
Original Research

Multivitamin-Mineral Supplementation Prevents Lipid
Peroxidation during “The Marathon des Sables”

Guillaume Machefer, PhD, Carole Groussard, PhD, Sophie Vincent, PhD, Hassane Zouhal, PhD, Henri Faure, PhD,
Josiane Cillard, PhD, Zsolt Radák, PhD, Arlette Gratas-Delamarche, PhD

Laboratory of Physiology and Biomechanics of Muscular Exercise, UFR-APS, University of Rennes 2 (G.M., C.G., S.V., H.Z.,
A.G.-D.), G.I.S.«Sciences of Movement» (G.M., C.G., S.V., H.Z., J.C., A.G.-D.), Laboratory of Cellular and Plant Biology,
Faculty of Pharmacy, University of Rennes 1 (J.C.), Rennes Cedex, Department of Integrated Biology, CHUG, Grenoble (H.F.),
FRANCE, Department of Exercise Physiology, School of Sport Science, Semmelweiss University Budapest, Budapest, HUNGARY
(Z.R.)

Key words: exercise, marathon, oxidative stress, supplementation, vitamins, antioxidant

Objective: We investigated the effect of a moderate mutivitamin and mineral supplementation containing
mainly vitamin C (150.0 mg.day�1), vitamin E (24.0 mg.day�1) and �-carotene (4.8 mg.day�1) prior to and
during an extreme running competition -the Marathon des Sables (MDS)- that consisted of six long races in the
desert.

Methods: Seventeen athletes participated in our double blind, placebo-controlled study. Blood samples were
collected prior to the supplementation i.e. three weeks before the competition (D-21), two days prior to the MDS
(D-2), after the third race (D3) and at the end of the competition (D7). Erythrocyte antioxidant enzyme activity
(glutathione peroxidase (GPx), superoxide dismutase (SOD)), erythrocyte glutathione level (GSH), plasma
non-enzymatic antioxidant status (uric acid, vitamin C, �-tocopherol, retinol, �-carotene), markers of plasma
lipid peroxidation (thiobarbituric reactive substances (TBARS)), reactive carbonyl derivatives (RCD) and
membrane damage (creatine kinase and lactate dehydrogenase activities) were measured.

Results: In both groups, GSH levels, uric acid levels and membrane damage significantly increased during
the competition while SOD activity significantly decreased. In Supplemented group, plasma �-tocopherol,
�-carotene and retinol levels significantly increased after three weeks of supplementing. In contrast to Placebo
group, �-tocopherol, vitamin C and retinol levels were significantly affected by the competition in Supplemented
group. Moreover, no increase in TBARS was observed in Supplemented group during the competition, whereas
TBARS significantly increased at D3 in the placebo group.

Conclusion: The moderate multivitamin-mineral supplementation prevented the transient increase in
TBARS levels during this extreme competition.

INTRODUCTION

Acute exercise and repetition of long exercises are now well
known to produce reactive oxygen species (ROS) and to induce
oxidative damage [1–3]. So, the efficiency of antioxidant pro-
tection in athletes is essential.

The exogenous antioxidants that are provided by the diet
interact with endogenous antioxidant. Some minerals as cop-
per, zinc and selenium contribute to the antioxidant defense

system by acting as co-factors for antioxidant Cu-Zn superox-
ide dismutase and glutathione peroxidase activities respectively
but the main antioxidant diets are the antioxidant vitamins such
as vitamin E, vitamin C and �-carotene. These vitamins neu-
tralize several ROS [4–5] and also play a major role in exer-
cise-induced oxidative stress. Their needs are increased in
trained athletes and, sometimes, antioxidant vitamin intakes
appeared insufficient in athletes [6–8]. In this way, some
investigators showed beneficial effects of antioxidant vitamin
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supplementation during acute exercise or training period
[9–12]. In particular, these studies showed that antioxidant
vitamin supplementation prevents exercise induced lipid per-
oxidation [9–12]. The supplementation generally contains an-
tioxidant vitamin concentrations that largely exceeded the Di-
etary Recommended Intake (DRI) (for example 1000 mg
vitamin C, 400 mg of �-tocopherol equivalent, 32 mg of
�-carotene per day [9]).

