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Abstract The aim of the study was to determine the
eVects of an antioxidant supplementation, which includes
coenzyme Q10, on plasma and neutrophil oxidative stress
and the antioxidant response after a soccer match. Nineteen
voluntary male pre-professional footballers were randomly
and double-blinded treated with either a multivitamin and
mineral supplement (n = 8) or a placebo (n = 11). After the
3 months of supplementation, the sportsmen played a
friendly soccer match of 60 min. The 3-month supplemen-
tation induced higher plasma ascorbate and coenzyme Q
levels when compared to the placebo group. Antioxidant
supplementation inXuenced plasma oxidative stress mark-
ers because they were lower in the supplemented group
than in the placebo one after the match. The football match
induced decreased neutrophil vitamin E levels and catalase
and glutathione peroxidase activities but increased glutathi-
one reductase activity. Antioxidant diet supplementation
prevented plasma oxidative damage but did not inXuence
the neutrophil response to a football match.

Keywords Soccer · Oxidative stress · Antioxidant 
supplementation · Coenzyme Q · Plasma · Neutrophils

Introduction

Coenzyme Q10 is an endogenous enzyme cofactor that is
produced in all living cells in humans. It functions as a cat-
alyst in proton/electron translocation in mitochondria and
lysosomes, protects mitochondria from free radical damage
(Lass and Sohal 2000) and is thought to be capable of pre-
venting programmed cell death or apoptosis (Kagan et al.
1999). Furthermore, coenzyme Q10 has a primarily function
as antioxidant and is carried mainly by lipoproteins in the
circulation (Alleva et al. 1997). Recent evidence has indi-
cated that coenzyme Q10 may recycle �-tocopherol (Lass
and Sohal 2000) and ascorbate (Crane 2001), may prevent
prooxidant eVects of �-tocopherol (Thomas et al. 1996),
and may provide lipoproteins with increased resistance to
oxidation. Cell signalling and gene expression have also
been described as potential functions of coenzyme Q10

(Crane 2001).
Dietary coenzyme Q10 supplements contain also vita-

mins as vitamin E, ascorbate, and riboXavin, and some oil
to facilitate the bioavailability of liposoluble compounds.
Potential beneWts of coenzyme Q10 supplementation have
been recognised with particular reference to cardiovascular
and neurodegenerative diseases (Langsjoen and Langsjoen
1999; Overvad et al. 1999).

Exhaustive exercise induces oxidative stress and it may
impair immune response (Nieman 1994). Exercise-related
immunological acute changes include release of cytokines
(Petersen et al. 2001), activation of immunocompetent cell
lines (Suzuki et al. 1999), neutrophil priming for acute
phase response (Cannon and Blumberg 2000; Suzuki et al.
1999) and lower antioxidant enzyme levels in neutrophils
(Tauler et al. 2002a). The eVects of nutritional antioxidants
on the endogenous antioxidant response to oxidative
stress as well as on exercised-induced acute changes in
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immune cell function have been pointed out (Krause et al.
2001; Morante et al. 2005; Sastre et al. 1992; Tauler et al.
2003a, b). Recent data indicate that contraction-induced
ROS modulates at least some of the adaptative responses
that occur in skeletal muscle following contractile activity
(McArdle et al. 2005). This process involves activation of
redox regulated transcription factors, such as NF-��, lead-
ing to an increase of the expression of enzymes such as
iNOS, NOS and Mn-SOD in response to intense exercise
(Cases et al. 2006; Gomez-Cabrera et al. 2005; McArdle
et al. 2005). High-dose antioxidant supplementation could
prevent this antioxidant endogenous response to oxidative
stress (Gomez-Cabrera et al. 2005). However, it is impor-
tant to maintain an adequate vitamin E consumption not
only to prevent liver oxidative damage but also because
vitamin E plays an essential role modulating signal trans-
duction (Morante et al. 2005). Furthermore, we have previ-
ously evidenced enhanced basal antioxidant enzyme
activities in neutrophils after 3 months of antioxidant sup-
plementation (Tauler et al. 2002b).

