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ABSTRACT
Background. Exercise has significant affects on free radical production. Objective. The objective of the present
study was to explore the effect of vitamin C supplementation on lipid peroxidation and lactate levels in sedentary
individuals who performed exhaustion exercised. Methods. 10 healthy sedentary male athletes participated to study.
They were supplemented with 300 mg oral vitamin C (L-ascorbic acid, Ester-C Plus 500 mg, Solgar-USA) and
subjected to acute exhaustion exercise by fatigue developed one time a week for 4 weeks. Exhaustion exercises were
carried out until exhaustion developed according to Bruce protocol once a week for 4 weeks. Blood samples were
collected from the subjects four times, at the beginning and at the end of the supplementation and before and after
exercise, over the 4-weeks study period. The samples were used to analyze MDA, GSH, GSH-Px, CAT, SOD and
NO levels by using ELISA colorimetric method and plasma lactate levels by an autoanalyzer device. Results.
Exhaustion MDA, GSH, GSH-Px, CAT, SOD and NO levels measured both before and after supplementation were
higher than resting levels (p<0.05). MDA, NO and lactate levels that were elevated in exhaustion before
supplementation decreased significantly after vitamin C supplementation (p<0.05). Conclusion. The results of our
study indicate that the increase in free radical production and lactate levels due to by 4-week exhaustion exercise
were offset by vitamin C supplementation. It can be argued in conclusion that supplementation of physiologic doses
of vitamin C may be useful for athlete health and performance.
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INTRODUCTION
Many researchers concentrate on the relation
between nutrition on one hand and development
and maintaining performance on the other (1-3).
Two methods are commonly used to determine
the interaction between physical activity and
nutrition. The first consists of administering
nutrients with various contents to people
engaged in physical activity and examining their
physiologic and performance responses, while
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the other involves determining the effects of
physical activity on nutrition (4, 5). Physical
activity and exercise performance may be
enhanced by optimal nutrition. Therefore, athlete
health and athletic performance require mineral
and vitamin support (2, 3). Vitamins are primary
regulators of metabolic functions which play a
critical role in exercise performance (6).
Research showed that vitamin deficiency has a
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negative impact on performance, while treatment
of the deficiency restores impaired performance
(6, 7). It was reported that fat-soluble vitamins
were crucial to sustain performance and to
maintain weight in athletes doing weight-loss
exercise (2, 3). It was noted that mineral and
vitamin support was necessary for a better
performance in athletes and also that delaying
fatigue and maintaining performance particularly
necessitated this kind of supplementation (8).
Thus, it can be postulate that there is a growing
interest in research into the relationships
between exercise, vitamins, minerals and
elements.
One of the principal vitamins that need to be
supplemented is vitamin C (4). It was argued
that because of its role in binding and carrying
oxygen and in the absorption of iron by the
intestines, vitamin C administration might be
useful in endurance sports in particular
(2,3,5,8,9). Vitamin C supplementation was
reported to increase systemic and pulmonary
antioxidant capacity and prevented oxidative
damage and improved pulmonary function
during exercise (6). Research into the effects of
vitamin C supplementation to athletes on
antioxidant activity and serum iron during the
training period and competition season revealed
that vitamin C supplementation prevented the
decrease in antioxidant capacity and serum iron
during exercise (7). The same study drew
attention to a possible relationship between iron
metabolism, oxidative stress and vitamin C (7).
That vitamin C supplementation was reported to
increase superoxide dismutase (SOD) activity by
20% also points to the importance of vitamin C
in antioxidant activity (10).
Based on an overall evaluation of the current
body of knowledge on this topic, it can be
argued that there is an inevitable relation
between vitamin C and physical performance
and athletes’s health. The present study was
aimed to explore the effect of vitamin C
supplementation on lipid peroxidation and
lactate levels in individuals who were subjected
to exhaustion exercise.