The competition entitled “Marathon des Sables” (MDS) is
an unusual running competition. It consists of 6 very long
duration races in the Moroccan desert, during which athletes
carried their own food. Previously, we showed that athletes
who participated to the 2001 edition of the MDS exhibited an
imbalance between oxidant and antioxidant systems 72 hours
after this competition [13]. So, we hypothesize that a moderate
vitamin and mineral supplementation, near the French DRI of
athletes, could improve antioxidant system and limit lipid per-
oxidation during this extreme competition.

The objective of the study was to investigate the effects of
a multivitamin and mineral complex containing mainly antiox-
idant agents prior to and during the 2002 MDS on 1) plasma
markers of oxidative damage and markers of membrane alter-
ations and on 2) the blood antioxidant status.

METHODS

Subject Characteristics

Seventeen healthy long-distance runners (16 men and 1
woman) participating in regular running exercises were in-
volved in the present placebo-controlled, double-blind study.
The athletes usually ran 85.0 � 6.4 km per week (marathon
time average 188.3 � 6.1 min) and trained for ultradistance
events for 8.2 � 1.4 years. Over the three weeks preceding the
MDS, training volume was reduced about 30–40%. All sub-
jects were non-smokers and none was taking any medication or
vitamin supplementation before and during the study. Oral and
written informed consents were obtained after purposes and
risks were explained. The protocol of the study was reviewed
and approved by the local ethics committee for human subjects.

At the beginning of the study, the athletes were double blind
randomly divided into a Supplemented group (S) (10 men) and
a Placebo group (P) (6 men and 1 woman). The characteristics
of the subjects in S and in P group were described in Table 1.
The percentage of body fat was estimated from 4 skinfold
thicknesses [14]. Maximal oxygen uptake (V̇O2max) was mea-
sured using a graded treadmill test performed until exhaustion
according to a previously described method [15]. Heart rate
was recorded with an electrocardiogram (Personal 120/210
LAPTOP) throughout the test and V̇O2 was measured using a
breath-by-breath automated exercise metabolic system (CPX,
Medical Graphics, St. Paul, Minnesota, USA). At the beginning
of the study, there were no significant differences in subject

characteristics between P and S group (Table 1). Physical
characteristics, including the measurement of height, weight
and body fat, were also monitored and recorded during the
competition.

Supplementation Protocol

Subjects were instructed to ingest three tablets per day for
three weeks before the competition and during the week of
competition. Tablets were ingested with breakfast except be-
fore the competition when tablets where ingested following the
blood draw. Supplemented subjects took tablets of Isoxan-
Endurance® (NHS, Paris, Rungis, France). The supplementa-
tion tablets contained antioxidant vitamins, vitamins of B group
and trace minerals (Table 2). Placebo subjects consumed tablets
of lactose and cellulose that had similar form and taste.

Diet

The subjects were all asked to maintain their normal eating
habits during the three weeks prior to the MDS. A quantitative
assessment of dietary intake was provided by means of a 7-day
food record. The food records were analyzed using a computer
dietary analysis (Profil v 6.5, C.I.A.M., Saint-Chouldard,
France) employing the Ciqual table of food composition. Dur-
ing the competition, it was impossible to evaluate the exact
antioxidant intake since the athletes throw away their packag-
ing of food in order to limit their bag weight. Moreover, the

Table 1. Physiological Characteristics and Training Status of
the Athletes in Supplemented (S) and Placebo (P) Group

Variable
Supplemented

group
(n � 10)

Placebo
group

(n � 7)

Age (year) 41.3 � 2.6 37.9 � 1.8
Height (cm) 174.9 � 2.7 173.1 � 1.6
Fat (%) 16.8 � 0.6 16.8 � 1.2
Body mass (kg) D-21 70.4 � 3.2 64.9 � 2.9
Weekly exercise sessions 5.7 � 0.7 5.2 � 0.6
Weekly distance of training (km) 88.0 � 9.0 80.7 � 9.1
Best performance in marathon

(min) 187.8 � 8.6 189.2 � 8.6
V̇O2max (mL � min�1 � kg�1) 58.8 � 1.1 58.9 � 0.5

Values for each group are presented as means � SEM.

