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Redox status and antioxidant response in professional cyclists during
training
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Abstract

The aim of this study was to investigate whether different phases of training affect oxidative stress and antioxidant defences
in professional cyclists. Ten professional cyclists, aged 21.8 2.5 years, were enrolled in the study. They were classified into
two groups of five athletes each one with similar nutritional intake excepting for the overload of vitamin C (1000 mg day ™)
and E (400 mg day™!) supplementation in one of them. The cyclists of both groups performed the same exercise design,
consisting of hard, tapering and recovery training periods. Total antioxidant capacity (TAC) of the diet, plasma oxygen
radical absorption capacity (ORAC), lipid peroxidation (LPO), DNA damage (8-OHdG) and erythrocyte glutathione
disulfide/glutathione ratio (GSSG:GSH™!) were measured. During the intense exercise trainings, the cyclists without
vitamin supplements had the TAC of diet significantly lower than the supplemented group. Plasma ORAC, LPO and
8-OHJG were similar in both groups of athletes. Athletes with supplements had a basal LPO:ORAC™! ratio lower than that
without supplements, but this ratio converged to the same level at the end of the training in both groups of cyclists. Both
groups of cyclists showed similar changes in GSSG:GSH™! ratio and in GSSG and GSH levels along the study. The data
suggest that well-trained athletes with suitable ultra-endurance training volume and intensity do not require antioxidant
vitamin supplements to adapt their endogenous antioxidant defenses to exercise-induced ROS.

Keywords: Traiming, nutrition, exercise, stress, physiology

Introduction moderate concentrations, however, ROS play an
important role in the regulation of cell functions,
serving as survival and repair signals (Nils-
Georg, 2007).

In biologic systems, defence mechanisms against
oxidative stress depend primarily on an orchestrated
synergism between both endogenous and dietary

antioxidants (Pepe, Balci, Revan, Akalin, & Kurtoglu,

The benefits of non-exhaustive training exercise in
health promotion and disease prevention are well
established. During heavy physical exertion, how-
ever, the oxygen flux to active skeletal muscles
multiplies by two orders of magnitude, increasing
the oxygen consumption and enhancing production
of reactive oxygen species (ROS). An imbalance

between the generation of ROS and antioxidant
defence capacity of the cell is closely associated
with natural ageing and multiple disease processes
(Fisher-Wellman & Bloomer, 2009). High concen-
trations of ROS are hazardous for living organisms,
and they damage all major cellular constituents. At

2009). Some of the non-enzymatic antioxidants,
which are not synthesised by the body, must be
obtained exogenously by the diet, primarily from
ingestion of fruit and vegetables. These include
vitamins A, C, and E and bioflavonoids. These
compounds are able to scavenge various free radicals
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by electron donation. Vitamin C may help strengthen
immune defence, while vitamin E could enhance
energy balance at high altitude (Gross, Baum &
Hoppeler, 2011). However, studies evaluating the
efficiency of these dietary antioxidants in reducing
exercise-induced muscle injury have yielded contra-
dictory results (Nils-Georg, 2007).

There are many studies exploring the effect of the
exercise type (aerobic or anaerobic), intensity and
duration and the consumption of dietary antioxi-
dants on the redox status of the athletes. Generally,
these studies considered exercise-induced ROS
detrimental to physiological function, including
decreased performance and immune function, and
increased fatigue (Fisher-Wellman & Bloomer,
2009). Other studies have observed an adaptation
in the body’s antioxidant defence system as a
result of aerobic and anaerobic exercise training
(Concepcion-Huertas et al., 2013). The mechanisms
behind these adaptive processes are not well under-
stood, but professional athletes are normally more
protected to exercise-induced ROS than untrained
subjects. Thus, it seems that training facilitates the
efficiency of the endogenous antioxidant defences.
Nevertheless, the generation of ROS during training
can overwhelm the antioxidant capacity of the body,
causing proteins, lipids and DNA damage (Gémez-
Cabrera, Domenech, & Vifia, 2008). These findings
led to the use of high doses of antioxidant supple-
ments to prevent the excess of exercise-induced
ROS in athletes. Beneficial effects of this widespread
practice on muscle function are, however, uncom-
mon (Higashida, Kim, Higuchi, Holloszy & Han,
2011). In contrast, there are a growing number of
studies showing the deleterious effects of antioxidant
treatment in athletes (Gémez-Cabrera et al., 2008).

