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ABSTRACT

Purpose. Investigate free radical production and antioxidant buffering in military pentathletes’ saliva after their performance
of a standardized, running-based anaerobic sprint test (RAST). Methods. Seven members of the Brazilian Navy pentathlon
team were recruited to perform a running-based anaerobic test (~90 sec). The participants provided samples of saliva before
and after the test that were analyzed for biomarkers of oxidative stress such as lipid peroxidation, total antioxidant capacity and
the quantity of two specific antioxidants, glutathione and uric acid. Results. The lipid peroxidation increased ~2 fold after
RAST, despite an increase in total antioxidant capacity (46%). The concentration of reduced glutathione did not change, while
the uric acid concentration increased by 65%. Conclusions. The evaluation in saliva following a sprint test that lasted no more
than 90 sec was sensitive enough to reveal changes in redox state.
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Introduction

Free radicals are not intrinsically harmful to health:
low-to-moderate concentrations play multiple regula-
tory roles in gene expression, cell signaling, and skele-
tal muscle force production [1, 2]. However, if there is
an imbalance between production of free radicals and
antioxidant capacity, oxidative stress occurs and can
provoke tissue damage [3, 4].

Anaerobic and aerobic exercise can both increase free
radical formation. Prominent among mechanisms of
free radical production during anaerobic exercise are
mitochondrial leakage, ischemia-reperfusion response
and leukocyte activation [5, 6], so a short burst of in-
tense anaerobic exercise can be effective in generating
oxidative stress as assessed by xanthine oxidase activity
and markers for lipid peroxidation, protein carbonyla-
tion, and DNA oxidation, as well as total antioxidant
capacity [5]. Strenuous aerobic exercise induces an in-
crease in lipid peroxidation in human plasma [1], likely
generated by hydroxyl radical attack on polyunsatu-
rated fatty acids [5].

Providing blood samples increases stress in athletes
that can limit their willingness to participate in scien-
tific studies, especially during competition. This study
examines oxidative stress, for the first time in military
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athletes training for an international competition called
the naval pentathlon, using a non-invasive analysis of
saliva. The naval pentathlon consists of five different tests
performed on consecutive days. The tasks require in-
tense anaerobic effort and in some cases apnea. There is
very little published about reactive oxygen species (ROS)/
antioxidant balance in saliva of high-level anaerobic
athletes. We hypothesized that saliva samples are suit-
able as biological material to monitor changes in bio-
markers for free radical generation and total antioxi-
dant capacity. Saliva samples were collected before and
after a short test, RAST (running-based anaerobic sprint
test), and used to assess anaerobic performance during
the training period [7].

Material and methods
Subjects

Subjects were seven military athletes of the Brazilian
Navy, all of them experienced in international compe-
tition in naval pentathlon. They were engaged in the
final weeks of training for a series of international tour-
naments. The team with five men and two women
volunteered to participate in the study. Their written
informed consents were obtained after explanation of
the purpose, benefits and potential risks to the subjects.
All military personnel are submitted to periodic medical
and odontological examinations. The results of the oral
health evaluation were used to exclude any athletes
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showing symptoms of oral inflammation, periodontitis
or gingivitis.

The diet of all participants during the week prior
to testing was the same and obtained from the military
facility, which was controlled by a military nutricionist
to meet the energy demands of the armed services. Sub-
jects were instructed not to ingest supplemental vitamins
or antioxidants. In addition, each was instructed to avoid
smoke and heavy physical exercise for 1h prior to testing.
The experimental protocol was approved by the Ethics
Committee of Clementino Fraga Filho Hospital of the
Federal University of Rio de Janeiro.

Aerobic capacity and anthropometric
measurements

Maximal oxygen consumption (VO,,,) was estimated
on a synthetic outdoor track several days before the RAST,
applying the distance run in 12 min to the Cooper [8]
regression equation. The results are presented in relative
rate in milliliters of oxygen per kilogram of body weight
per minute (Table 1). Skinfold thickness was measured
as described in Pollock and Jackson [9]. Body fat per-
centage was determined using the Siri [10] equation.