MATERIALS AND METHODS
Informed consent was obtained from each
subject included in the study and the study
protocol conforms to the ethical guidelines of the

1975 Declaration of Helsinki as reflected in a
priori approval by the institution's human
research committee the Ethics Board of Selcuk
University School of Physical Education and
Sports.
Participants. 10 healthy male students of
Selcuk University were registered for the study
who are not actively engaged in any branch of
sports. The mean age of the subjects was found
21.55±0.22 years and mean body weight was
found 67.89±2.16 kg. The subjects were
supplemented with 300 mg oral vitamin C (Lascorbic acid, Ester-C Plus 500 mg, SolgarUSA) and subjected to exhaustion exercise by
fatigue set in once-a week for 4 weeks.
In our study, to determine the clear affect of
vitamin C, we used same subjects to compare
before and supplementation parameter, instead
of different control group.
Vitamin C Supplementation. Vitamin C (Lascorbic acid, Ester-C Plus 500 mg, SolgarUSA)) was administered in tablet form orally at
a dose of 300 mg at 10.00 on a full stomach
daily for 4 weeks.
Acute
Exhaustion
Exercice
(Bruce
Protocole).
Exhaustion
exercises
were
performed once a week for 4 weeks in the form
of acute exercises until fatigue developed (totally
4 exhaustion were done in which each time for
every week). As exhaustion exercise, Bruce
protocol (Cosmed T150 treadmill) was applied.
In this most commonly used clinical exercise
test, slope and speed was increased in 3-minute
periods until the subjects grew too tired to
continue. Exercise was performed on a treadmill.
The treadmill was started at 2.74 km/hr (1.7
mph) and at a gradient (or incline) of 10%. At
three minute intervals the incline of the treadmill
increases by 2% and the speed increases. The
test was stopped when the subject cannot
continue due to fatigue or pain, or due to many
other medical indications.
Blood Samples Collection. Blood samples
(5ml) were collected from the forearm vena of
the subjects at 09.00 (at fasting period) in the
morning four times, during rest and exhaustion
before and after the 4-weeks supplementation.
The samples were centrifuged at 3000 rotations
for 10 minutes to separate the serum which was
then stored at -80oC until the analyses.
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Biochemical Analyses. Serum MDA analysis
was ELISA colorimetric method conducted by
using Cayman commercial kits (catalogue no:
705002). The results were expressed as nmol/ml.
Serum GSH analysis were carried out using
Cayman ELISA colorimetric method (catalogue
no: 7003002). The results were determined as
mg/dl. Serum Glutathione Peroxidase (GPx) was
analyzed using Cayman (catalogue no: 703102)
commercial kits by ELISA colorimetric method.
The results were presented as nmol/ml. Serum
Superoxide Dismutase (SOD) analyses were
performed by using Cayman brand commercial
kits and ELISA colorimetric method (catalogue
no: 706002). The results were expressed as
U/ml. Serum Nitric Oxide (NO) assays were
carried out using commercial kits by ELISA
colorimetric method (catalogue no: 780001). The
results were presented as µM. Serum Catalase
analyses were conducted using Cayman brand
(catalogue no: 707002) commercial kits by
ELISA colorimetric method. The results were
determined as nmol/ml. Plasma lactate was
analyzed by a lactate analyzer (VARIO
Fotometer, Germany) in the blood samples
collected into heparinized capillary tubes from
the earlobe. The results were expressed as
nmol/ml.
Data Analysis. Statistical evaluation of the
findings was carried out by using a computer
software package. Arithmetic means and
standard deviations of all parameters were
calculated. Variance Analysis in Repeated
Measurements was employed to detect the
differences between measurements performed at
different times. p<0.05 was considered to
significant as statistic.

RESULTS
The highest and the most important MDA
level was obtained before vitamin C
supplementation during exhaustion in the present
study (p<0.05) (Table 1). There was no
significant difference between resting MDA
levels before and after vitamin supplementation
(p>0.05) (Table 1), but post-supplementation
exhaustion value was found significantly lower
than the pre-supplementation exhaustion value
(p<0.05) (Table 1).
Exhaustion GSH, GPx, SOD and CAT values
before and after vitamin supplementation were
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significantly higher than resting GSH, GPx,
SOD and CAT values (p<0.05) (Table 1). While
resting GSH, GPx, SOD and CAT values did not
differ before and after vitamin supplementation
(p>0.05) (Table 1), exhaustion values after
supplementation were also found similar
(p<0.05) (Table 1).
Exhaustion nitric oxide values of the subjects
before and after vitamin supplementation were
established to be significantly higher than resting
nitric oxide values in our study (p<0.05) (Table
1). Resting nitric oxide values pre and postsupplementation were similar (p>0.05) (Table
1). Vitamin C supplementation significantly
reduced exhaustion nitric oxide levels in
comparison to pre-supplementation exhaustion
levels (p<0.05) (Table 1).
Exhaustion lactate values of the subjects were
significantly higher than resting lactate values,
as expected as a result of acute exercise (p<0.05)
(Table 1). Similarly, 4-week vitamin C
supplementation did not change resting lactate
values (p>0.05) (Table 1). However, 4-week
vitamin C supplementation significantly reduced
exhaustion lactate values.