There is not much information, however, regarding
how different schedules of training influence oxidat-
ive stress in professional cyclists, a class of highly
trained athletes. The aim of this study was, therefore,
to investigate whether different phases of training and
antioxidant supplements affect oxidative stress and
antioxidant defences in professional cyclists.

Methods
Subjects

Ten Caucasian male professional road cyclists, aged
21.8 = 2.5 years and weighing 70 £ 5 kg, were
enrolled in the study. Those athletes with the same
training and competition level were strictly selected
from a professional cyclist team. Only cyclists who
had the same training schedules, similar competition
level and similar physical performances at the time of
the study were enrolled. The study was approved by
the Ethics Committee of the Granada’s University

and was performed in accordance with the ethical
standards laid down in the 1964 Declaration of
Helsinki.

Dietary intake and experimental groups

To estimate the average energy and nutritional intake,
participants recorded their dietary intake during three
consecutive days weekly, i.e. during days 1-3, 8-10,
15-17 and 23-25. A trained nutritionist gave detailed
verbal instructions to the athletes about proper dietary
recordings. A full description of foods and fluids
consumed was requested, including the brand names
of packaged food, cooking or processing methods and
food items and ingredients added during preparation.
Participants estimated the amount of foods or fluids
consumed by referring to the weight or volume
information provided on food packages or by using
standardised household measures. Dietary informa-
tion was converted to energy and nutrients with the
software DIAL (Alce Ingenieria, Madrid, Spain).
This programme was supplemented with information
for composite dishes, commercial foods and sports
foods whenever reliable nutritional composition data
could be obtained. Nutritional intake was checked
with the dietary reference intake (DRI) of “Food and
Nutrition Board’s, Institute of Medicine, 2000~
(World Health Organization [WHO], 2003).

The athletes were grouped into two subgroups of
five subjects each one. Both subgroups had the same
nutritional intake composition except for vitamin
supplementation in one of them. Supplementation
consisted in a daily intake of 1000 mg of vitamin
C and 400 mg of vitamin E at breakfast time, from
one month before the study and until the end of it.

Samples

Blood samples (10 ml) were collected from the
antecubital vein between 7-8 am and after 8-10
hours of fasting. A total of four blood samples (S1—
S4) were taken during the period of training and
competition as indicated in Figure 1A. The first
(S1), corresponding to the control, was taken at day
7, i.e. just before beginning the second phase of
training. The second sample (S2) was taken at day
13, before the third phase of training. The third
blood sample (S3) was taken at day 17, one day
before the competition day. The fourth blood sample
(S4) was taken at day 25, seven days after the
competition, and at the end of the recovery period.

Training design

The study was conducted through five different
phases of training (Figure 1A). The first phase
corresponds to a control period of seven days of rest
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Figure 1. Diagram depicting the chronological schedule of the study (A). Exercise intensity of athletes along the different training phases of
the study in accordance with Borg’s scale (B). Evolution of LPO:ORAC™ ratio in the athletes (C). *P < 0.05, ***P < 0.001 vs. control
without supplements; #*P < 0.05, #*##P < 0.001 vs. control with supplements; ***P < 0.001 vs. tapering. P < 0.05 vs. athletes with

supplements.

(days 0-6). In the second phase, the cyclists
developed a hard training of six days (days 7-12)
consisting in a load of intense exercise on the road
bike with an average of 130 * 25 km daily, at
maximum altitude of 1200 m and an average temper-
ature of 30 * 5°C. During the third phase, the cyclists
had a tapering training of four days (days 13-16)
consisting in short loads training of intense exercise
with an average of 50 £ 10 km daily on a flat road at a
maximum altitude of 800 m with mean temperature
of 30 * 5°C. The fourth phase corresponded to the
one-day competition (day 18) of the Spanish Cycling
Cup, involving 130 km at a maximum altitude of 1600
m and temperature average of 31 * 5°C. The fifth
phase corresponded to a 7-day recovery period (days
18-24).

