioxidants were
measured. Results No significant changes were registered in total antioxidant capacity and catalase
enzyme activity for any time points; furthermore, no difference was found between groups during the
training period. However, total thiol concentrations measured two weeks after the first exercise bout
significantly differed between the young and elderly groups. Plasma CK and the subjective intensity
of soreness elevated significantly 24 h following the first training, while maximal voluntary isometric
contraction torque decreased at the same time. Conclusions Our results do not support previous
findings that chronic, short-term eccentric concentric training programs enhance the antioxidant
defense of well-trained older and young men. This type and setting of exercise did not cause a
different time course of changes in the markers of exercise-induced muscle damage (EIMD) in the
studied population. Subjects may already have adapted to maintain constant levels of antioxidants
and isometric torque due to their active lifestyle.

Keywords: antioxidants; eccentric; older adult; muscle damage; thiol

1. Introduction

The relationship between regular physical activity and healthy ageing is well-known [1].
With ageing, the limitation of mobility, progressive reduction in force and skeletal muscle
mass are measured, causing sarcopenia, which is associated with an increased chance of
fractures, physical and cognitive disabilities and mortality [2,3].
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Eccentric strength training with a higher mechanical force is more suitable to gain
strength and enhance muscle hypertrophy [4] among both the young and elderly. Well-
known consequences of single bout of eccentric exercise such as the magnitude of the
plasma EIMD markers (such as creatine kinase enzyme activity—CK) is greater in younger
adult, than in older adults [5]. In elderly people, short-term (two weeks) training may
cause changes in muscle properties (strength and size increase) [6] and function (impaired
muscle recovery); less effective metabolic adaptation [7] may differ from younger adults,
which may be related to the prevention of fragility and sarcopenia [2]. However, the
benefits of eccentric training [4] are not negligible even in old age. On the other hand, in
elderly subjects, oxidative stress might play an essential role in a higher susceptibility to
exercise-induced muscle damage, or longer recovery time and enhanced adaptation after
an eccentric exercise bout [7].

Regular training was shown to influence the level of oxidants and adequate levels
of total antioxidants positively to provide healthy aging and resulted in a higher level
of total antioxidant capacity (TAC) [8]. The TAC of plasma may refer to the redox status
of the human body [9]. Both acute exercise and regular training elevate TAC mainly by
changing the regulation of transcription and the synthesis of enzymatic and non-enzymatic
antioxidants in different cells [8]. Some data suggest that TAC remains unchanged during
and after training sessions (in three sessions per week for 8 weeks aerobic training) [10],
which might be explained by training intensity, frequency, timing, and other endogenous
factors [8].

The antioxidant defense system of the human body is divided into two parts: enzy-
matic (superoxide dismutase, catalase, thiolcontaining enzymes, etc.) and non-enzymatic
antioxidants (glutathione, uric acid, etc.) [11]. Catalase, belonging to the enzymatic an-
tioxidants might spread out of the damaged muscle into the bloodstream after eccentric
training. Two studies of young (18–23 years), healthy groups [12,13] focused on the effects
of single bout eccentric, dynamometric exercises (5 sets of 15 eccentric maximal voluntary
contractions) on the redox status of plasma, and found significantly higher serum catalase
enzyme activity (CAT) at 24 and 48 h post-exercise in both genders.

Total thiol concentration (TTC) responses in blood plasma is poorly investigated dur-
ing acute or chronic eccentric training, especially among elderly people, and the focus of re-
cent studies has been on supplementation with a cysteine donor (like N-acetylcysteine) [14]
to examine the performance-enhancing effects of thiol. Increase of plasma thiol [15] and
protein thiols [16] concentrations were observed after a single bout of acute exercise among
young adults. Rossi et al. [17] demonstrated similar resting TTC in different age-groups
while an age-dependent reduction in total protein thiol levels as well as an elevation in
cysteinylated and homocysteinylated plasma proteins was found, indicating that oxidative
stress is increased with age.

A limited number of studies have been performed so far enrolling active, healthy
elderly men and investigating the effects of short-term eccentric-concentric training on
plasma redox status and the parameters of the plasma antioxidant system compared to
young subjects.