Because of the interest in using antioxidant nutrients as a
preventive and therapeutic tool in clinical medicine and in
physical activity, the aim of this study was to determine the
eVects of an antioxidant cocktail supplementation, which
includes coenzyme Q10, on plasma and neutrophil oxidative
stress markers and on the antioxidant response after a foot-
ball match. The inXuence of the 3-month supplementation
on the basal levels of plasma and neutrophil antioxidant
defences as well as on the basal oxidative stress markers
was also analysed. In order to ensure an adequate intake of
other vitamins and minerals we used capsules containing a
multivitamin and mineral supplement. The use of capsules
allows us to provide together adequate amounts of several
vitamins and minerals, which could be very diYcult by
means of a simple diet manipulation.

Materials and methods

Subjects and protocol

Nineteen voluntary male pre-professional footballers par-
ticipated in this study. All the subjects were informed of the
purpose and demands of the study before giving their writ-
ten consent to participate. The protocol was in accordance
with the Declaration of Helsinki for research on human
subjects and was approved by the Ethical Committee of
Clinical Investigation of CAR-Sant Cugat (Barcelona). The
mean weight of the sportsmen was 75.2 § 1.3 kg, height
178 § 5 cm and VO2 max 56.6 § 3.4 mL kg¡1 min¡1.

The 19 football players were randomly and double-
blinded treated with either a multivitamin and mineral sup-
plement or placebo. Compositions of the supplement are

shown in Table 1. The dose of antioxidants used was the
same as their RDA (when established). The eight players of
the supplemented group took a capsule containing coen-
zyme Q and a tablet containing minerals and vitamins
(Pharma Nord, Denmark) for 90 days. The 11 players of the
placebo group took the same capsules and tablets as the
supplemented group, but containing the placebo (Pharma
Nord, Denmark). In order to ensure the compliance tablets
and capsules were administered directly by one of the
researchers on a daily basis. The supplement ensured the
recommended allowance intake of vitamins C, E, D3,
folate, biotin, pantotenic acid, niacin, cobalamin, piridoxin
and the minerals Se, Zn, Cu, Mg and Mn.

Determinations of basal haematological parameters,
antioxidant enzyme activities, antioxidant vitamin levels
and oxidative stress markers were made before and after the
3 months of supplementation. After the 3 months of supple-
mentation, the sportsmen played a friendly football match
(60 min), and samples were taken to determine the same
parameters before and after the match. The goal-keeper did
not participate in the study.

The soccer players were monitored using a pulsometer
during the match. As the cardiac heart rate increases line-
arly to the oxygen consumption (Karvonen and Vuorimaa
1988) we can indirectly evaluate the work done during a
maximal and intervallic exercise through the heart rate
(Balsom et al. 1992). The relationship between the power
output, the heart rate and the oxygen uptake is linear not
only for the maximal values but also for the percentual, and

Table 1 Composition of the antioxidant supplement

Ingredient Dosage RDA (%)

�-carotene 6 mg 125

Vitamin C 60 mg 100

Vitamin E 10 mg 100

Niacin 18 mg 100

Pantothenic acid 4.0 mg 67

Vitamin B12 3.0 �g 300

Vitamin B6 2.2 mg 110

Vitamin B2 1.6 mg 100

Vitamin B1 1.1 mg 79

Vitamin D 2.5 �g 50

Folic acid 180 �g 90

Biotin 30 �g 20

Magnesium 100 mg 33

Zinc 7.5 mg 50

Selenium 50 �g 71

Copper 1000 �g 91

Manganese 2.5 mg Not established

Coenzyme Q10 100 mg Not established
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both can be used to monitor the training sessions (Arts and
Kuipers 1994). We categorised the subjects under the per-
spective of the work performed during the training sessions
and the competition in relation to the reference values of a
progressive and maximal exercise test. Five metabolic
zones are usually considered. From zone one (Z1) to zone
Wve (Z5), the relationships to the maximal oxygen con-
sumption were, respectively <70, 70–80, 80–90, 90–100
and 100% or higher. The pulsometer allowed to obtain the
heart rate each time, which enabled us to calculate the time
in which each individual worked at each intensity (zone).

