
Physiology & Behavior 105 (2012) 1099–1103

Contents lists available at SciVerse ScienceDirect

Physiology & Behavior

j ourna l homepage: www.e lsev ie r .com/ locate /phb
Melatonin administrated immediately before an intense exercise reverses oxidative
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Acute sport exercise leads to a strong stimulation of muscle tissue and a change in the organism energy de-
mands. This study was designed to investigate the effect of oral melatonin supplementation on human phys-
iological functions associated with acute exercise. Immune, endocrine and metabolic parameters were
measured in 16 young male football players, who were divided into two groups, an experimental group (sup-
plementation with 6 mg of melatonin administered 30 min prior to exercise) and a control group (placebo
without melatonin). They performed a continuous exercise of high intensity (135 beats/min). Samples
were collected 30 min before the exercise and 3, 15 and 60 min during the exercise. The results indicated
that the acute sport training presented: a) increased lipid peroxidation products (MDA) in both groups, con-
trol and experimental, with levels significantly decreased in the group treated with melatonin after 15 and
60 min of high-intensity exercise, b) the total antioxidant activity (TAS) was lower in the control group
than in the experimental, the latter showing significant differences at 60 min of high-intensity exercise c)
the lipid profile of subjects in the experimental group showed lower triglyceride levels than the control
group after 15 and 60 min of high-intensity exercise, d) immunological studies only showed, in the experi-
mental group, an increase in IgA levels at 60 min after the exercise, and finally there were no significant dif-
ferences between the groups for any of the other variables. In conclusion these results indicated that
treatment with melatonin in acute sports exercise reversed oxidative stress, improved defenses and lipid me-
tabolism, which would result in an improvement in fitness.

© 2011 Elsevier Inc. All rights reserved.
1. Introduction

Numerous mechanisms have been postulated to explain the pro-
gressive cell and tissue damage produced by intense exercise (free
radical generation, inflammatory response, hormonal and biochemi-
cal disturbance, metabolic and defensive changes, among others)
[1–3]. However, the precise mechanisms remain unknown. Muscle
cells are extremely prone to oxidative stress due, in part, to its high
rate of oxygen consumption during the acute exercise. The produc-
tion or formation of free radicals in vivo is primarily initiated by the
consumption of molecular oxygen, which, due to its structure is in
fact a radical species itself. Although there are many free radical spe-
cies, those resulting from the consumption of oxygen and nitrogen
(RONS) are the most important in living organisms [4]. Under normal
conditions, especially in young subjects, there is an energy balance
between muscle demands and blood vessel contribution. This occurs
routinely as part of the normal energy regulation pattern. Thus,
hemistry and Molecular Biolo-
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during acute exercise the diameter of the vessels increases to carry
enough blood to tissues, the energy is constantly consumed by both
striated and smooth muscle fibers [5,6] and although such strategies
are beneficial to respond to exercise, at the same time, they generate
an increase in RONS. To compensate the excess RONS produced the
body starts the antioxidant defense system that protects cells and tis-
sues from free radicals generated. RONS concentrations are strictly
controlled by endogenous antioxidants such as catalase, superoxide
dismutase, glutathione peroxidase and others [7]. Intensive exercise
can cause an imbalance between RONS and antioxidant defense sys-
tem, which is referred as oxidative stress [8,9].

Melatonin is an indolewith awide range of antioxidative properties,
including direct free radical scavenging and an indirect antioxidant
stimulatory capacity which regulates the activity of antioxidant en-
zymes [10,11]. Furthermore, several melatonin metabolites that are
generated when melatonin interacts with toxic reactants are them-
selves direct free radical scavengers, e.g., N1-acetyl-N2-formyl-5-meth-
oxykynuramine (AFMK) and N1-acetyl-5-methoxykynuramine (AMK).
The process by which melatonin and its metabolites successively
scavenge reactive oxygen/nitrogen species (RONS) is referred as the
free radical scavenging cascade. This cascade reaction makes
melatonin highly effective and explains how it differs from other
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conventional antioxidants [12]. Melatonin is an amphiphilic molecule
and crosses all morphophysiological barriers reducing oxidative
damage in both lipid and aqueous cell environments [7,10]. Intensive
exercise also results in marked mitochondrial damage by free radicals,
which leads to mitochondrial dysfunction and inhibition of ATP
production. Conversely, experimental studies and clinical trials
have shown that melatonin turned out to be more effective than
classical antioxidants to reduce the oxidation of lipids, proteins
and DNA [13,14]. It also preserves the levels of glutathione in cells
and mitochondria which helps to suppress oxidative damage at these
sites [15,16].