Exercise test

The RAST, a single set applied individually, was per-
formed outdoors on grass. It consisted of 5 min of very
light warm-up (stretching and jogging) followed by 6 x
35-m sprints as fast as possible, with 10 s between sprints,
and the last sprint followed by 5 min of cool-down. The
power generated in each sprint was calculated by the
formula Power (W) = (Body mass x Distance?)/Time?,
normalized to body weight (Table 2).

Table 1. Anthropometric characteristics
and aerobic capacity

Mean + SD Range
Age (yr) 27.1+5.4 21-31
Body mass (kg) 65.3+6.6 53.8-72.2
Height (cm) 170 £ 10 160-185
BMI* (kg/m?) 21.9+£0.8 20.7-23.2
Body fat (%) 10.2 +5.6 3.9-20.3
VOymax (mL/kg - min) 61.9 £12.0 44.6-73.7

* body mass index = mass(kg)/(height(m))?

Table 2. Measures of performance in the RAST

Mean £ SD  Range

Peak power per weight (W/kg) 6.5+1.4 4.4-79
Average power per weight (W/kg) 54 +1.1 3.8-6.7
Minimum power per weight (W/kg) 4.6 +1.1  3.0-5.9

Power (in watts) is normalized to body weight (kg).

Collection of saliva

To avoid contamination, the subjects washed their
mouths with deionized water before the collection
and then chewed a piece of cotton wool for 1 min.
Saliva samples were collected before and 5 min after
the RAST as suggested by several papers [11-13]. After
being collected, the samples were transported on ice
to the laboratory and centrifuged at 3,000 x g for 10
min at 4°C. Supernatants were separated from pellets
and stored at — 20°C.

Lipid peroxidation assay

The lipid peroxidation assay was performed as de-
scribed by Zalavras et al. [14] with slight modification.
One hundred microliters of saliva supernatant was mixed
with 500 pL TCA (35%, w/v) and 500 pL Tris-HCI
(200 mM, pH 7.4) and incubated for 10 min at room
temperature. One milliliter of a solution containing
55 mM thiobarbituric acid in 2 M Na,SO, was added
and the samples were incubated at 95°C for 45 min
and then cooled on ice for 5 min. After the addition of
1 mL TCA (70%, w/v) they were vortexed and centri-
fuged at 15,000 x g for 3 min. The absorbance of the
supernatant was read at 530 nm and TBARS concen-
tration was calculated using an extinction coefficient
of e = 0.156 pM™"- cm™. Values were expressed in pM.

Total antioxidant capacity

The total antioxidant capacity was measured as in
Georgakouli et al. [15], using 20 pL saliva, 480 pL sodi-
um-potassium phosphate (10 mM, pH 7.4) and 500 puL
2,2-diphenyl-1-picrylhydrazyl (DPPH, 0.1 mM), incu-
bated in the dark for 30 min and centrifuged for 3 min
at 20,000 x g. The absorbance A. was read at 520 nm
and compared with Ay, absorbance of a reference sample
containing only 20 uL water, DPPH and buffer. Percent-
age reduction of the DPPH (Q) was defined by Q =
100(A,— A)/A[16].

Determination of GSH in saliva

One hundred microliters of saliva was added to
200 pL of a 10% solution of TCA, vortexed and cen-
trifuged at 4,000 x g for 10 min at 10°C. To 200 uL of the
supernatant was added 700 pL of 400 mM Tris-HCI
buffer, pH 8.9, followed by 100 pL of 2.5 mM DTNB
dissolved in 40 mM Tris-HCI buffer, pH 8.9. The sam-
ples were incubated for 10 min at room temperature
and the absorbance was measured at 412 nm. Blanks
contained water instead of saliva. The concentration
of GSH in the samples was read from a GSH standard
curve (0.8 pM - 4 uM) [17].
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Uric acid in saliva

Urate concentration in saliva was analyzed by a uric
acid assay kit (Doles Urato 160, Goiania, GO, Brazil)
based on the amount of H,O, produced when urate is
converted to allantoin by uricase.