Blood sampling

Blood samples were obtained from the antecubital vein of
sportsmen after overnight fasting in suitable vacutainers
with EDTA as anticoagulant. Neutrophils were puriWed fol-
lowing an adaptation of the method described by Boyum
(1964). Blood was centrifuged at 900£g, at 4°C for 30 min
after carefully introducing on Ficoll in a proportion of
1.5:1. The precipitate containing erythrocytes and neutro-
phils was incubated with ammonium chloride 0.15 M at
4°C to haemolyse erythrocytes. The suspension was centri-
fuged at 750£g, 4°C for 15 min and the supernatant was
then discarded. The neutrophil phase at the bottom was
washed Wrst with ammonium chloride 0.15 M and then with
PBS. Finally, neutrophils were lysed with distilled water.
Neutrophil number was quantiWed in an automatic Xow
cytometer analyser Techicon H2 (Bayer) VCS system.

Plasma was obtained after centrifugation (30 min,
1,000g, 4°C) of another blood sample obtained as above.

Enzymatic determinations

Catalase, glutathione peroxidase, glutathione reductase and
superoxide dismutase activities were determined in neutro-
phils using a Shimadzu UV-2100 spectrophotometer at
37°C.

Catalase activity was measured by the spectrophotomet-
ric method of Aebi (1984) based on the decomposition of
H2O2. Glutathione reductase activity was measured by a
modiWcation of the Goldberg and Spooner (1985) spectro-
photometric method. Glutathione peroxidase (GPx) activity
was measured by an adaptation of the spectrophotometric
method of Flohé and Gunzler using H2O2 as the substrate
(Flohe and Gunzler 1984). SOD activity was measured by
an adaptation of the method of McCord and Fridovich
(1969).

Plasma vitamins, carotenes and coenzyme Q determination

Vitamin E was determined in plasma and neutrophils.
Carotenes were determined in plasma. The deep-frozen

plasma or neutrophil suspensions were thawed and mixed
to disperse possible precipitates. The extraction of liposolu-
ble vitamins and carotenoids was carried out using n-hex-
ane after deproteinisation with ethanol containing 0.2%
BHT. Liposoluble vitamins and carotenoids were deter-
mined by HPLC in the n-hexane extract of plasma after
drying under a nitrogen current and redissolving in ethanol.
The mobile phase consisted of 550:370:80 acetonitrile:tet-
rahydrofuran:H2O. The HPLC was a Shimadzu with a
diode array detector and the column was a Nova Pak, C18,
3.9 £ 150 mm. �-tocopherol was determined at 290 nm. �-
carotene and lycopene were determined at 460 and 470 nm,
respectively.

Coenzyme Q was determined in another plasma extract
obtained as above following an adaptation of a HPLC
method previously described (Podda et al. 1999). A gradi-
ent is used consisting of a mixture of 31.7 mM ammonium
formate in 80:20 methanol:H2O and 31.7 mM ammonium
formate in ethanol. The HPLC system was a Shimadzu with
a diode array detector and a Nova Pak, C18, 3.9 £ 300 mm
column. Due to the sample treatment and storage condi-
tions all the coenzyme Q was determined as ubiquinone at
275 nm.

Plasma and neutrophil ascorbate were determined by an
HPLC method with electrochemical detection (Tsao and
Salimi 1982) after deproteinisation with ortho-phosphoric
acid. The mobile phase consisted of 0.05 M sodium phos-
phate, 0.05 M sodium acetate, 189 �M dodecyltrimethyl-
ammonium chloride and 36.6 �M tetraoctylammonium
bromide in 25:75 methanol: H2O, pH 4.8. The HPLC sys-
tem was a Shimadzu with a Waters Inc. electrochemical
detector and a Nova Pak, C18, 3.9 £ 300 mm column. The
potential of the chromatographic detector was set at 0.7 V
versus an Ag/AgCl reference electrode.

MDA determination

The MDA as a marker of lipid peroxidation was analysed in
plasma and neutrophils by a colorimetric assay kit (Calbio-
chem, San Diego, CA, USA). The method used is speciWc
for MDA determination.