Exercise intensity measurement

The rate of perceived exertion (RPE) method was
used to quantify the exercise intensity determined by
the athletes (Borg, & Dahlstrom, 1962). The RPE
scale is commonly used in both team or individual
sports, and it ranges the exercise intensity from 6 to 20
points.

Total antioxidant capacity of the dierary intake

To estimate the average of the total antioxidant
capacity (TAC) of the diet, subjects made a record
of food consumption throughout the study period,
where they indicated the amount of food and supple-
ments consumed every day. The TAC of the diet was
transformed into mmol day ™' of Trolox equivalents
(TE) according to the American board of oxygen
radicals absorption capacity of foods elsewhere pub-
lished (Nutrient Data Laboratory, Beltsville Human
Nutrition Research Center, Agricultural Research
Service, & USDepartment of Agriculture, 2007).
Due to the absence of values for beer and coffee in
this table, these values were obtained from other
studies (Rufian-Henares & Morales, 2007). The
values for vitamins C and E were analysed in the
laboratory.

Measurement of plasma vitamins C and E

Plasma levels of vitamins C and E were analysed by
high-pressure liquid chromatography with electro-
chemical detection (HPLC-ED; Battino, Leone, &
Bompadre, 2004; Li & Franke, 2009). Plasma
vitamins C and E were purified with an Acquity
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UHPLC BEH system using a 2.1 X 50 mm C18 1.7
um column (Waters Co., Milford, MA), and their
levels are measured in a Waters Xevo TQ-S tandem
mass spectrometer (Waters Co., Milford, MA). The
vitamin concentration was expressed in pmol 17!

Deternunation of the plasma oxygen radical absorption
capaciry (ORAC)

The ORAC values of plasma were measured follow-
ing a procedure elsewhere published (Prior et al.,
2003). The fluorescence of the samples was measured
in a thermostatised (37°C) plate reader spectrofluo-
rometer (Polarstar Optima, BMG Lab technologies,
Ortenberg, Germany), with excitation and emission
wavelengths of 490 nm and 545 nm, respectively. The
ORAC concentration was expressed in pmol 17!
of TE.

Determination of DNA damage in plasma

The commercial kit Highly Sensitive 8-OHdG Check
ELISA (Institute for the Control of Aging, Nikken
SEIL Co., Ltd. Shizuoca, Japan) was used to deter-
mine the concentration of 8-hydroxy-2’-deoxyguano-
sine (8-OHAG) in plasma (Okamoto & Ochi, 1992).
The concentration of 8-OHdG was expressed in

ng 17

Determination of glutathione and glutathione disulfide
levels in erythrocytes

Both glutathione (GSH) and glutathione disulfide
(GSSQG) levels in erythrocytes were spectrofluorome-
trically measured using o-ophthalaldehyde (Hissin &
Hilf, 1976). The fluorescence of GSH and GSSG
samples was measured at 350-nm excitation and
420-nm emissions in a plate-reader spectrofluorom-
eter (Bio-Tek Instruments, Inc., Winooski, USA).
The concentrations of GSH and GSSG were
expressed as pmol g~' Hb. Haemoglobin (Hb) was
measured by the cianometahemoglobin method.

Deternunation of lipid peroxidation (LPO) in plasma

The commercial LPO assay kit was used to deter-
mine both malondialdhehyde and 4-hydroxyalkenals
(Bioxytech LPO-586 assay kit, Oxis Research, Port-
land, OR, USA). LPO concentration is expressed in
umol 17! (Esterbauer & Cheeseman, 1990).

Statistical analysis

All statistical analyses were performed using Graph-
pad Prism 5.0. Data was analysed for their normal
distribution with the Shapiro-Wilk test. Repeated
measures of analysis of the variance (ANOVA) was

used to check for significant differences between
training phases and among groups in each training
phase. Differences were considered statistically signi-
ficant at P values <0.05. Values are expressed as
means * SE.