In several studies, the beneficial effects of the long-term training [18] or single bout
of exercise [19] on levels of antioxidants have been described among elderly. There is
no evidence that short-term, eccentric concentric training has measurable effects on an-
tioxidants in old age, while due to the functional and molecular changes in muscles [6]
modifications in the antioxidant working mechanism are also expected. Considering the du-
ration of the physical therapy (regardless of type—geriatric, orthopedic, cardiopulmonary,
neurological-), this would be important information for physiotherapists, sport profession-
als, to know the short-term effect of training on redox balance among older adults.

Therefore, the aim of the present study was to (i) investigate the acute and short-
term chronic effects of a two-week eccentric concentric, dynamometric training on the
time-course changes of antioxidant parameters (plasma total antioxidant capacity, plasma



Int. J. Environ. Res. Public Health 2022, 19, 8889 3 of 9

catalase enzyme activity, plasma thiol concentration), as well as to (ii) compare the adapt-
ability of young and older muscle to this type of short-term training.

2. Materials and Methods
2.1. Participants

Seventeen healthy young and older adult men participated in the study. The young
individuals (n = 8; age: 24.56 ± 2.40 years) were moderately trained physical education
students, who did not participate in any competitive sports, but who regularly engaged
in physical activities. They performed physical activity 8–10 h per week. Older adults
(n = 9; age: 63.67 ± 5.34 years) were physically active in everyday routines and have not
been involved in regular strength training for years. However, all subjects performed
recreational sports activities (e.g., yoga, cycling, walking, swimming) regularly, at least
3 times a week. All subjects were requested to avoid any strenuous and unusual exercise
one week prior to and during the study.

Exclusion criteria were smoking, dietary supplementation, and taking medications in
the last three months before the study, and a current knee injury, previous hip surgery, and
existing muscle pain. They were not suffering from any apparent acute or chronic illnesses.
Subjects were asked to continue their usual diet and eating habits without modifying the
frequency and quantity of their meals.

One week before the first measurement, subjects were acquainted with the testing
equipment and protocol. Participants were given verbal and written information about
the experiment, their anonymity was preserved and they signed an informed consent to
participate in the study, which was approved by the Ethics Committee of our university
(Permission number: 4817) in accordance with provisions of the Helsinki Declaration.

2.2. Design and Procedures

All subjects performed six eccentric concentric knee extension exercise bouts during a
two-week training period. Five test sessions (baseline, 24 h, 48 h, 1 week as well as 2 weeks
after bout 1) were implemented. The following variables were measured: anthropometric
parameters (height, body weight, body mass index) only at baseline, knee extension torque
at maximal voluntary isometric contraction (MVC), level of blood antioxidants (TAC,
TTC, CAT) plasma CK and the intensity of subjective muscle soreness. All exercises and
measurements were performed between 9.00 and 12.00 a.m.; blood collection was always
performed first (Figure 1).
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2.3. Anthropometric Measurements

Baseline anthropometric parameters were measured. The body mass index (BMI) of
the participants was calculated using body height (Martin type anthropometer) and body
mass (Beurer BG-55 scale, Beurer GmbH, Ulm, Germany) data of subjects.

2.4. Quadriceps MVC Torque and Intensity of Muscle Soreness

Quadriceps MVC (maximal voluntary isometric contractions) torque was measured in
a seated position on a Multicont II isokinetic device (Mediagnost, Budapest and Mechatronic
Ltd., Szeged, Hungary) at onset and 24 h after the first exercise bout. Subjects performed
three MVCs with the right quadriceps at 70◦ knee flexion, within the range of the optimal
knee angles, with two minutes recovery between trials. They were instructed to generate
the highest possible torque, and the value of the best trial was used for statistical tests.

The subjective soreness of the knee extensor muscle group was estimated using a
visual analog soreness scale (consisting of a 50 mm line, where 0 is no pain at all, and 50 is
extreme pain) marked after the MVC test contractions at each testing session.

2.5. Blood Sampling and Analyses

Subjects were instructed not to eat 12 h before blood collection. Venous blood samples
were taken using EDTA-containing and plain, Vacutainer tubes at baseline, and at 24 h, 48 h,
1 week and 2 weeks following the first exercise bout. Blood samples were always taken
before exercise or test sessions. After clotting, samples were centrifuged at 1500× g for
10 min; plasma aliquots in 1.5 mL Eppendorf tubes were stored at −70 ◦C until analyses.