Carbonyl derivatives determination

Protein carbonyl derivatives were measured in plasma by
an adaptation of the method of Levine et al. (1994). After
deproteinising the samples with trichloroacetic acid, precip-
itates were resuspended with 2,4-dinitrophenylhydrazine
(DNPH) 10 mM, and incubated for 60 min at 37°C. Then,
samples were precipitated with 20% trichloroacetic acid
and centrifuged for 10 min at 1,000g and 4°C. The precipi-
tate was washed twice with ethanol:ethyl acetate (1:1) to
remove free DNPH. Guanidine 6 M in phosphate buVer
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2 mM, pH 2.3 was added to the precipitate, and samples
were incubated for 40 min at 37°C. Finally, samples were
centrifuged for 5 min at 3,000g at 4°C to clarify the super-
natant and the absorbance was measured at 360 nm.

Statistical analysis

Statistical analysis was carried out by using a statistical
package for social sciences (SPSS 10 for Windows).
Results are expressed as means § s.e.m. and p < 0.05 was
considered statistically signiWcant. All the data were tested
for homogeneity of variance. Student’s t test for unpaired
data was used to identify diVerences in the physical activity
performed during the soccer match (Table 2). The eVects of
the antioxidant supplementation on the changes induced by
the football match were tested by a two-way ANOVA with
antioxidant diet supplementation (S) and the football match
(M) as ANOVA factors. The eVects of the antioxidant sup-
plementation and the training season on the basal parame-
ters were also tested using a two-way ANOVA with
antioxidant diet supplementation (S) and the 3 months of
training (T) as factors. The sets of data in which there were
signiWcant eVects were tested by the ANOVA one-way test.

Results

The physical activity performed by the football players dur-
ing the match was determined (Table 2). No diVerences
were observed during the match between the placebo and
the supplemented group in the energy consumed, the mean
cardiac frequency and the time expended in each exercise
intensity zone (from Z1 to Z5). Furthermore, no diVerence
was found in the time expended at 80–100% VO2 max (the
anaerobic metabolism zones, Z3–Z5) which was about 70%

in both groups. These observations allowed us to compare
the results obtained in the placebo and in the supplemented
groups.

Table 3 shows the eVect of diet supplementation on the
plasma and neutrophil basal levels of antioxidant metabo-
lites. The 3-month supplementation induced higher basal
plasmatic levels of coenzyme Q (29%) in the supplemented
group than in the placebo one. No signiWcant changes were
observed in the basal plasmatic levels of vitamin E, caro-
tene and lycopene.

The ANOVA analysis of the plasmatic antioxidant levels
before and after the match (Table 4) revealed a signiWcant
eVect of the supplementation on the ascorbate and coen-
zyme Q levels. As a consequence of the supplementation,
the basal coenzyme Q levels in the supplemented group
were higher than in the placebo one. On the other hand, the
non-signiWcant increases observed after the game in the
ascorbate levels induced higher Wnal levels in the supple-
mented group than in the placebo one.

Table 2 Physical activity performed during the match

No signiWcant diVerences were found between groups (Student t test
for unpaired data, p < 0.05). Z values are expressed as percentage of
time expended at each metabolic zone. Metabolic zones are deWned in
relation to maximal oxygen uptake: Z1 < 70%, Z2: 70–80%, Z3: 80–
90%, Z4: 90–100%, Z5: 100% or higher

Placebo Supplemented

Energy (kcal) 924 § 34 935 § 57

Fc med (beats/min) 163 § 4 165 § 5

Z1 (%) 8.1 § 3.2 7.6 § 3.8

Z2 (%) 21.9 § 5.5 24.6 § 7.8

Z3 (%) 40.7 § 5.7 39.4 § 7.5

Z4 (%) 27.5 § 8.7 26.0 § 10.7

Z5 (%) 1.8 § 1.0 2.4 § 1.2

Table 3 EVects of antioxidant supplementation of the diet on basal plasma and neutrophil antioxidants

Two way ANOVA

S supplementation, T time (3 months supplementation), S £ T supplementation time interaction
a Indicates signiWcant diVerences placebo versus supplemented
b Indicates signiWcant diVerences initial versus Wnal