Table 2. Vitamins and Trace Elements Contained in 1 Tablet
(Isoxan-Endurance®, NHS, Paris, Rungis, France) of the
Supplementation

Vitamins Minerals

Vitamin E 8.0 mg Vitamin B3 5.0 mg Cu 1.1 mg
Vitamin C 50.0 mg Vitamin B5 2.0 mg Mg 43.3 mg
�-carotene 1.6 mg Vitamin B6 1.3 mg Zn 4.7 mg
Vitamin B1 1.1 mg Vitamin B8 33.3 �g Fe 3.3 mg
Vitamin B2 1.2 mg Vitamin B9 100.0 �g Mn 1.16 mg
Vitamin B12 1.0 �g Se 38.3 �g
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precise composition of food (especially in antioxidant nutri-
ents) did not appear on the pre-packaged food concerning
specific energetic food, liquid or paste.

Blood Collection

The subjects went to the laboratory twice: at D-21, the day
of the beginning of the supplementation i.e. 21 days before the
competition, at D-2, two days before the competition i.e. after
19 days of supplementation. Four blood samples were drawn
from an antecubital vein, at rest, in the laboratory at D-21 and
at D-2 between 09.00 to 10.00 h prior to the ingestion of the 3
tablets, and in Morocco during the MDS at day 3 (D3), ap-
proximately 3 hours after the third race and at day 7 (D7),
approximately 3 hours after the sixth and last race.

Exercise Protocol

In 2002, the MDS competition took place for 7 days. It
consisted of 6 races according to the following protocol. During
the first three days, subjects ran 26, 36 and 31 km respectively
each day. The distance of the fourth race, at day 4, was 71 km.
Day 5 was a resting day. Races 5 and 6 at day 6 and day 7 were
42 km- and 20 km-races respectively. All the races began at
09.00 h. During this competition, all athletes carried their own
food and equipment which weighed between 5 and 15 kg at the
beginning of the competition. The organization only provided
the water, which was restricted to 9.0 to 10.5 L per day
according to the distance.

Materials and Reagents

Metaphosphoric acid (MPA), butylated hydroxytoluene
(BHT), 1,1,3,3 tetramethoxypropane, phosphotungstic acid,
thiobarbituric acid (TBA), H2SO4, trichloroacetic acid (TCA),
hydrochloride (HCl) and 2,4-dinitrophenylhydrazone (DNPH),
were purchased from Sigma (St Quentin Fallavier, France).
Acetic acid, ethanol, and n-butanol were from Merck (Darmas-
tadt, Germany) and vacutainers were from Terumo Europe
(Leuven, Belgium).

Blood Samples Preparation

Preparations of blood samples were immediately carried out
after collection. Blood was drawn into two 7 mL vacutainer
tubes (Terumo Europe, Belgique). The first one contained
heparin. An aliquot (500 �L) of whole blood was frozen at
�80°C for SOD activity measurement and another aliquot (150
�L) was frozen at �20°C for GPx activity determination (with
a maximum conservation of 20 days). For reduced GSH anal-
ysis, 500 �L of fresh whole blood were centrifuged at 2500 �

g (5 min, 4°C). The plasma supernatant was discarded and the
erythrocyte pellets were resuspended in 4 volumes of meta-
phosphoric acid (6% w/v in water). After being shaken vigor-
ously, the solution was centrifuged at 3000 x g (10 min, 4°C).
The aciditic protein-free supernatants were stored at �80°C

until analysis. The rest of the plasma was aliquoted (500 �L for
plasma TBARS estimation, 1 mL for plasma alpha-tocopherol,
retinol and �carotene measurement, 300 �L for the RCD
concentration, 300 �L for the CK and LDH activities determi-
nation and 200 �L for the uric acid measurement) and was
stored at �80°C. For vitamin C determination, an aliquot (500
�L) of plasma was added to 4.5 mL of MPA (5% w/v) prior to
the storage at �80°C.