Statistical analysis

Pre- and post-test samples were compared using Stu-
dent’s paired t-test. Data normality was verified with
the Shapiro-Wilk test, which showed that non-parametric
test was not required. The power of the performed tests
with an a = 0.05 was 1.000 to TBARS, 0.735 to DPPH,
0.999 to uric acid and 0.098 to GSH. Correlation be-
tween variables were assessed by Pearson’s correlation
coefficient. For all analyses, statistical significance was
indicated when p < 0.05. Standard errors are reported,
except for anthropometric characteristics, aerobic ca-
pacity and measures of performance in the RAST.

Results

Correlation between aerobic and anaerobic
performance

The subjects showed a high VO,,,..,, as presented in
Table 1. Anaerobic power was assessed during each RAST
sprint (Table 2). The correlation coefficient between
peak anaerobic power and previously determined VO,
for each subject was high (r = 0.94, Figure 1).

Lipid peroxidation in saliva

In this study the peroxidation of fatty acids was
assessed by an assay for thiobarbituric acid-reactive
substances (TBARS). After the RAST, the lipid peroxi-
dation was ~2 times higher than at rest (Figure 2). In
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Figure 1. Correlation between aerobic and anaerobic
power for each athlete presented a R2 = 0.8885
and a correlation coefficient of 0.94 (n =7), p < 0.05
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Figure 2. The anaerobic test RAST induces oxidative stress.
Mean £ S.E. (n=7), *p <0.05

the pre-test condition the value obtained was 0.9 pM +
0.2 pM and five minutes after six sprints the value was
1.9 uM + 0.2 pM.

Total antioxidant capacity

To evaluate the overall antioxidant response to the
RAST, which as shown above generated a substantial
lipid oxidation, we measured the quenching of DPPH
absorbance after the addition of saliva. This measure of
total antioxidant capacity increased by 46.6% (Figure 3).

Non-enzymatic antioxidant system

To evaluate the contribution of the non-enzymatic
antioxidant system to the increment observed in total
antioxidant capacity, we evaluated the salivary glutathione
and uric acid. There was no significant change in glu-
tathione status (Figure 4A), but uric acid increased by
65.6%, from 178.9 uM = 21.4 pM to 293.5 pM + 9.4 pyM
(Figure 4B).
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Figure 3. RAST increases the total antioxidant capacity
in athletes’ saliva. Mean + S.E. (n = 7), *p < 0.05
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Figure 4. Antioxidant biomarkers. A) Glutathione (GSH);
B) Uric acid. Mean = S.E. (n =7), *p < 0.05

Discussion

The aim of this study was to investigate free radical
production and antioxidant buffering in military pen-
tathletes’ saliva after an anaerobic test, RAST. The run-
ning-based anaerobic sprint test is designed to assess
anaerobic power in sports that mostly use running [7].

The athletes evaluated had a high VO,,,,s, commonly
accepted as a key indicator of the endurance capacity.
The two women averaged 45.0 £ 0.5 mL/kg - min and
the men 69.0 + 4.0 mL/kg - min. The values for the men
were equivalent to those reported for male triathletes
(67.6 £ 4.5 mL/kg - min) [18] and a European team of
naval pentathlon athletes (74.0 mL/kg - min) [19].

The naval pentathlon is an intense sequence of five
anaerobic tasks performed on consecutive days: obstacle
race, life-saving swimming race, utility swimming race,
seamanship race and amphibious cross-country race.
They range from about 60 s (life-saving race) to 10-12 min
(cross-country race). The RAST is an intense anaerobic
test but it is short and the effort level is lower than the
actual naval pentathlon competition. Other authors
have studied metabolic parameters after application
of a modified RAST protocol, but they did not meas-

ure redox status [20]. The RAST has not been exploited
for assessment of biochemical changes in athletes, al-
though it is frequently used to predict running perfor-
mance, with high correlations for 35, 50, 100, 200 and
400 meters [7]. During a pentathlon competition the
distance covered by running varies in different tests
from 280 to 900 meters. Although the RAST is shorter it
was able to provide a measure of pro-oxidant and anti-
oxidant status in well-trained athletes in a controlled
test condition.