Initial Final ANOVA

Placebo Supplemented Placebo Supplemented S £ T S T

Coenzyme Q (�g/L) 297 § 24 306 § 25 278 § 18 359 § 15a *

�-Tocopherol (�M) 21.5 § 1.2 20.4 § 1.2 23.2 § 1.2 21.8 § 1.5

Carotene (�g/L) 340 § 80 222 § 48 477 § 162 519 § 171

Lycopene (�g/L) 453 § 74 335 § 35 530 § 68 422 § 41

Neutrophils

Ascorbate (mM) 1.16 § 0.13 0.99 § 0.06 0.84 § 0.11b 0.83 § 0.12b *

�-Tocopherol (�M) 93.2 § 5.4 101 § 7 104 § 14 98.8 § 6.4
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A signiWcant eVect of the time factor was observed in the
basal neutrophil ascorbate levels (Table 3). SigniWcant
decreases were observed after the 3 months of study both in
the placebo (28%) and in the supplemented (16%) groups.
The basal neutrophil vitamin E concentrations did not
change throughout the study. However, the match induced
signiWcant decreases in neutrophil vitamin E in the placebo
and in the supplemented groups (Table 3).

Basal neutrophil counts are maintained during the
3 months of training and competition (Table 5). When
changes in the basal neutrophil antioxidant enzyme activi-
ties were analysed, a signiWcant eVect of the time factor was
observed on the glutathione reductase activity, decreasing
this activity in both groups at the end of the study. Basal
catalase and glutathione peroxidase activities did not
change along the study.

The football match performed after the supplementation
induced higher neutrophil counts (Table 6). The circulating
number of neutrophils increased about 67% in the placebo
group and about 85% in the supplemented one. The football

match inXuenced the neutrophil activities of catalase, gluta-
thione peroxidase and glutathione reductase. Catalase and
glutathione peroxidase activities decreased signiWcantly in
both placebo and supplemented groups. An increase in the
neutrophil glutathione reductase activity was observed after
the football game. This increase was signiWcant only in the
placebo group. SOD activity did not change along the
study.

Figure 1 shows the basal MDA levels in plasma and neu-
trophils before and after the supplementation period. Basal
plasma MDA levels increased both in the placebo (165%)
and in the supplemented (189%) groups at the end of the
study. The supplementation did not inXuence these basal
plasma MDA levels because they were similar in both
groups after the 3 months of study. When the changes in
plasma MDA levels during the football match were ana-
lysed (Fig. 2) a signiWcant eVect of the supplementation
was found: the values after the match were higher (100%)
in the placebo than in the supplemented group. Neutrophil
MDA levels did not change throughout the study.

Table 4 EVects of a football match and of the antioxidant supplementation on plasma and neutrophil antioxidant levels

Two way ANOVA

S supplementation, M match, S £ M supplementation match interaction
a Indicates signiWcant diVerences placebo versus supplemented
b Indicates signiWcant diVerences before versus after

Before After ANOVA

Placebo Supplemented Placebo Supplemented S £ M S M

Plasma

Ascorbate (�M) 30.9 § 3.4 40.6 § 5.08 37.1 § 4.2 52.4 § 7.2a *

Coenzyme Q (�g/L) 278 § 18 359 § 15a 278 § 30 318 § 23 *

�-Tocopherol (�M) 23.2 § 1.2 21.8 § 1.5 23.4 § 1.4 22.6 § 1.6

Carotene (�g/L) 477 § 162 519 § 171 427 § 156 443 § 171

Lycopene (�g/L) 530 § 68 422 § 41 504 § 55 430 § 47

Neutrophils

Ascorbate (mM) 0.84 § 0.11 0.83 § 0.12 0.82 § 0.05 0.77 § 0.07

�-Tocopherol (�M) 104 § 14 98.8 § 6.4 76.7 § 4.7b 76.3 § 8.6 *

Table 5 EVects of the supplementation on the basal neutrophil number and neutrophil basal antioxidant enzyme activities

Two way ANOVA

S supplementation, T time (3 months supplementation), S £ T supplementation time interaction
a Indicates signiWcant diVerences initial versus Wnal