In contrast to moderate physical activity, prolonged and intensive
exercise causes numerous changes in immunity and metabolism of
carbohydrates and lipids, making athletes vulnerable to infection
[3,17,18]. Other studies [1,19], showed that melatonin decreased
body temperature in hot conditions, and protect heart muscle cells
and other body sites of inflammation generated after the exercise.
The aim of this study was to analyze the effect of melatonin on
acute sports training, using for this young professional players, accus-
tomed to daily exercise and sports training.

2. Material and methods

2.1. Context

The study was conducted between 2007 and 2009 at the Andalu-
sian Centre for Sports Medicine of the Ministry of Tourism, Trade &
Sports and Department Medical Biochemistry and Molecular Biology
(University of Seville Medical School), with players from second divi-
sion football club Seville.

2.2. Subjects and study design

A total of 16 active players were randomized to melatonin [n=8,
experimental group (E)] or placebo [n=8, control group (C)] and,
under double-blind procedures. The average age of players was 18
to 20 years and a mean body weight 68.25±1.532 kg. The precise du-
ration of the period of intense exercise was 60 min and during this
time, samples were taken at 3, 15 and 60 min. The experimental
group (E) was treated with 6 mg of melatonin, administered 30 min
prior to exercise, and a control group (C) treated with placebo with-
out melatonin. After they performed a continuous exercise of high in-
tensity (135 beats/min) consisting of pedaling a stationary bicycle
monitored, reaching an average speed of 25 km/h and a trained exer-
cise leader supervised all steps.

2.2.1. Exogenous melatonin on bio-availability and ingestion
Melatonin itself has a very short half-life in the blood (range of

20–40 min, depending on condition), so that elevated levels cannot
persist after many hours. According with concentration-time curve
of our laboratory and other researchers [20], 30–45 min is the neces-
sary time so that oral melatonin is absorbed in the gastrointestinal
tract (GIT) and can be detected in blood before its metabolism and
elimination. On the other hand, considering that melatonin is not
toxic and has no undesirable effects, the 6 mg administered assured
us their absorption by the mucous and is within the ranges recom-
mended for use in humans (3–20 mg) [3,21,22].

2.3. Blood samples

Blood samples were collected between 09:00 and 09:30 a.m.
(basal conditions) 30 min before and 3, 15 and 60 min during the
acute sport training. These samples were rapidly prepared for later
analysis and immune, endocrine and metabolic parameters were
measured in the blood of players. All professional athletes were in-
formed and consented to the present study. They fasted overnight
prior to the collection of the samples and none of the subjects were
taking any medication known to influence the studied parameters.
A basic hematological and biochemical profile was also run to deter-
mine the general health of the individuals and a cardiac fitness certif-
icate was necessary for inclusion in the study.

2.4. Determination of malondialdehyde (MDA) levels in plasma

The level of lipid peroxidation was analyzed by measuring MDA in
plasma by the spectrophotometric method based on the reaction be-
tween MDA and thiobarbituric acid. 0.5 ml of each plasma sample
was mixed with 2.5 ml of 20% (v/v) trichloroacetic and centrifuged
at 3000 rpm for 10 min. Then, 3 ml of 0.2 g/dl of thiobarbituric acid
(TBA) was added to the supernatant. The mixture was heated in boil-
ing water for 30 min. After cooling on ice, the resulting chromogen
was extracted with 4 ml of butanol. The organic phase was separated
by centrifugation at 3000 rpm for 10 min and the intensity of color
was read at 530 nm and expressed in nmoles of MDA/ml.