DISCUSSION
Although it is recommended for a healthy
lifestyle, moderate exercise is known to lead to
oxidative stress, inflammation and muscle
injury. Hence, the intense effort to develop
dietary strategies to counter the oxidative stress
caused by physical activity (11). It has been
known that Vitamin C has preventive role in
tissue damage which is occurred by free radicals,
thereafter it has been postulated that may
prevents oxidative damage in sportsmen (12).
Nakhostin-Roohi et al. (13) have reported that
single dose 1000 mg vitamin C prevented lipid
peroxidation in sportsmen. Similarly, 1000 mg
vitamin C supplementation has been useful
affects in sportsmen (14). In clinical trials, it has
been shown that vitamin C supplementation may
be done by 1000 mg for 60 days at humans (15).
Thereafter, we have supplemented vitamin C as
300 mg/day for 1 month (16).
Pre- and post-vitamin supplementation
exhaustion
MDA
values
were
found
significantly higher than resting MDA levels in
the present study. Physical activity brings about
an increase in oxidative stress, muscle tissue
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damage, lipid peroxidation in the membranes
and formation of free radical products. Oxidative
stress that develops parallel to increased oxygen
consumption during exercise is considered the
major cause of elevated free radical production
(17). Increased MDA values we obtained in
exhaustion result from acute exercise are parallel
to the reports on this topic (17). However, 4weeks vitamin C supplementation significantly
reduced exhaustion MDA values relative to the
pre-supplementation exhaustion values. This
result indicates that vitamin C supplementation
inhibits free radical production in individuals
engaged in physical activity. Optimal nutrition is
essential for recuperation following physical
activity and exercise. Nutrient supplementation
is recommended for athlete health and

performance in high-intensity sports branches.
At athletes, exercises that lead to a decrease in
body weight in particular need supplementation
of water- and fat-soluble vitamins (2, 3). One of
the key vitamins that should be supplemented is
vitamin C (18). It is reported that vitamin C
which is of utmost importance in the absorption
of iron from the digestive system can boost
performance especially in individuals who done
endurance sports (19-22). The results of our
study concerning the MDA parameter indicate
that physical activity brought about an increase
in free radical production, whereas vitamin C
supplementation reduced the production of free
radicals. These results we obtained with vitamin
C supplementation are consistent with the results
of the researchers cited above.

Table 1. Biochemical Parameters in the Study Subjects (mean ± sd; n=10)
before vitamin C supplementation
after vitamin C supplementation
Antioxidant
Parameters
Resting (1)
Exhaustion (2)
Resting (3)
Exhaustion (4)
9.48±0.86C
15.16±0.64A
8.62±1.27C
11.68±1.17B
MDA (nmol/ml)
B
A
B
20.90±2.74
30.04±4.71
22.64±4.02
32.08±4.34A
GSH (mg/dl)
50.30±1.87B
60.65±2.65A
49.08±1.31B
63.54±8.43A
GSH-Px(nmol/ml)
B
A
B
0.03±0.006
0.07±0.009
0.04±0.006
0.08±0.006A
SOD (U/ml)
C
A
C
5.18±0.73
12.28±2.56
4.92±0.55
9.22±1.08B
NO (µM)
B
A
B
10.04±2.04
14.90±1.68
9.28±1.37
15.88±2.54A
CAT(nmol/ml)
C
A
C
1.41±0.20
10.33±1.42
1.38±0.21
7.71±1.56B
Lactate (mmol/l)
A,B,C: Differences between means with different superscripted letters in the same line are statistically significant
(p<0.05).
P values;
MDA: 1-2=0,000; 1-3=0,735; 1-4=0,000; 2-3=0,000; 2-4=0,002; 3-4=0,000
GSH: 1-2=0,000; 1-3=0,669; 1-4=0,000; 2-3=0,001; 2-4=0,805; 3-4=0,000
GSH-Px: 1-2=0,000; 1-3=0,153; 1-4=0,000; 2-3=0,000; 2-4=0,200; 3-4=0,000
SOD: 1-2=0,000; 1-3=0,624; 1-4=0,000; 2-3=0,002; 2-4=0,605; 3-4=0,000
NO: 1-2=0,000; 1-3=1,000; 1-4=0,000; 2-3=0,000; 2-4=0,001; 3-4=0,000
CAT: 1-2=0,000; 1-3=1,000; 1-4=0,000; 2-3=0,000; 2-4=0,824; 3-4=0,000
Lactate: 1-2=0,000; 1-3=0,155; 1-4=0,000; 2-3=0,000; 2-4=0,021; 3-4=0,000