For CK enzymatic activity measurement, a kinetic optimized UV test was used in
the accredited routine clinical laboratory of the Department of Laboratory Medicine by
an automated clinical chemistry analyzer (Cobas Integra 400 Plus, Roche Diagnostics,
Hungary) with an interassay precision of less than 7% for the coefficient of variation. The
reference range of CK was 0–200 U/L.

The determination of plasma TAC was performed according to Lewinska et al. [20]
and TTC was measured by Lewinska and Bartosz [21]. The specific activity of catalase was
assessed by means of a well-established colorimetric assay [12]. The protein content of the
plasma was measured by a modified Lowry method.

2.6. Dynamometric Exercise Training

Subjects performed a two-week-long eccentric concentric dynamometric exercise
training with three scheduled exercise bouts per week. These bouts consisted of maximal
effort knee extensions performed on the same dynamometer, which was used for the
MVC tests.

After 5 min warming up on cycling ergometer (Ergoline 900, Ergometrics, Germany)
and stretching the knee extensors and hip flexors, subjects performed 4 sets of 15 repetitions
maximal eccentric concentric contractions with the right limb. Contractions were executed
between 20 and 80◦ angles of the knee, at a 60◦·s−1 constant angular velocity. A 1 s rest
was provided between contractions and 2 min between sets.

2.7. Statistical Analyses

For evaluating the normality of data, the Kolmogorov-Smirnov test was used. Each
variable showed a normal distribution, therefore a two-way (group by time) repeated
measures analysis of variance was applied. One-way repeated measures ANOVA tests
were used with Bonferroni post-hoc analyses to investigate the differences among the
two or the five measurement times. Significant differences between the two groups were
determined with independent samples t-test. For primary outcome variables, pre-post
change and pre-post percentage change were calculated between time points (pre-24 h,
pre-48 h, pre-week 1, pre-week 2). The statistical power was determined using the G power
3.1 software. Values are reported as mean ± standard error of the mean (SEM). The level of
significance was set at p < 0.05.
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3. Results

Table 1 presents anthropometric data and the decimal age of the experimental groups.
In accordance with the normal ageing processes, weight and BMI were significantly lower
among younger subjects, while the mean height was nearly equal in both groups. The
statistical power of the repeated measure ANOVA was found to be between 0.9 and 1.0
for the main outcome variables (MVC torque, plasma CK, subjective intensity of muscle
soreness, plasma TTC).

Table 1. Anthropometric parameters of the two experimental groups.

Young Group Old Group

Decimal age (years) 24.75 ± 0.88 63.67 ± 1.78

Height (m) 1.76 ± 0.03 1.76 ± 0.02

Weight (kg) 71.00 ± 2.28 * 81.22 ± 3.05 *

BMI (kg/m2) 23.00 ± 0.62 * 26.21 ± 0.75 *
* Significant (p < 0.05) difference between the two groups. MEAN ± SEM.

There was no significant group by time interactions concerning plasma CK, MVC
torque, and intensity of muscle soreness (Table 2), suggesting that changes were similar in
both groups. Significant (p < 0.05) time main effects were found in 24 h after the exercise
bout in measured CK, and significant MVC torque changes were also measured at 24 h after
the training when compared to baseline values, suggesting that the two groups responded
similarly. The subjective intensity of soreness applying a visual analog soreness scale
was significantly (p < 0.05) higher at 24 h after the first exercise bout when compared to
baseline values.

Table 2. Indirect muscle damage markers before and 24 h after the first exercise bout (MEAN ± SEM).

PRE 24 h

Young Group Old Group Total Young Group Old Group Total

MVC torque (Nm) 249.56 ± 14.23 209.72 ± 14.53 228.47 ± 11.06 * 219.13 ± 16.98 179.23 ± 13.38 198.00 ± 11.47 *

Plasma CK (U/L) 163.14 ± 57.12 103.44 ± 13.92 129.56 ± 26.22 * 549.14 ± 170.38 374.44 ± 96.05 456.76 ± 94.32 *

Intensity of
muscle soreness 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 # 24.00 ± 7.16.00 13.11 ± 3.10 18.24 ± 3.86 #

* Significant (p < 0.01) difference between combined values of the two groups. MEAN ± SEM. # Significant
(p < 0.05) difference between combined values of the two groups. MEAN ± SEM.