Initial Final ANOVA

Placebo Supplemented Placebo Supplemented S £ T S T

103 cells/�L blood 3.54 § 0.44 3.30 § 0.29 3.20 § 0.41 3.45 § 0.31

Catalase (K/109 cells) 15.2 § 1.8 16.4 § 2.0 17.8 § 1.4 16.6 § 1.5

GPx (nkat/109 cells) 28.3 § 2.8 25.9 § 2.3 27.4 § 2.3 23.4 § 2.3

G Red (nkat/109 cells) 91.9 § 33.1 118 § 29 46.7 § 6.1 42.7 § 7.3a *
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Plasma protein carbonyl derivatives, as oxidative stress
marker, were also measured before and after the football
match (Fig. 2). The supplementation did not induce any

diVerences in the pre-match protein carbonyl concentra-
tions. However, concentrations were signiWcantly lower in
the supplemented group than in the placebo one after the
match.

Discussion

Plasma antioxidant vitamins and other nutrient levels of all
sportsmen participating in the study were within the range
of well-nourished people (Tauler et al. 2002b). Diet supple-
mentation with the antioxidant cocktail induced a real
increase in the plasma levels of coenzyme Q. Under normal
conditions plasma coenzyme Q concentrations are not sig-
niWcantly aVected by dietary components such as dairy
products, eggs, Wsh and vegetables. The nutritional habits
of the football players participating in the study did not
inXuence the basal levels of antioxidant nutrients in plasma.
Coenzyme Q supplementation leads to increases in plasma
coenzyme Q concentrations, the extent of which depends
upon the dosage, duration and also the type of formulation
(Bhagavan and Chopra 2006). The controlled trials seems
to report a dose-dependent increase in plasma coenzyme Q
in function of the chronic daily dose of coenzyme Q admin-
istered up to the daily dose of 200 mg (Bhagavan and Cho-
pra 2006). Sportsmen in the present study took a 100 mg/
day dose of coenzyme Q, but plasma concentration
increased only about 25%; this increase is lower than those
described by others (Kaikkonen et al. 2002; Niklowitz et al.
2004). However, and in accordance with the lower
increases in other antioxidant nutrients as vitamin E and
vitamin C observed after their supplementation (Tauler
et al. 2002b), sportsmen present higher resistance to
increase plasma coenzyme Q10 concentration than general
population. It has been postulated that the reduced form of
coenzyme Q10, together with �-tocopherol, prevents lipid
peroxidation in plasma lipoproteins and biological mem-
branes (Ernster and Forsmark-Andree 1993). The lower
increase in coenzyme Q10 observed in plasma of sportsmen

Table 6 EVects of the football match on the neutrophil number and neutrophil antioxidant enzyme activities after the antioxidant supplementation

Two way ANOVA

S supplementation, M match, S £ M supplementation match interaction
a Indicates signiWcant diVerences before versus after

Before After ANOVA

Placebo Supplemented Placebo Supplemented S £ M S M

103 cells/�L blood 3.20 § 0.41 3.45 § 0.31 5.34 § 0.49a 6.38 § 1.31a *

Catalase (K/109 cells) 17.8 § 1.4 16.6 § 1.5 10.8 § 1.2a 11.5 § 1.2a *

GPx (nkat/109 cells) 27.4 § 2.3 23.4 § 2.3 17.4 § 1.6a 16.4 § 2.3a *

G Red (nkat/109 cells) 46.7 § 6.1 42.7 § 7.3 144 § 35a 100 § 34 *

SOD (pkat/109 cells) 86.3 § 14.5 78.4 § 13.5 83.1 § 8.9 85.4 § 25.9

Fig. 1 EVects of the antioxidant supplementation on basal plasma and
neutrophil MDA levels. Two way ANOVA. S supplementation; T time
(3 months supplementation). S £ T supplementation time interaction.
Hash symbol indicates signiWcant diVerences placebo versus supple-
mented; ambersand indicates signiWcant diVerences initial versus Wnal

Fig. 2 EVects of a football match and of the antioxidant supple-
mentation of the diet on the oxidative damage markers in plasma and
neutrophils. Two way ANOVA. S supplementation; T time (3 months
supplementation). S £ T supplementation time interaction. Hash
symbol indicates signiWcant diVerences placebo versus supplemented;
ambersand indicates signiWcant diVerences initial versus Wnal
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could indicate higher coenzyme Q10 cellular utilization by
sportsmen than by general population.