The second 7 mL vacutainer containing EDTA was used to
determine haematocrit (Hct) and blood concentration of hemo-
globin (Hb). For the Hct measurements, whole blood samples
were collected into micro Hct tubes, which were then centri-
fuged (Hema-C, Jouan, France) for 3 min. Hct was calculated
by measuring the ratio between the blood cell volume and the total
volume of the sample. Hct measurements were done in triplicate.
For hemoglobin determination, the vacutainer was analyzed with
an automate (Hemocue B-haemoglobin, Hemocue®, UK).

Biochemical Analysis

Oxidative Stress Markers. Lipid peroxidation was esti-
mated by analyzing plasma TBARS levels [16]. The method
was adapted taking into account the recommendations of Hal-
liwell and Chirico [17]. Tetramethoxypropane was used to
establish a standard curve of MDA-TBA complex. TBARS
levels were estimated by spectrophotometric absorbance at 532
nm. The measurement of RCD was carried out by spectropho-
tometric method at 360 nm as described earlier [18]. In sum-
mary, proteins of 100 �L of plasma were precipitated with
trichloroacetic acid (TCA). After centrifugation (10 min, 20000
g, 4 °C), the pellets were suspended and incubated in a solution
containing 10 mM DNPH or 2 N HCl for 60 min at 24°C. TCA
(500 �L) was added and resulting proteins hydrazones were
centrifuged at 16000 x g for 10 min. The pellets were washed
twice with absolute ethanol (1:1) and once with acetone. The
final precipitates were dissolved in 1 mL buffer containing 8 M
urea. After this, we measured the protein content of all samples
[19] in order to bring the RCD into mg of protein.

Muscle Damage. Membrane damage was evaluated by the
measurement of plasma CK (EC 2.7.3.2) and LDH (EC
1.1.1.27) activities. Both of the assays used a Sigma test (47-10
and 228-20 respectively) (St Quentin Fallavier, France).

Antioxidant Status. Plasma vitamin C level was deter-
mined by high performance liquid chromatography (HPLC)
[20]. Plasma �-tocopherol, retinol, and �-carotene levels in
plasma were measured using a reversed HPLC procedure [21].
Plasma uric acid level was measured by spectrophotometric
method using a Sigma kit (686-A) (St Quentin Fallavier,
France). Erythrocyte reduced GSH was determined spectropho-
tometrically using the GSH-400 kit (Bioxytech, Oxis interna-
tional Inc., Portland, USA). Erythrocyte antioxidant enzymes
were evaluated by measuring erythrocyte GPx (EC 1.11.1.9)
and SOD (EC 1.15.1.1) activities. Both assays used a Randox
test combination (Randox, Montpellier, France). The Ransel
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test (RS506) was used for GPx activity. This method uses an
enzyme-coupled reaction and measures the oxidation of
NADPH by cumen hydroperoxide as substrate. The Ransod test
(SD125) for SOD activity determination employs xanthine and
xanthine oxidase to generate superoxide radicals which react
with 2-(4-iodophényl)-3-(4-nitrophenol)-5-phenyltetrazolium
chloride (INT) to form a red formazan dye. SOD activity is then
measured by the degree of inhibition of this reaction.