Neither group by time interaction nor significant group and time main effects were
found in plasma TAC (Figure 2a) and serum CAT (Figure 2c), suggesting that these two an-
tioxidant parameters were not sensitive to the two-week eccentric concentric training, and
were independent of age.

A significant group by time interaction was observed in plasma TTC. The post-hoc
analysis revealed a significant difference (p = 0.049) at two weeks following the first
exercise bout between the two groups: the young group had a significantly higher TTC
value. Meanwhile, participants (old and young groups also) had similar changes (absolute,
percentage) in thiol concentrations between each measurement time. In other time points,
we did not find differences in plasma thiol levels (Figure 2b) suggesting that the two groups
responded differently to the applied training.
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4. Discussion

Our research focused on the age-specific effects of a two-week eccentric concentric
dynamometric training on the time-course changes in conventional muscle damage markers
and antioxidant parameters.

In the present study, six exercise bouts induced no change in plasma TAC and serum
CAT in either of the experimental groups, suggesting age groups have similar antioxidant
function. However, we demonstrated that older adults respond with lower plasma TTC
measured two weeks after the first exercise bout, compared with the younger ones. As it
was expected, plasma CK and the subjective intensity of soreness elevated at 24 h following
the first training bout in both groups, while MVC torque decreased at the same time without
any age-specific changes.

In this study, similar responses in muscle damage markers (force reduction, plasma
CK, delayed onset muscle soreness) were detected both in young and old people at onset
and 24 h after the first exercise. We supposed that well-trained individuals of different
ages with almost the same fitness level (concerning the baseline MVC torque) suffered a
similar magnitude of muscle damage as a result of an eccentric concentric exercise bout. In
agreement with literature data, in the present study, an increase of CK, delayed onset of
muscle soreness symptoms, and strength loss following the first exercise bouts were found
due to EIMD in both groups [22]. Others described elevated EIMD markers (higher force
reduction, plasma CK, lactate dehydrogenase enzyme activity, muscle soreness) among
older women and men after an eccentric exercise bout [22,23]. Otherwise, in old age,
redox imbalance may cause a higher susceptibility to EIMD, or a less-effective recovery
and enhanced adaptation after an eccentric exercise bout [7]. It is well-known that, the
level of antioxidants is positively influenced by long-term training [18] or a single bout
of exercise [19] among elderly. There are no data as to whether the short-term, eccentric
concentric training has measurable effects on antioxidants in old age; due to the functional
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and molecular changes in muscles [6], modifications in antioxidant working mechanism
are also expected.

There was no difference in antioxidant (plasma TAC, serum CAT) responses between
groups in any time points, suggesting this result was independent of age. Supposedly,
both older and young might have already adapted, resting antioxidant levels due to their
active lifestyle, which might lead to similar level of antioxidants in the groups. However,
Chen et al. [24] described the age-dependent adaptation of the antioxidant system to oxida-
tive stress, and found aged muscles more susceptible to oxidative damage. Although, they
did not study trained muscles’ relation to changes in antioxidants function during ageing.

In our study, plasma TAC and serum CAT did not change after the first exercise bout,
as well after the two-week eccentric training, suggesting that it was not sensitive to the
applied training. Our findings are opposite to some literature data concerning the effects of
different training programs of oxidative stress markers among the ageing population. Some
have reported a decrease [18,25], while others have found no changes in the values [26].
The reasons for these contradictory findings might be the numerous influencing factors
of oxidative stress, such as muscle mass and the types of groups recruited, the modes
of contraction, exercise intensity and duration, and the exercising population [27]. In
our experimental setting (short-term training), there was no change in antioxidant levels
from baseline values, regardless of age, suggesting that the adaptation of antioxidant
mechanisms would require a longer time.