Results

The different phases of training are depicted in
Figure 1A. The changes in exercise intensity percep-
tion along the study were monitored according to
Borg’s scale (Borg & Dahlstrom, 1962), as shown in
Figure 1B. The exercise intensity of hard, tapering
and competition phases was significantly higher than
in the control and recovery periods. As planned, the
tapering training intensity was significantly lower
than in hard and competition phase.

The nutritional intake did not change significantly
between each training period of the study. Table I
shows the mean of all days of the nutritional intake
of the two groups of participants during the study.
No significant differences were found in energy
intake, macro-nutrients, fibre and lipid profile
among groups with and without vitamin supple-
ments. The supplements of vitamins C (1000 mg
day™) and E (400 mg day ') are also indicated.

The TAC of the diet, ORAC, vitamins C and E,
8-OHdG and LPO values are shown in Table II.
Subjects with vitamin supplements had higher TAC
of diet values than those without supplements during
all periods of training (F(;,6 = 28.3: P < 0.05). No
significant differences were found among training
periods. The ORAC values of cyclists without
vitamin supplements rose significantly after the
tapering training and remained higher during the
recovery period compared with the control group.
There were no significant changes in the ORAC
plasma values of the athletes with supplements along
the study. Moreover, supplemented and non-supple-
mented groups of cyclists showed no differences in
their ORAC values. The levels of vitamins C and E
were higher in the supplemented group. Plasma LPO
values were similar in all groups, and they were
unrelated to the vitamin supplements. Also, the values
of 8-OHAdG did not differ significantly between ath-
letes with and without vitamin supplements, although
the former showed lower values in all training periods.

The relation between plasma LPO and ORAC is
shown in Figure 1C. The athletes without vitamin
supplements showed higher control values of LPO
compared with supplemented athletes. Nevertheless,
the former showed a significant reduction in the LPO:
ORAC™! ratio along the study, reaching the lowest
values during tapering. In turn, athletes supplemen-
ted with vitamins increased the LPO:ORAC™ ratio
with the highest values during tapering. At this
time, LPO:ORAC™! ratio was significantly higher in
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Table I. Nutritional intake composition in the two groups of
athletes

Without With

supplements supplements
Energy intake (kcal) 4500 *+ 314 4520 * 326
Proteins (g) 172 £ 12,5 180 £ 13.4
Proteins (% El) 15+t 1.1 1515
Carbohydrates (g) 518 = 30 521 % 30
Carbohydrates (% El) 53 £ 3.2 53 3.5
Fiber (g) 393 + 4.4 35,8 * 4.1
Fat (g) 155 + 10.7 149 + 12.1
Fat (% El) 3222 32125
Saturated fat (g) 62 6.3 63 £ 7.2
Monounsaturated 63 £ 7.2 65 £ 9.4

fat (g)

Polyunsaturated fat (g) 16 £ 2.1 16 £ 25
Cholesterol (mg) 290 * 42.6 295 *+ 38.4
Vitamin B1 (mg) 4.2 0.6 4.1 0.7
Vitamin B2 (mg) 4.4 0.7 4.2 10.8
Eq. Niacin (mg) 75.8 + 10.4 76.6 £ 9.1
Vitamin B6 (mg) 5.8+%0.8 53%0.8
Folic Acid (ug) 665 £ 65.7 657 £ 59.5
Vitamin B12 (ug) 125+ 1.3 141 % 1.1
Vitamin C (mg) 300 + 41.8 1280 * 39.0%
Vitamin A (RE pg) 1964 *+ 180.9 2032 * 233.4
Pantothenic acid (mg) 7.4 %09 79+ 14
Biotin (ug) 31+5.7 20 + 14.6
Vitamin D (ug) 10.1 £ 1.5 11.3+ 1.7
Vitamin E (mg) 9.5*1.3 408.5 + 2.5*%
Calcium (mg) 1890 * 202 1979 * 208
Iron (mg) 34 £ 5.0 33 6.1
Iodine (ug) 113 £ 13.0 116 £ 12.7
Magnesium (mg) 498 + 43 513 * 40
Zinc (mg) 14,6 * 1.6 151 1.8
Selenium (mg) 226 £ 15.3 236 + 13.7
Sodium (mg) 4750 + 393 4633 * 380
Potassium (mg) 4439 * 464 4225 * 440
Phosphorus (mg) 2328 £ 184 2268 £ 181
Fluoride (ug) 282 + 32.0 268 £ 36.2