Expression of the Results and Statistical Analysis

Repetitive exercise and heat exposure induce plasma vol-
ume changes (�PV) which necessarily modify all measured
plasma concentrations. Therefore, the plasma chemical values
(TBARS and antioxidant vitamins concentrations, CK and
LDH activities) measured in this study were all corrected
taking into account �PV using the equation that takes into
account the Hct and Hb variation [22]:

VC � VM � �Hb1

Hb2
�

[1 � (Hct2 � 10�2)]

[1 � (Hct1 � 10�2)]�
VC: value corrected
VM: value measured
Hb1 and Hct1: heamoglobin (g/100mL) and hematocrit (%)

at D-21
Hb2 and Hct2: heamoglobin (g/100mL) and hematocrit (%)

at D-2, D3 or D7
Moreover, as possible changes in erythrocyte number may

occur following exercise, the antioxidant enzyme activities
were corrected taking into account Hb variations.

Results are expressed as means � SEM, as absolute values
(basal values), or in percentage where 100 % value represents
value at D-21. An unpaired t test was used to analyze differ-
ences between P and S group. One-way ANOVA with repeated
measures was used to test for significant differences of oxidant
and antioxidant markers between D-21, D-2, D3 and D7. Two-
way ANOVA with repeated measures was used to test for
significant differences between P and S group. The limit of
significance was set at p � 0.05.

RESULTS

Physiological Characteristics

All of the athletes that participated to our study completed
the competition. As expected, the one-week race session in-
duced a significant decrease in body mass in P and S group
(�4.2 � 0.6 kg and �3.3 � 1.0 kg respectively) between D-21
and D7 without any significant changes in body fat.

Diet

No significant differences were found between groups con-
cerning daily energy intake (9 � 1.6 MJ.day�1 vs 9 � 0,9

MJ.day�1, P vs S respectively), and caloric profile prior to the
competition. Without the supplementation, antioxidant vitamin
intakes were not statistically different between groups (Retinol:
0.5 � 0.2 mg.day�1 vs 0.5 � 0.1 mg.day�1; Vitamin C:
224.5 � 71.1 mg.day�1 vs 118.3 � 27.8 mg.day�1; Vitamin E:
6.8 � 0.8 mg.day�1 vs 6.6 � 2.6 mg.day�1; �-carotene: 3,4 �

2.4 mg.day�1 vs 3.5 � 1.1 mg.day�1 in P and S respectively).

Markers of Oxidative Stress and Muscle Damage

Plasma TBARS Levels. Basal values of TBARS concen-
trations were not statistically different at the beginning of the
study between the two groups: 2.47 � 0.14 �mol.l�1 and
2.49 � 0.10 �mol.l�1 in P and S group respectively. TBARS
levels remained stable throughout the MDS in S group (Fig.
1A) whereas in P group, a transient and significant increase
(about 80%) in TBARS was observed at D3. In addition, at D3,

Fig 1. Plasma Thiobarbituric Reactive Substances (TBARS) (A) and
Reactive Carbonyl Derivatives (RCD) (B) levels in Supplemented (�)
and Placebo (■ ) group at the beginning of the study (D-21), after 19
days of supplementation (D-2), during (D3) and at the end (D7) of the
competition. Results are expressed as means as � SEM where 100%
value represents value at D-21. In each group, the values not sharing
the same letter were significantly different at p � 0.05. $ indicated
significant differences between P and S group at p � 0.05.
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TBARS level was significantly lower in S group than in P
group. In P group, TBARS returned to their initial level at D7.

Plasma RCD Levels. Basal values of RCD concentrations
were 0.35 � 0.03 nmol RCD per mg of protein in P group and
0.34 � 0.04 nmol RCD per mg of protein in S group. No
significant different was observed between S and P group
during all the study (Fig. 1B). However, P group exhibited a
significant decrease in RCD at D7 compared with D-2 and D3.

Plasma CK and LDH Activities. CK (Fig. 2A) and LDH
(Fig. 2B) activities had a similar pattern in S and P group. In
both groups, a significant increase (fivefold) in plasma CK and
LDH activities was observed at D3 and remained higher at D7
compared with their pre-race values at D-21 and D-2.