In an intermittent high-intensity test such as the RAST,
major sources for ATP replacement are initially phos-
phocreatine hydrolysis and glycolysis, but a shift toward
oxidative metabolism to replenish ATP has been demon-
strated for later trials in a sequence of sprints [21]. We
observed a high correlation between VO, and an-
aerobic power, consistent with a role for aerobic power
in anaerobic performance, and suggesting the impor-
tance of such a shift during the RAST, as observed for
other anaerobically trained athletes, for example, judo
players performing an anaerobic judo test that lasted
60 s [22].

Very few studies have proposed saliva as an alterna-
tive source to evaluate oxidative stress biomarkers and
antioxidant adaptation induced by exercise [11], and
Deminice et al. [12] emphasized the differences between
redox profiles of plasma and saliva. However, the main
finding in our study was that saliva of trained athletes,
following an anaerobic test, reveals an increase in lipid
peroxidation (TBARS) and at the same time an increase
in the antioxidant capacity that can be attributed pri-
marily to uric acid (UA) — consistent with published data
obtained using serum or plasma. Under hydroxyl radical
attack the double bonds in polyunsatured fatty acid of
biological membranes can degrade membrane structure
with loss in physiological function and cellular disrup-
tion [2, 23]. The increase in lipid peroxidation after six
sprints shows that mechanism for free radical produc-
tion can override antioxidant defenses even in highly
trained athletes, and this can be seen clearly in saliva.

After the RAST, the quenching of DPPH, a measure
of total antioxidant capacity, was 46% higher than at
rest (Figure 3). These data show that although these
athletes undergo substantial lipid peroxidation (Fig-
ure 2), the total antioxidant capacity was not used up.

Wayner et al. [24] have assigned total peroxyl trap-
ping in human plasma to uric acid (35-65%) and the
thiols of plasma proteins (10-50%), with minor roles
for ascorbic acid and vitamins. An increase in TBARS
and/or UA concentrations post-exercise has been found
in other studies [11, 12, 25], but in agreement with our
observations there were no large changes in GSH. It is
worth noting that a large decrease in GSH was record-
ed in the cases where whole blood was analyzed [25],
suggesting that the use of saliva has the advantage of
avoiding artifacts due to hemolysis or contamination
with erythrocytes.
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In our study the GSH concentration did not change
(Figure 4A), as also reported by Deminice et al. [12],
who tested saliva of healthy well-trained males after
a 40-min session of anaerobic resistance exercise. Even
prolonged aerobic exercise of moderate intensity was not
able to alter GSH concentration in skeletal muscle in
healthy adults [26]. Thus GSH appears to be tightly reg-
ulated, with secretion from liver to plasma designed
to ensure homeostasis in blood [27]; in our study the
concentration in saliva also appeared to be tightly con-
trolled. In another study that assessed anaerobic resist-
ance training, Margonis et al. [25] found a decrease in
GSH concentration in the blood only in association with
overtraining. Wiecek et al. [28] did not measure any
alteration in GSH plasma concentration 3 min after the
anerobic exercise, which is in line with the saliva meau-
rements presented here, although the authors showed
a reduction after 15 min up to 24h. Since our data only
includes a collection at 5 min post aerobic exercise, this
time dependent effect cannot be ruled out. Further ex-
periments need to be performed to evaluate the time
dependent behavior of GSH levels in saliva.