EI energy intake; RE, retinol equivalents.
*P < 0.001 vs. without supplements.

supplemented than in non-supplemented athletes
(F(l,é) =225:P< 005)

Figure 2 shows the values of GSH, GSSG, GSSG:
GSH ™! ratio and total glutathione (GSH + GSSG) in
athletes with and without vitamin supplements. Both
groups show a significant GSSG rise during hard and
tapering training periods compared with control
values (P < 0.05), decreasing at the recovery phase.
The levels of GSH also increased in both groups of
athletes with hard training (P < 0.05), and this
elevation persisted in athletes without supplements
during the tapering and recovery periods. However,
GSH levels drop during the tapering period in the
supplemented group. Similar behaviour was observed
for total glutathione levels. The GSSG:GSH™! ratio
tends to decrease along the study in athletes without
vitamin supplements, with the lowest levels reached
during the recovery period (P < 0.05), and increased
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in supplemented athletes during the tapering period
(P <0.05).

Discussion

The energy profile of the dietary intake of cyclists
enrolled in this study was close to that recommended
by the World Health Organization (WHO, 2003) for
males aged 19-30 years and similar to that reported
elsewhere in cyclists (Serrano et al., 2010), canoeist
(Teixeira, Valente, Casal, Marques, & Moreira,
2009a) and in Spanish university students who play
sports regularly (Leonardo-Mendonga, Sospedra,
Sanchis, Maifies, & Soriano, 2012; Sanchez Oliver
& Guerra Hernandez, 2004;). Following the recom-
mendation of the American College of Sports and
Medicine (2009), athletes do not need a diet
substantially different from that recommended in
the Dietary Guidelines for the general population.
The lipid profile was similar to other studies in
athletes (Teixeira, Valente, Casal, Marques, &
Moreira, 2009b) and university students. The daily
average consumption of micronutrients in the ath-
letes of the study covered the Dietary Recommended
Intake (Sanchez Oliver & Guerra Hernandez, 2004).
In the supplemented group, the levels of vitamins
C and E were more than 9 and 20 times the DRI,
respectively.

The TAC of the diet of cyclists without supple-
ments of vitamins C and E was 40% higher than the
normal average for the Spanish population (Martinez
Alvares & Izquierdo Pulido, 2005). The diet TAC
values were similar within each group of cyclists along
the study. Nevertheless, diet TAC values increased
up to 15 times in the athletes with supplemented
intake of vitamins C and E. Supplemented athletes
had 30% and 25% higher plasma levels of vitamins
C and E, respectively, than non-supplemented ath-
letes. These values were comparable to that obtained
in basketball players supplemented with similar
amounts of vitamins C and E (Naziroglu et al.,
2010) and cyclist (Yfanti et al., 2012).

Considering diet TAC values and plasma vitamin
C and E levels, we would expect that plasma ORAC
might have the same behaviour, justified by the
increased use of vitamins during training (Schréder,
Navarro, Mora, Galiano, & Tramullas, 2001; Teixeira
et al.,, 2009b) or by an increase in plasma vitamin C
and E in supplemented athletes (Gomez-Cabrera
et al., 2008). Nevertheless, no significant difference
in plasma ORAC values between both groups of
athletes was found. This apparent paradox may
reflect different adaptive mechanisms to exercise.
Intense exercise can activate the body’s antioxidant
defences increasing the ORAC in serum of well-
trained athletes (Margonis et al., 2007), but not in
over-trained athletes (Palazzetti, Richard, Favier, &
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Table II. Redox parameters in the two groups of athletes during the study

With supplements

Without supplements

Tapering Recovery

Tapering Recovery Control Hard

Hard

Control

243.0 £ 71***
2626 * 302

251.1 £ 64***
2945 + 172

249.5 + 63***

247.2 £ 66***

13.8 34
3097 *+ 248*

139+ 6.3
3108 * 366*

32.7%*1.9

154+ 44
2517 £ 294
31.2*24
132+ 1.6

145+ 4.0
2373 £ 141

TAC (mmol TE day 1)
ORAC (umol TE 1)