Antioxidant Systems

Erythrocyte Antioxidants. Erythrocyte GPx activity (Fig.
3A) did not show any significant change. SOD activity in-

Fig 2. Plasma creatine kinase (CK) (A) and lactate dehydrogenase
(LDH) (B) activities in Supplemented (�) and Placebo (■ ) group at the
beginning of the study (D-21), after 19 days of supplementation (D-2),
during (D3) and at the end (D7) of the competition. Results are
expressed as means as � SEM where 100 % value represents value at
D-21. In each group, the values not sharing the same letter were
significantly different at p � 0.05.

Fig 3. Erythrocyte glutathione peroxidase (GPx) (A), superoxide dis-
mutase (SOD) (B) activities and reduced glutathione (GSH) level (C) in
Supplemented (�) and Placebo (■ ) group at the beginning of the study
(D-21), after 19 days of supplementation (D-2), during (D3) and at the
end (D7) of the competition. Results are expressed as means as � SEM
where 100 % value represents value at D-21. In each group, the values
not sharing the same letter were significantly different at p � 0.05.
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creased in both groups at D-2 compared with D-21 (Fig. 3B)
whereas SOD activity significantly decreased at D7 in both
groups compared with D-2. A significant increase in GSH level
compared with D-21 and D-2 was observed at D3 and at D7 in
S group but only at D3 in P group.

Plasma Antioxidants. The plasma uric acid level (Fig. 4A)
increased significantly during the race at D3 and at D7 com-
pared with D-21 and D-2 in both groups without any significant
difference between the two groups.

Changes in plasma retinol, vitamin C, �-tocopherol and
�-carotene concentrations were described in Fig. 4B, Fig. 5A, Fig.
5B and Fig. 5C, respectively. At baseline, there were no statisti-
cally significant differences in antioxidant vitamin concentrations
between P and S groups (retinol: 1.7 � 0.2 �mol.L�1 vs 1.9 �

0.1 �mol.L�1; �vitamin C: 59.7 � 4.3 �mol.L�1 vs 61.1 � 6.7
�mol.L�1; �-tocopherol: 27.4 � 2.4 �mol.L�1 vs 31.6 � 2.2
�mol.L�1; �-carotene: 0.7 � 0.1 �mol.L�1 vs 0.5 � 0.1

�mol.L�1 in P vs S respectively). In P group, no significant
change were observed concerning the whole plasma antioxidant
vitamin concentrations throughout the study period. By contrast,
in S group, plasma �-tocopherol, retinol and �-carotene levels

Fig 4. Plasma acid uric (A) and retinol (B) levels in Supplemented (�)
and Placebo (■ ) group at the beginning of the study (D-21), after 19
days of supplementation (D-2), during (D3) and at the end (D7) of the
competition. Results are expressed as means as � SEM where 100 %
value represents value at D-21. In each group, the values not sharing
the same letter were significantly different at p � 0.05.

Fig 5. Plasma vitamin C (A) �-tocopherol (B) and �-carotene (C)
levels in Supplemented (�) and Placebo (■ ) group at the beginning of
the study (D-21), after 19 days of supplementation (D-2), during (D3)
and at the end (D7) of the competition. Results are expressed as means
as � SEM where 100 % value represents value at D-21. In each group, the
values not sharing the same letter were significantly different at p � 0.05.
$ indicated significant differences between P and S group at p � 0.05.
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increased significantly at D-2 compared with D-21. In addition,
�-tocopherol and retinol levels significantly decreased at D7 com-
pared with D-2, whereas vitamin C levels increased significantly
at D7 compared to D-21.

Performances during the MDS

No statistically significant differences were found in the
total run time (1749.6 � 109.5 min in S group vs 1850.1 �

96,7 min in P group) and in the average running speed (8.0 �

0.5 km.h�1 in S group vs 7.4 � 0.4 km.h�1 in P group)
between P and S groups.