Physical exercise triggers antioxidant adaptations
[1, 29] that upregulate expression of endogenous anti-
oxidant enzymes such as eNOS, MnSOD and iNOS
expression [1, 30] as well as increases the non-enzymatic
antioxidants [2]. Foti and Amorati [31] showed that uric
acid accounted for one-third of the increase in antioxi-
dant capacity suggesting that our observed increment
in uric acid content in saliva represented an increase in
total antioxidant capacity. Electron spin resonance and
chemical studies indicate that uric acid can react with
peroxyl radical, providing scavenging abilities [31]. This
chemical feature may mean that uric acid helps to con-
trol oxidative stress generated by exercise, at the same
time reflecting greater ATP flux associated with elevated
energy requirements. Purine catabolism increases and
the higher concentrations of sub-products of this me-
tabolism are formed [32]. Xanthine oxidoreductase is
a key intracellular enzyme of purine metabolism. Its oxi-
dase form is responsible for converting hypoxanthine
to xanthine and xanthine to acid uric [33]. The purine
cycle generates superoxide, hydrogen peroxide, and the
reactive hydroxyl molecule [34], but uric acid itself is
a potent non-enzymatic antioxidant [25]. Formed in
the liver from hypoxanthine, it is released to the blood
and either excreted or taken up by muscle, where it scav-
enges hydroxyl radical [35].

Conclusions

Based on the results of this study, it can be concluded
that this study shows that it is possible to obtain a pro-
file of redox state using a non-invasive approach associ-
ated with a short anaerobic test. RAST triggers free radical
production, as evaluated by lipid peroxidation in saliva,
and at the same time reveals an increasead antioxidant
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capacity as a sub-acute adaptation to a short series of
sprints.

Acknowledgements

This work was supported by grants from Funda¢io de Am-
paro a Pesquisa do Estado do Rio de Janeiro (FAPER]). We
wish to thank Capt. Cyro Coelho (Coach) and the Brazilian
pentathlon naval’s team for their sincere cooperation.

References

1. Gomez-Cabrera M.C., Domenech E., Vifia J., Moderate
exercise is an antioxidant: upregulation of antioxidant
genes by training. Free Radic Biol Med, 2008, 44 (2),
126-131, doi: 10.1016/j.freeradbiomed.2007.02.001.

2. Powers S.K., Ji L.L., Kavazis A.N., Jackson M.]., Reactive
oxygen species: impact on skeletal muscle. Compr Physiol,
2011, 1 (2), 941-969, doi: 10.1002/cphy.c100054.

3. Saborido A., Naudi A., Portero-Otin M., Pamplona R.,
Megias A., Stanozolol treatment decreases the mito-
chondrial ROS generation and oxidative stress induced
by acute exercise in rat skeletal muscle. | Appl Physiol
(1985), 2011, 110 (3), 661-669, doi: 10.1152/japplphys-
i01.00790.2010.

4. Aoi W., Naito Y., Yoshikawa T., Role of oxidative stress
in impaired signaling associated with exercise-induced
muscle damage. Free Radic Biol Med, 2013, 65, 1265-
1272, doi: 10.1016/j.freeradbiomed.2013.09.014.

5. Fisher-Wellman K., Bloomer R.]J., Acute exercise and
oxidative stress: a 30 year history. Dyn Med, 2009, 8 (1),
doi: 10.1186/1476-5918-8-1.

6. Nikolaidis M.G., Jamurtas A.Z., Blood as a reactive spe-
cies generator and redox status regulator during exer-
cise. Arch Biochem Biophys, 2009, 490 (2), 77-84, doi:
10.1016/j.abb.2009.08.015.

7. Zagatto A.M., Beck W.R., Gobatto C.A., Validity of the
running anaerobic sprint test for assessing anaerobic
power and predicting short-distance performances.
J Strength Cond Res, 2009, 23 (6), 1820-1827, doi:
10.1519/JSC.0b013e3181b3df32.

8. Cooper K.H., A means of assessing maximal oxygen
intake. Correlation between field and treadmill testing.
JAMA, 1968,203 (3), 201-204, doi: 10.1001/jama.1968.
03140030033008.

9. Pollock M.L., Jackson A.S., Practical assessment of body
composition. Phys Sportsmed, 1985, 13 (5), 88.

10. Siri W.E., Body composition from fluid spaces and den-
sity: analysis methods. In: Brozek J., Henschel A. (eds.),
Techniques for measuring body composition. National
Academy of Sciences National Research Council, Wash-
ington 1961, 223-244.