In general, the effectivity of regular training was proven with the increase of total
antioxidant concentrations and the reduction of oxidants [8], and the decreased suscepti-
bility to EIMD and dysfunction [23]. It is an important question as to whether the TAC of
well-trained older persons would rise after an acute exercise bout. Gwozdzinski et al. [15]
found an increase of plasma antioxidant capacity and plasma total thiols one hour after a
single bout of maximal exercise on a cycling ergometer among untrained, young males. The
plasma TAC level was influenced by physiological, psychological, pathological, environ-
mental and nutritional factors [9]. Theodorou et al. [13] observed an elevation in the plasma
TAC and CAT of young, healthy men after an isokinetic eccentric contraction session.
Resting plasma TAC and CAT were unchanged in recreationally trained and untrained
groups after 4 weeks of eccentric training performed on an isokinetic dynamometer [28].

In our study, the age-related difference in baseline TTC and changes between time
points in thiol concentration were not detected, but the applied eccentric concentric training
program may cause different TTC responses among young and older humans. Age-
related decreases (mainly from 60–70 years) in total protein thiols level are accompanied by
the elevation of S-thiolated protein concentrations, suggesting that the target proteins of
oxidative stress are often thiols [17]. Older individuals had a lower TTC, referring to the
lower antioxidant defense. Contrary to the previous studies, we assumed that by measuring
individuals with almost the same fitness level (concerning similar MVC torque) in different
age groups, similar resting antioxidant levels would be detected. Others described greater
oxidative damage accumulated in the aging body during short-term training, with the
balance between oxidative and antioxidant processes having shifted toward oxidants, as
oxidative stress and damage increase with age [29]. However, reduced oxidative stress
(measured by activity of antioxidant enzymes) may be related to physical fitness among
healthy elderly individuals [30].

A limitation of this work was that the investigated subjects were a small group of
elderly men with an outstanding fitness level; therefore, the conclusions of the study can
only be applied to similar, highly trained older adults.

5. Conclusions

In conclusion, we show similar antioxidant responses (except plasma TTC) in young
and older adults after a chronic, short-term eccentric concentric training program, either
because of the similar fitness level (concerning the baseline isometric torque) or EIMD
response. Furthermore, we supposed that antioxidant responses cannot be evoked in as
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short as two weeks. This type and setting of exercise did not cause a different time course
of changes in EIMD markers (plasma CK, MVC torque, intensity of muscle soreness) in
the studied population. Subjects may already have adapted baseline levels of antioxidants
and baseline isometric torque due to their active lifestyle. These findings support the
importance of regular training, especially in old ages.
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15. Gwoździński, K.; Pieniazek, A.; Brzeszczynska, J.; Tabaczar, S.; Jegier, A. Alterations in Red Blood Cells and Plasma Properties
after Acute Single Bout of Exercise. Sci. World J. 2013, 2013, 168376. [CrossRef]

16. Deminice, R.; Ribeiro, D.F.; Frajacomo, F.T.T. The Effects of Acute Exercise and Exercise Training on Plasma Homocysteine: A
Meta-Analysis. PLoS ONE 2016, 11, e0151653. [CrossRef]

17. Rossi, R.; Giustarini, D.; Milzani, A.; Dalle-Donne, I. Cysteinylation and homocysteinylation of plasma protein thiols during
ageing of healthy human beings. J. Cell. Mol. Med. 2008, 13, 3131–3140. [CrossRef]

18. Alikhani, S.; Sheikholeslami-Vatani, D. Oxidative stress and anti-oxidant responses to regular resistance training in young and
older adult women. Geriatr. Gerontol. Int. 2019, 19, 419–422. [CrossRef]

19. Nordin, T.C.; Done, A.J.; Traustadóttir, T. Acute exercise increases resistance to oxidative stress in young but not older adults.
AGE 2014, 36, 9727. [CrossRef]

20. Lewinska, A.; Wnuk, M.; Slota, E.; Bartosz, G. Total anti-oxidant capacity of cell culture media. Clin. Exp. Pharmacol. Physiol. 2007,
34, 781–786. [CrossRef]

21. Lewinska, A.; Bartosz, G. A role for yeast glutaredoxin genes in selenite-mediated oxidative stress. Fungal Genet. Biol. 2008, 45,
1182–1187. [CrossRef] [PubMed]