DISCUSSION

The present study reported on the effects of a moderate
vitamin/mineral supplementation on plasma lipid peroxidation
and protein oxidation markers, plasma muscular damage and
blood antioxidant systems in response to a repetition of long
exercises. The main results showed that the combination of
multivitamin and mineral antioxidant complex prevented lipid
peroxidation induced by repetition of exercises an may improve
mobilization and/or utilization of antioxidant vitamins.

In the present study, the results were obtained in 17 athletes;
the limited number could be explained by the voluntary partic-
ipation and mainly by the extreme difficulties of the competi-
tion. As indicated by their training habits and by their labora-
tory performances (V̇O2max), all the subjects were well-trained
endurance athletes. Their performances during the MDS, be-
tween the 6th and 351th place of 700 competitors, confirmed
their good physical capacities. The supplementation proposed
in this study was only 2 to 3 times the French DRI and, as
expected, had no effect on physical performances during the
one-week competition.

Thiobarbituric acid reactive substances (TBARS) are usu-
ally used a marker for lipid peroxidation during exercise-
induced oxidative stress [2,11,13]. In this study, we adapted the
protocol by Yagi [16] by adding the chain-breaking antioxidant
butylated hydroxy toluene (BHT) in order to prevent the non-
specific amplification of peroxidation during the assay as it was
recommended by Halliwell and Chirico [17]. We observed a
significant increase in plasma TBARS levels in P group at D3
whereas TBARS levels were not significantly changed in S
group at the same time. In addition, TBARS levels were sig-
nificantly higher in P group than in S group at D3. Thus, the
moderate multivitamins and mineral supplementation limited
lipid peroxidation induced by repetition of 3 races (D3). While
this result has never been shown during a week of running
exercises with physiological dose of antioxidant supplementation,
other studies concerning acute exercise and training period support
our finding [9–12]. On D7, in P group, plasma TBARS value
returned to its basal value. It is difficult to explain the lack of
TBARS response in P group by the 3 hour-delay in sample

collection on D7 since samples were collected in the same delay
on D3. So this result might suggest that an adaptive response
occurred. Radák et al., [18] put forward similar conclusions. They
observed a transient increase in urinary 8-hydroxydeoguanosine in
athletes during a four-day race (93 km, 120 km, 56 km and 59 km
respectively).

Concerning protein oxidation, no effect of supplementation
was demonstrated since no increase was observed in both
groups during and after the competition. It has been already
found that acute exercise did not significantly increase the
oxidation of protein [23]. By contrast, a slight but significant
decrease in P group was observed at D7 compared with D3.
The mechanisms remained to be clarified. A possible protective
effect of heat shock proteins (HSP) could not be excluded since
prolonged exercise and heat exposure are well known to be
important factors of HSP production [24–25].

The supplementation did not prevent the increase in plasma
CK and LDH activities since a similar increase was observed in
both groups. The increase in plasma CK and LDH activities has
been attributed to membrane disruption. Such lesions are
mainly due to mechanical damage and/or oxidative stress dur-
ing exercise [26]. In this study, the lack of any protective effect
of the supplementation argues in favor of a major mechanical
lesion. Indeed, it is well accepted that repetition of exhaustive
eccentric contractions, as observed during long running exer-
cise, leads to cell damage [27].

The beneficial effect of the moderate supplementation on
TBARS levels could not be explained by the improvement of
antioxidant enzyme activities. Indeed, no significant differ-
ences were observed between the two groups concerning the
erythrocyte GPx and SOD activities. The absence of significant
change in erythrocyte GPx activity and the decrease in eryth-
rocyte SOD activity has been already described after exercise
[23,28–30]. The decrease in erythrocyte SOD activity may be
attributed either to insufficient intakes in Cu or to the inacti-
vation or protein degradation of this enzyme by ROS such as
hydrogen peroxide (H2O2) [31] and hypochlorous acid (HOCl)
[32]. The hypothesis involving either Cu or H2O2 is unlikely
since the supplementation brought Cu in sufficient amount and
a concomitant decrease in GPx activity is often observed with
H2O2 production. As a consequence, inhibition of SOD activity
by HOCl seemed to be an explanation since HOCl is released
by the neutrophils during inflammatory process. Indeed, it is
now well demonstrated that running exercise induced inflam-
matory responses and increased neutrophils levels [33–35]. As
these athletes obviously decreased their training volume before
the MDS, the inflammatory process may be limited during this
period of low training. This is probably the main reason for the
initial increase in SOD activity in both groups at D-2.