11. Gonzalez D., Marquina R., Rondén N., Rodriguez-Mala-
ver A.]., Reyes R., Effects of aerobic exercise on uric acid,
total antioxidant activity, oxidative stress, and nitric
oxide in human saliva. Res Sports Med, 2008, 16 (2),
128-137, doi: 10.1080/15438620802103700.

12. Deminice R., Sicchieri T., Paydo P.O., Jorddo A.A., Blood
and salivary oxidative stress biomarkers following an acute
session of resistance exercise in humans. Int J Sports
Med,2010,31(9),599-603,d0i:10.1055/s-0030-1255107.

13. Damirchi A., Saati Zareei A., Sariri R., Salivary antioxi-
dants of male athletes after aerobic exercise and garlic
supplementation on: a randomized, double blind, placebo-



HUMAN MOVEMENT

M. de Lima Sant’Anna et al., Redox balance in athlete’s saliva

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

controlled study. J Oral Biol Craniofac Res, 2015, 5 (3),
146-152, doi: 10.1016/j.jobcr.2015.08.001.

Zalavras A., Fatouros I.G., Deli C.K., Draganidis D., The-
odorou A.A., Soulas D. et al., Age-related responses in
circulating markers of redox status in healthy adoles-
cents and adults during the course of a training macro-
cycle. Oxid Med Cell Longev, 2015, 2015, 283921, doi:
10.1155/2015/283921.

Georgakouli K., Manthou E., Fatouros 1.G., Deli C.K.,
Spandidos D.A., Tsatsakis A.M. et al., Effects of acute ex-
ercise on liver function and blood redox status in heavy
drinkers. Exp Ther Med, 2015, 10 (6), 2015-2022, doi:
10.3892/etm.2015.2792.

Molyneux P., The use of the stable free radical diphenyl-
picrylhydrazyl (DPPH) for estimating antioxidant activity.
Songklanakarin J Sci Technol, 2004, 26 (2), 211-219.
Available from: http://rdo.psu.ac.th/sjstweb/journal/26-
2/07-DPPH.pdf.

Look M.P., Rockstroh J.K., Rao G.S., Kreuzer K.-A.,
Barton S., Lemoch H. et al., Serum selenium, plasma glu-
tathione (GSH) and erythrocyte glutathione peroxidase
(GSH-Px)-levels in asymptomatic versus symptomatic hu-
man immunodeficiency virus-1 (HIV-1)-infection. Eur J
Clin Nutr, 1997, 51 (4), 266-272. Available from: http://
www.nature.com/ejcn/journal/v51/n4/pdf/1600401a.pdf.
Hough J., Robertson C., Gleeson M., Blunting of exercise-
induced salivary testosterone in elite-level triathletes with
a 10-day training camp. Int J Sports Physiol Perform,
2015, 10 (7), 935-938, doi: 10.1123/ijspp.2014-0360.
Groger M., Oter S., Simkova V., Bolten M., Koch A., War-
ninghoff V. et al., DNA damage after long-term repetitive
hyperbaric oxygen exposure. ] Appl Physiol (1985),2009,
106 (1), 311-315, doi: 10.1152/japplphysiol.90737.2008.
Ghanbari-Niaki A., Kraemer R.R., Soltani R., Plasma nes-
fatin-1 and glucoregulatory hormone responses to two
different anaerobic exercise sessions. Eur J Appl Physiol,
2010, 110 (4), 863-868, doi: 10.1007/s00421-010-1531-6.
Larsen R.G., Maynard L., Kent J.A., High-intensity inter-
val training alters ATP pathway flux during maximal muscle
contractions in humans. Acta Physiol (Oxf), 2014, 211 (1),
147-160, doi: 10.1111/apha.12275.

Franchini E., Nunes A.V., Moraes J.M., Del Vecchio E.B.,
Physical fitness and anthropometrical profile of the Bra-
zilian male judo team. J Physiol Anthropol, 2007, 26 (2),
59-67, doi: 10.2114/jpa2.26.59.

Chen X., Guo C., KongJ., Oxidative stress in neurodegene-
rative diseases. Neural Regen Res, 2012, 7 (5), 376-38S5,
doi: 10.3969/j.issn.1673-5374.2012.05.009.