22. Jiménez-Jiménez, R.; Cuevas, M.J.; Almar, M.; Lima, E.; García-López, D.; De Paz, J.A.; González-Gallego, J. Eccentric training
impairs NF-κB activation and over-expression of inflammation-related genes induced by acute eccentric exercise in the elderly.
Mech. Ageing Dev. 2008, 129, 313–321. [CrossRef] [PubMed]

23. Ploutz-Snyder, L.; Giamis, E.; Formikell, M.; Rosenbaum, A. Resistance training reduces susceptibility to eccentric exercise-
induced muscle dysfunction in older women. J. Gerontol. Ser. A 2001, 56, B384–B390. [CrossRef] [PubMed]

24. Chen, C.N.; Brown-Borg, H.M.; Rakoczy, S.G.; Thompson, L.D.V. Muscle disuse: Adaptation of antioxidant systems is age
dependent. J. Gerontol. Ser. A 2008, 63, 461–466. [CrossRef]

25. Rao, D.V.; Boyle, G.M.; Parsons, P.G.; Watson, K.; Jones, G.L. Influence of ageing, heat shock treatment and in vivo total antioxidant
status on gene-expression profile and protein synthesis in human peripheral lymphocytes. Mech. Ageing Dev. 2002, 124, 55–69.

26. Carru, C.; Da Boit, M.; Paliogiannis, P.; Zinellu, A.; Sotgia, S.; Sibson, R.; Meakin, J.R.; Aspden, R.M.; Mangoni, A.A.; Gray, S.R.
Markers of oxidative stress, skeletal muscle mass and function, and their responses to resistance exercise training in older adults.
Exp. Gerontol. 2018, 103, 101–106. [CrossRef]

27. Gomes, E.C.; Silva, A.N.; De Oliveira, M.R. Oxidants, Antioxidants, and the Beneficial Roles of Exercise-Induced Production of
Reactive Species. Oxidative Med. Cell. Longev. 2012, 2012, 756132. [CrossRef]

28. Theodorou, A.A.; Nikolaidis, M.G.; Paschalis, V.; Koutsias, S.; Panayiotou, G.; Fatouros, I.G.; Koutedakis, Y.; Jamurtas, A.Z. No
effect of antioxidant supplementation on muscle performance and blood redox status adaptations to eccentric training. Am. J.
Clin. Nutr. 2011, 93, 1373–1383. [CrossRef]

29. Cui, H.; Kong, Y.; Zhang, H. Oxidative Stress, Mitochondrial Dysfunction, and Aging. J. Signal Transduct. 2012, 2012, 646354.
[CrossRef]

30. Traustadóttir, T.; Davies, S.S.; Su, Y.; Choi, L.; Brown-Borg, H.M.; Roberts, L.J., II; Harman, S.M. Oxidative stress in older adults:
Effects of physical fitness. Age 2012, 34, 969–982. [CrossRef]

http://doi.org/10.1097/WOX.0b013e3182439613
http://doi.org/10.1249/MSS.0b013e3181c67ecd
http://doi.org/10.1186/s12970-017-0168-9
http://doi.org/10.1155/2013/168376
http://doi.org/10.1371/journal.pone.0151653
http://doi.org/10.1111/j.1582-4934.2008.00417.x
http://doi.org/10.1111/ggi.13636
http://doi.org/10.1007/s11357-014-9727-z
http://doi.org/10.1111/j.1440-1681.2007.04637.x
http://doi.org/10.1016/j.fgb.2008.05.011
http://www.ncbi.nlm.nih.gov/pubmed/18614384
http://doi.org/10.1016/j.mad.2008.02.007
http://www.ncbi.nlm.nih.gov/pubmed/18377953
http://doi.org/10.1093/gerona/56.9.B384
http://www.ncbi.nlm.nih.gov/pubmed/11524439
http://doi.org/10.1093/gerona/63.5.461
http://doi.org/10.1016/j.exger.2017.12.024
http://doi.org/10.1155/2012/756132
http://doi.org/10.3945/ajcn.110.009266
http://doi.org/10.1155/2012/646354
http://doi.org/10.1007/s11357-011-9277-6

	Introduction 
	Materials and Methods 
	Participants 
	Design and Procedures 
	Anthropometric Measurements 
	Quadriceps MVC Torque and Intensity of Muscle Soreness 
	Blood Sampling and Analyses 
	Dynamometric Exercise Training 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