Moreover, no significant difference was found between the
two groups concerning both GSH and uric acid levels. As it has
been already found in humans during a three-day recovery
period following 90 min of exercise at 65 % V̇O2max [36], we
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found significantly higher values in GSH after 3 days of com-
petition. Such a change is often described during oxidant stress
and may reflect the production and release of GSH by organs
such as the liver [37]. An inter-organ transport could then be
established so as to help the muscles to react against the ROS
[38]. At D7, the levels of GSH were still higher compared with
D-21 and D-2 only in S group. The GSH has a synergistic role
with vitamin E and vitamin C and is also able to interact with
these vitamins [39]. Thus, the supplementation in vitamin E
and vitamin C possibly limited the use in GSH in the S group
as suggested by Palazzetti et al. [8]. The increase in uric acid
level has been already described after an acute exercise [40–
41] and resulted from an increase in purine metabolism during
exercise [29,40]. This increase is associated with a limitation of
oxidative stress [42].

Thus, the beneficial effect of the supplementation on
TBARS levels could be attributed to the antioxidant vitamins
that were significantly affected by the supplementation during
the competition. Before the competition, the antioxidant vita-
min intakes were not significantly different between both
groups. We could also notice that the vitamin E intake seemed
to be insufficient. As other investigations [9,29,43], vitamin
supplementation significantly increased the concentration of
�-tocopherol, retinol and �-carotene levels in S group but a
significant difference between P and S groups at D-2 was only
observed for �-carotene levels. In the present study, no signif-
icant effect of extreme exercise on �-carotene level was ob-
served in both groups. In S group, �-carotene levels always
remained higher than those in P group at D3 and at D7.
Alpha-tocopherol and retinol concentrations significantly de-
crease after 6 races in S group compared with D-2. No signif-
icant change was observed in P group. The decrease in �-to-
copherol concentrations after exercise might reflect entrance in
the muscular compartment or its use to scavenge free radicals
[30]. The significant decrease in retinol levels in S group,
which potentially react with peroxyl radical [44], could also
hypothetically reflect its use against lipid peroxidation during
exercise. However, it is difficult to compare this result with
other studies since the changes of retinol concentrations during
exercise have not been studied much in humans [13,29]. In
contrast, we observed an increase in vitamin C concentrations
compared with D-21 and D3 only in S group. The significant
increase in plasma level vitamin C after exercise is well doc-
umented [10,41,45] and has been attributed to adrenal gland
release [49] or to the mobilisation of vitamin C from the
neutrophils [47]. As vitamin C and vitamin E act together [39],
this increase may improve the regeneration of �-tocopherol. In
its turn, oxidised vitamin C could be reduced by GSH. As the
changes in antioxidant vitamin concentrations were significant
only in S group, these results suggested that the supplementa-
tion in multivitamins and mineral might improve the utilization
and/or mobilization of antioxidant vitamins during the MDS.
This could explain the beneficial effect of moderate supple-
mentation on TBARS levels.

In conclusion, the present study showed that an extreme
competition that consists of repetitions of 6 long races altered
enzymatic and non-enzymatic antioxidant systems, increased
membrane damage and induced lipid peroxidation. The mod-
erate dose of the multivitamin and mineral supplementation
was sufficient to increase plasma antioxidant vitamin concen-
trations in health endurance athletes and to prevent the lipid
peroxidation, probably by improving the utilization and/or mo-
bilization of the antioxidant vitamins, during the present ex-
treme competition.
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