The training and competition sessions resulted in
increased basal oxidative stress as indicated by the
increased MDA plasma levels after the 3 months of study.
The antioxidant supplementation did not prevent this basal
increased oxidative stress because similar increases were
observed in both groups. It has been previously reported
that an antioxidant supplementation with vitamin C, E and
�-carotene decreased the lipoperoxide levels in basketball
players (Schroder et al. 2000). DiVerences in the supple-
mentation, in the oxidative stress markers analysed and in
the competition and training sessions developed by the
sportsmen could explain the diVerences in the results
obtained. The molecular damage produced by ROS is paral-
lel to the activation of the endogenous antioxidant defences
(Gomez-Cabrera et al. 2005; Jackson 1999; Sureda et al.
2005). In a similar way, free radicals could be involved in
the muscle adaptations to exercise in skeletal muscle; some
ROS production is needed to attain optimal muscular iso-
metric force production (Reid 2001). The basal plasma
molecular damage increased during the study; this increase
could be related with the muscle adaptations to exercise
mediated by ROS. The surplus intake of antioxidants with
the supplement did not inXuence the adaptations to exer-
cise.

DT-diaphorase (NAD(P)H: quinone acceptor oxidore-
ductase) is an inducible antioxidant enzyme that maintains
the reduced antioxidant form of coenzyme Q10 in mem-
brane systems and to protect against xenobiotics which
could generate ROS (Radak et al. 2000). DT-diaphorase
activity increased in response to regular exercise in rats
(Radak et al. 1999, 2000) and in response to chronic admin-
istration of hydrogen peroxide (Radak et al. 2000). In the
present study DT-diaphorase activity has not been deter-
mined. Recent studies reported that antioxidant supplemen-
tation could prevent endogenous antioxidant adaptations to
increased ROS production (Gomez-Cabrera et al. 2005).
However, it has been also indicated that molecular damage
produced by ROS is parallel to the activation of the endog-
enous antioxidant defences (Gomez-Cabrera et al. 2005;
Jackson 1999; Sureda et al. 2005). Because a similar
increase in basal plasma MDA levels had been found in
both groups after the 3 months of supplementation in the
present study, we could suppose that DT-diaphorase activ-
ity could be increased in both groups in parallel to
increased MDA levels as a result of regular exercise as it
has been indicated previously (Radak et al. 1999, 2000).
However, additional studies are necessary in order to deter-
mine the eVects of a supplementation with coenzyme Q on
DT-diaphorase activity.

Increases in plasma MDA levels after exercise are
widely shown in the literature (Miyazaki et al. 2001; Tauler

et al. 2006). We appreciate a high variability in the post-
exercise MDA values between sportsmen, probably
because the intensity of the exercise developed by the foot-
ball players depends on their position. The maintenance of
protein carbonyl derivatives after the football match is in
agreement with the Wndings of others (Miyazaki et al.
2001). A strong correlation between serum and urinary pro-
tein carbonyl derivatives was found in a previous study
(Radak et al. 2003), suggesting that the Wltration of car-
bonylated proteins could prevent its accumulation in
plasma. Furthermore, results obtained in the present study
revealed an inXuence of antioxidant levels because car-
bonyl derivatives were lower in the supplemented group
than in the placebo one after the match. In fact, antioxidant
supplementation inXuenced not only carbonyl derivative
but also MDA levels in plasma. Taken together, we can
suggest that even with low values of oxidative stress mark-
ers, the moderate antioxidant supplementation induced ben-
eWcial eVects as indicated by the lower post-exercise MDA
and carbonyl plasma levels in the supplemented group.