2492 + 143

2489 * 213

42.5 £ 3.0%** 40.5 £ 2.3%** 41.0 £ 0.6*** 40.3 £ 1.9%**

30.8 2.2
123+ 14
75 1.0

0.29 * 0.06

30.5* 2.6

Vitamin C (umol 171)

16.5 + 1.9%**

15.1 £ 1.9%**

16.2 * 1.6***

15.7 £ 1.1*%**

126 £ 1.4
6.7+ 0.8
0.32 * 0.06

12.1+ 1.2

Vitamin E (umol 177)

LPO (umol I"%)

7.3%0.8
0.24 * 0.06

8.6 £ 0.5**
0.26 + 0.06

6.6 £ 0.4
0.25 + 0.04

6.0 £ 0.6
0.24 * 0.05

8.4+%12
0.32 £ 0.06

8914
0.28 + 0.03

8-OHAG (ug 1™

*P < 0.05 vs. control without supplements; **P < 0.05 vs. control with supplements; ***P < 0.05 vs. subjects without supplements.

Margaritis, 2003). Many studies in literature indicate
an intensity-response relationship between adapta-
tions of antioxidant enzymes and response to ultra-
endurance exercises. Adequate volume and intensities
of ultra-endurance training confer protection against
the increase in free radicals damage. However, these
effects are reduced in athletes supplemented with
vitamins C and E (Gomez-Cabrera et al., 2008).

The lack of plasma antioxidant changes in response
to vitamin supplements was also reflected in LPO
levels, a sensitive marker of oxidative damage to cell
membranes. Supplementation with vitamins C and E
seemed to reduce initial LPO values, but did not
prevent its increase after intensive training periods
(Teixeira et al.,, 2009b). Nevertheless, there are
variable results for resting LLPO levels in the literature,
depending on differences in type, training and nutri-
tional status of the athletes and timing of blood
sampling (Bloomer, Canale, Blankenship, & Fisher-
Wellman, 2010). So we used the LPO:ORAC™! ratio
to further check the antioxidant effects on plasma
redox status, thus giving an insight into the delicate
balance in vivo between oxidants and antioxidants
(Schroder, Navarro, Mora, Galiano, & Tramullas,
2001). Basal LPO:ORAC™! ratio reveals that supple-
mented athletes presented a better balance between
oxidants and antioxidants. This balance, however,
decreased significantly during intense training peri-
ods. On the other hand, the group without supple-
ments improved significantly the LPO:ORAC™! ratio
after tapering training. Then, the endogenous anti-
oxidant response acquired by athletes during training
seems to be more important than the antioxidant
benefit due to vitamin supplementation (Dawson
et al., 2002).

Plasma 8-OHdG, a marker used for DNA damage,
was not modified significantly by C and E supple-
mentation, supporting previous data (Tsakiris, Parti-
mos, & Schulpis, 2006). Other studies showed that
daily supplementation with 400 mg of vitamin E and 1
g of vitamin C did not affect plasma 8-OHdG levels in
trained subjects at rest (Bloomer et al., 2006). Similar
findings were reported in basketball players after
consuming 200 mg of vitamin E for one month
(Tsakiris et al., 2006), or after exercise of short
duration in trained subjects (Nieman et al., 2004).
Almar et al. (2002), however, found a significant
increase in 8-OHdG, but only during the first week of
a 3-week race in professional cyclists that were not
supplemented with antioxidants, a finding explained
by an adaptive response to exercise-induced oxidative
stress. Overall, the data further support that chronic
exogenous antioxidant supplementation did not
modify the endogenous redox status of trained sub-
jects significantly.