Wayner D.D., Burton G.W., Ingold K.U., Barclay L.R.,
Locke S.J., The relative contributions of vitamin E, urate,
ascorbate and proteins to the total peroxyl radical-trap-
ping antioxidant activity of human blood plasma. Biochim
Biophys Acta, 1987,924 (3),408-419, doi:10.1016/0304-
4165(87)90155-3.

Margonis K., Fatouros 1.G., Jamurtas A.Z., Nikolaidis M.G.,
Douroudos I., Chatzinikolau A. et al., Oxidative stress bio-
markers responses to physical overtraining: implications
for diagnosis. Free Radic Biol Med, 2007, 43 (6), 901-910,
doi: 10.1016/j.freeradbiomed.2007.05.022.
Quadrilatero J., Bombardier E., Norris S.M., Talanian J.L.,
Palmer M.S., Logan H.M. et al., Prolonged moderate-
intensity aerobic exercise does not alter apoptotic signal-
ing and DNA fragmentation in human skeletal muscle.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Am J Physiol Endocrinol Metab, 2010, 298 (3), E534-
E547, doi: 10.1152/ajpendo.00678.2009.

Steinbacher P., Eckl P., Impact of oxidative stress on exer-
cising skeletal muscle. Biomolecules, 2015, 5 (2), 356-377,
doi: 10.3390/biom5020356.

Wiecek M., Maciejczyk M., Szymura J., Szygula Z., Kan-
torowicz M., Changes in non-enzymatic antioxidants in
the blood following anaerobic exercise in men and women.
PLoS One, 2015, 10 (11), e0143499, doi: 10.1371/jour-
nal.pone.0143499.

Powers S.K., Duarte J., Kavazis A.N., Talbert E.E., Reac-
tive oxygen species are signalling molecules for skeletal
muscle adaptation. Exp Physiol, 2010, 95 (1), 1-9, doi:
10.1113/expphysiol.2009.050526.

Ji L.L., Gomez-Cabrera M.C., Vina J., Role of nuclear fac-
tor kappaB and mitogen-activated protein kinase sig-
naling in exercise-induced antioxidant enzyme adapta-
tion. Appl Physiol Nutr Metab, 2007, 32 (5), 930-935,
doi: 10.1139/H07-098.

Foti M.C., Amorati R., Non-phenolic radical-trapping antio-
xidants. J Pharm Pharmacol, 2009, 61 (11), 1435-1448,
doi: 10.1211/jpp/61.11.0002.

Gerber T., Borg M.L., Hayes A., Stathis C.G., High-inten-
sity intermittent cycling increases purine loss compared
with workload-matched continuous moderate intensity
cycling. Eur J Appl Physiol, 2014, 114 (7), 1513-1520,
doi: 10.1007/s00421-014-2878-x.

Whidden M.A., McClung J.M., Falk D.J., Hudson M.B.,
Smuder A.]., Nelson W.B. et al., Xanthine oxidase con-
tributes to mechanical ventilation-induced diaphragmatic
oxidative stress and contractile dysfunction. J Appl Physiol
(1985), 2009, 106 (2), 385-394, doi: 10.1152/japplphys-
i01.91106.2008.

Cantu-Medellin N., Kelley E.E., Xanthine oxidoreductase-
catalyzed reactive species generation: a process in critical
need of reevaluation. Redox Biol, 2013, 1, 353-358, doi:
10.1016/j.redox.2013.05.002.

Morales-Alamo D., Calbet J.A., Free radicals and sprint
exercise in humans. Free Radic Res, 2014, 48 (1), 30-42,
doi: 10.3109/10715762.2013.825043.

Paper received by the Editor: October 26, 2015
Paper accepted for publication: February 8, 2016

Correspondence address

Veronica Pinto Salerno

Laboratério de Bioquimica do Exercicio
e Motores Moleculares (LaBEMMol)
Avenida Carlos Chagas Filho, 549
Cidade Universitaria

CEP 21941-599, Rio de Janeiro, Brazil
e-mail: vpsalerno@yahoo.com.br

55