In the present study, exhaustion GSH, GPx,
SOD and CAT values of the subjects were
found significantly higher than resting GSH,
GPx, SOD and CAT values. Levels of
antioxidants are known to vary depending on
the intensity, type and length of exercise (23).
However, it was reported that the activity of
antioxidant enzymes like SOD and catalase in
the blood and tissues increased after acute
exercise (24). Exercise may be increase the
antioxidant defense in general. Previous studies
established post-exercise increases in the

erythrocyte GSH, catalase and glutathione
reductase (25). There are also reports of regular
exercise and training stimulating the
biosynthesis of antioxidant enzymes (26).
Therefore, regular exercise is recognized to
arise as a critical adaptation mechanism in
reducing the oxidative stress following acute
exercise (27). This condition may be explained
by the good adaptability habits of the
antioxidant defense systems of athletes. Plasma
ascorbic acid, alpha-tocopherol, uric acid and
total GSH levels in regularly training elite
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female football players who played a 40-minute
football game were found to increase
immediately after the game. This increase in the
antioxidant defense may be attributed to the
transfer of endogenous antioxidants and/or
antioxidants accumulated in the tissues to
circulation with exercise (28). It was reported in
an experimental animal study that the increase
in free radical formation by exercise was in
much more and that free radical formation
could not be prevented despite the increase in
the antioxidant system (23). Elevated
exhaustion antioxidant parameters we obtained
before supplementation in our study are
consistent with the reports of the above-cited
researchers. The increase in the exhaustion
antioxidant parameters occurs possibly as an
adaptation mechanism designed to prevent the
increase in free radical production. All the
reports cited above support to the elevated
antioxidant parameters we found after exercise.
Pre-and post-supplementation exhaustion
nitric oxide values of the subjects were
significantly higher than the resting nitric oxide
values in the present study. NO is a lowmolecular-weight, lipophilic free radical gas. It
reacts rapidly with the oxygen in the medium
and is converted to toxic nitrogen dioxide (NO2)
(29). The reaction between NO and superoxide
results in the generation of peroxynitrite
(ONOO-), a reactive oxidant, which in turn
reacts with tyrosine to generate 3-nitrotyrosine
(30). We could not find a study with which to
compare ours directly in terms of the relation
between nitric oxide and exercise. However, the
fact that nitric oxide (NO) was shown to regulate
the vessel tonus and to cause vasodilation after
exercise (31). At least may be an explain for the
elevated nitric oxide levels we obtained after
exercise in our study. That exercise was reported
to play a key stimulating effect on the production
of nitric oxide by causing an increase in blood
flow (32). Noteworthy piece of information
supporting the elevated NO finding in our study.
Four-week vitamin C supplementation in our
study significantly reduced exhaustion NO
values when compared to the presupplementation exhaustion values. This result is
important, because low concentrations of nitric
oxide are involved in physiological processes
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like
the
control
of
vascular
tonus,
neurotransmission, learning and memory (33),
while high concentrations rapidly react with the
oxygen in the medium to transform into toxic
nitrogen dioxide (NO2) (29). That vitamin C
supplementation
significantly
reduced
exhaustion NO levels relative to presupplementation exhaustion levels may add
substance to the supplementation of vitamins in
athlete nutrition and performance.
As expected, exhaustion lactate values of the
subjects were significantly higher than resting
values in this study. Similarly, 4-weeks vitamin
C supplementation did not change resting lactate
values. However, a significant decrease was
found in the exhaustion lactate values following
vitamin C supplementation. Vitamin C is one of
the leading vitamins that should be
supplemented for athlete performance and health
(4). Given its indirect role in meeting the tissues’
oxygen needs, it is no surprise that vitamin C is
associated with fatigue. Decreased lactate values
we found in the exhaustion period after vitamin
C supplementation may be quite significant in
the relation between vitamin C and exhaustion
and may stimulate research into various aspects
of this relation.

CONCLUSION
The results of our study indicated that
vitamin C supplementation prevented the
increase in lactate levels and free radical
production caused by 4-weeks exhaustion
exercise. Vitamin C supplementation in
physiological doses may be useful in prevents of
tissue damage due to exercise.

APPLICABLE REMARKS
 Vitamin C supplementation can be
prevented the increase in lactate levels
and free radical production.
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