GSH is particularly important in the mitochondria
in defending against both physiologically and



Downloaded by [University of Otago] at 22:59 31 August 2014

A
8
= * #
T 3 P =
. - e~ B _ *
o - =
| O
5 4
I
8 2l =0- Without supplements
== \With supplements
1 1 1 1
Control Tapering
Hard Recovery
C
0.2
o
©
L O---5 8
z !_-—-—-__.___. / *\
O 01f %
Q
w
w
Q
1 1 1 1
0.0 Control Tapering
Hard Recovery

Training and redox response in professional cyclists 7

B
1.0

z * !
Tc-; 08 7_...._-'.9--.. 2 -
—O' oe %* * # @]
E: 05 -
?
o 031
o

L L L 1

Control Tapering
Hard Recovery
D
= 10
I
‘_Icp gk : .
© 0w . *
E 6 ./U:N}\SHH_:;Q
=5 el * -
E)-' o
@ AT
3
i
T
(/2] 1 1 L 1
o Control Tapering
Hard Recovery

Figure 2. Erythrocyte content of glutathione (GSH), glutathione disulfide (GSSG), glutathione disulfide.glutathione™ ratio (GSSG:
GSH™) and total glutathione (GSH + GSSG) in athletes with and without vitamins supplementation. *P < 0.05 vs. control without

supplements; #*P < 0.05 vs. control with supplements.

pathologically generated oxidative stress (LLu, 2013).
The GSSG:GSH ™! ratio in erythrocytes reflects the
intracellular redox status of the skeletal muscle fibres
(Chahbouni et al., 2011). In our study, the changes in
the GSSG:GSH ™! ratio were unrelated to the anti-
oxidant vitamin intake, suggesting that skeletal mus-
cles of well-training athletes do not need further
antioxidant supply to counteract the oxidative stress
induced by exercise. The severe oxidative stress
caused by intensive training showed a transient
increase of GSSG levels during these training periods,
without further modification by vitamin supple-
mentation. Interestingly, GSH increased in both
groups after the hard training period, preventing a
major shift in the redox equilibrium, but only the
athletes without supplements were able to prevent the
posterior loss of GSH. Thus, our data suggest that
vitamins C and E supplementation seem to affect the
regulation of GSH synthesis and redox signalling
(Tong, Lib, Lippi, & Tian, 2012). The increase of
total glutathione pool in the cell may suggest that
during elevated intensity exercise, there may be an
increase of the GSH synthesis to compensate for the
peak of oxidative stress, either through the activation
of glutathione synthase or gamma-glutamylcysteine
synthase enzymes (Lu, 2013).

There is an agreement in the field that in-
tense exercise may increase the redox status. But
in well-trained subjects, periods of appropriate train-
ing are able to yield beneficial adaptation of the

antioxidant defenses in response to exercise (Con-
cepcion-Huertas et al., 2013). This condition was
reflected in our study because the athletes without
antioxidant supplements improved the relation
between ORAC and LPO, GSSG:GSH™! ratio and
GSH. Moreover, vitamins C and E supplementation
only tend to improve the redox status before intens-
ive training and tend to reduce DNA damage during
training. Although vitamin supplements can be
useful in some circumstances, their chronic intake
may not yield additional benefits but reduce the
exercise adaptations and efficiency of athletes. In this
regard, one of the main problems with antioxidant
supplementation is that ROS cannot be easily targeted
and scavenged in biological systems. Moreover, large
antioxidant doses could interfere with the signalling
functions of ROS (McGinley, Shafat, & Donnelly,
2009). If athletes do not have a vitamin deficiency,
the endogenous antioxidant defences that they are
able to induce by exercise are far more important
than any antioxidant benefit that they might gain
from chronic exogenous vitamin intake (Halliwell,
2012). Nevertheless, further research with a larger
number of athletes, studied under different timing
and exercise intensity schedules, and including
measures of physical performance, will clarify the
beneficial versus harmful effects of antioxidant vit-
amin supplements in these conditions.
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Conclusions

Well-trained athletes with adequate ultra-endurance
training intensities and volume are able to adapt
themselves to exercise-induced ROS production
and, thus, prevent the hyperoxidative state that
normally follows high-intensity training. However,
chronic exogenous antioxidant supplementation
could influence the athlete’s redox balance, reducing
their capability to adapt their endogenous antioxi-
dant defences to exercise. This condition may
negatively interfere with training efficiency. The
intake of vitamins C and E as an attempt to improve
redox status and antioxidant capacity response may
delay the adaptation of athletes to training.
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