The football match decreased the neutrophil �-tocoph-
erol but maintained the plasma concentrations in both
groups. Changes in neutrophil tocopherol levels could be
related with its availability but also with the exercise-
induced oxidative stress. Previous studies have shown
increases in neutrophil tocopherol after an acute bout of
exercise, especially in supplemented sportsmen, but related
to increases in plasma tocopherol (Cases et al. 2005).
Increases in plasma tocopherol are, in turn, related with the
VLDL output from the liver and with the triglyceride mobi-
lisation when the intensity and duration of the exercise acti-
vate these processes (Aguilo et al. 2005). Higher oxidative
stress levels or longer exercises could activate mechanisms
leading to increased neutrophil vitamin E levels. As far as
we know mechanisms underlying the neutrophil vitamin E
uptake are not well known. Decreased vitamin E levels
could be related to the maintenance of MDA levels in neu-
trophils. Vitamin E could play an essential role in neutro-
phils preventing higher oxidative damage as it is indicated
by the lack of increases in MDA levels. It seems that neu-
trophil antioxidant defences are eVective preventing exer-
cise-induced oxidative damage because no changes in
oxidative stress markers have been reported after several
exercises (Sureda et al. 2005).

Interactions between neutrophil antioxidant enzyme
activities and training but also with antioxidant supplemen-
tations have been previously reported (Tauler et al. 2002b).
A signiWcant decrease was observed in the basal neutrophil
glutathione reductase activity during the study. We previ-
ously reported a signiWcant decrease in neutrophil glutathi-
one reductase activity after 3 months of training and
competitions (Tauler et al. 2002b). However, this activity
decreased only in the placebo group whereas it was
123
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maintained in the antioxidant supplemented one (Tauler
et al. 2002b). In the present study the moderate antioxidant
supplementation did not prevent the decrease in glutathione
reductase activity. Decreases in glutathione reductase activ-
ities have been related to increased requirements of riboXa-
vin in trained sportsmen (Ohno et al. 1988), because this
enzyme is highly dependent on this vitamin. This is rather
unlikely in this study because we ensured that the demands
of riboXavin were covered with the supplementation. Thus,
other causes such as oxidative modiWcations in the enzy-
matic protein should be considered as the main factor
inducing the activity decrease (Tauler et al. 2002b).

Exercise induces an acute phase immune response
(APIR) similar to the one induced by an infection (Cannon
and Blumberg 2000). Increased neutrophil circulating
counts as well as decreased neutrophil antioxidant enzyme
activities (Tauler et al. 2002a) have been reported during
this APIR. The football match induced an APIR but not as
important as the ones observed after more intense exercises
(Tauler et al. 2002a) as it is indicated by the slight changes
observed in parameters such as the neutrophil number. The
antioxidant diet supplementation inXuenced the APIR
induced by exercise, producing higher decreases of antioxi-
dant enzyme activities in neutrophils (Tauler et al. 2003b).
However, the moderate antioxidant diet supplementation in
this study did not inXuence neutrophil antioxidant response
to the exercise because similar pictures were observed after
the match in both the placebo and the supplemented groups.
Catalase and glutathione peroxidase, the hydrogen peroxide
removing enzymes, decreased their activities after the foot-
ball match. However, glutathione reductase increased its
activity, indicating enhanced glutathione regeneration in
neutrophils after the football match. This increased gluta-
thione reductase activity after the match could evidence a
good availability of riboXavin; then, the basal decrease in
this enzyme activity after the period of training and compe-
tition must be attributed to decreased enzyme levels. The
increased glutathione reductase and the decreased glutathi-
one peroxidase activities after the match could indicate that
this enhanced glutathione regeneration is not induced by a
higher rate in its consumption to remove H2O2, suggesting
another role for glutathione in the neutrophil antioxidant
defence during exercise. This role could be related to the
recycling of ascorbate from its oxidised form, dehydro-
ascorbate. Neutrophils preferentially uptake dehydroascor-
bate and then it is reduced to ascorbate by both glutathione-
dependent and glutathione-independent systems (Welch
et al. 1995). Then, the maintenance of neutrophil ascorbate
concentration after the football match is in accordance with
this potential role for glutathione and with the increased
glutathione reductase activity.

In summary, the moderate antioxidant supplementation
of the diet for 3 months using a multivitamin and mineral

cocktail prevented the plasma oxidative molecular damage
induced by a football match without inXuencing the antiox-
idant adaptations induced by exercise. The supplementation
did not inXuence the antioxidant response or the oxidative
stress makers in neutrophils.
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