2.5. Total antioxidant status determination

Total antioxidant status (TAS) was measured using a kit purchased
from Randox Laboratories. In this assay, Met-myoglobin reacts with
H2O2 to form the radical species Ferryl-myoglobin. A chromogen
(2,2′-azinodi-[ethylbenzthiazoline sulfonate]; ABTS) is incubated
with the Ferryl-myoglobin to produce the radical cation species
ABTS+. This has a relatively stable blue-green color which is
measured at 600 nm. Antioxidants in the added sample cause sup-
pression of this color production to a degree which is proportional
to their concentration. The assay is calibrated using 6-hydroxy-2, 5,
7, 8-tetramethylchroman-2-carboxylic acid and results are expressed
as mmol/L. The assay range is 0–2.5 mmol/L. Intra and inter assay
precision studies showed coefficients of variation lower than 2 and
3% respectively.

2.6. Complete blood count and coagulation

The following examinations were performed by automatic counter
H1 (Technicon-Bayer): red blood cells, hemoglobin, hematocrit, total
leukocytes, neutrophils, eosinophils, basophils, lymphocytes, atypical
lymphocytes, monocytes, blood sedimentation rate, platelets, pro-
thrombin and thromboplastin time.

2.7. Biochemical profile

Glucose, urea, creatinine, uric acid, total protein, total bilirubin,
GOT, GPT, GGT, alkaline phosphatase, calcium, phosphorus, Na+,
K+, lactic dehydrogenase and CPK were analyzed by automated bio-
chemical methods.

2.8. Lipid profile

Plasma total cholesterol, lipoprotein (VLDL, LDL, HDL) and triglyc-
erides (TG) were analyzed by automated biochemical methods.

2.9. Hormonal profile

The following hormones were analyzed with different methods:
prolactin by luminescence immunoassay, free testosterone and total
testosterone by radio immunoassay and finally cortisol and DHEA-
sulfate by chemo luminescence.

2.10. Immunological studies

The percentages of total CD3+ T cells, CD4+ T helper, CD8+ T sup-
pressor/cytotoxic, CD19+ B cells, natural killer cells, HLA-DR+ active
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Fig. 2. Evolution of the effect of acute exercise of high intensity and melatonin treat-
ment on total antioxidant activity (TAS) in young male football players. Data are
expressed as the mean±S.E.M. of control and mel-treated group at baseline and at 3,
15 and 60 min after exercise. The control group showed a downward trend, in TAS
values, statistically significant (*Pb0.05 and ***Pb0.001) at 15 and 60 min respectively
after high intensity exercise. However, the mel-treated group remained with TAS
values similarat baseline, 3 and 15 min after exercise and increased significantly, only
after 60 min (*Pb0.05) of exercise.
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T cells and CD4/CD8 ratios were performed using flow cytometry
techniques. Plasma levels of IgM, IgG and IgA were performed by
immunoturbidimetric techniques.

2.11. Ethical considerations

Ethical approval for the study was obtained from the Ethical Com-
mittee of the University of Seville (Spain). All subjects signed in-
formed consent forms and completed a medical questionnaire prior
to beginning the experiment.

2.12. Data analysis

All data are presented as the mean±standard error (S.E.M.). All
statistical procedures were performed using GraphPad InStat statisti-
cal software package program 3.0. Data were analyzed using ANOVA
followed by Tukey–Kramer multiple comparison test and Student's
paired t-test. The differences were considered to be significant at
Pb0.05.

3. Results

At baseline assessment, both groups showed immunological pa-
rameters, endocrine and metabolic within the normal range estab-
lished by our laboratory and without differences significant
between the two groups (C and E).

The effect of intense physical activity (pedaling a stationary bi-
cycle) on the lipid peroxidation products measured as MDA is
shown in Fig. 1. Here we can see how both groups, control and
experimental showed an increase in MDA levels at 15 and
60 min after high-intensity exercise with statistically significant
(***Pb0.001) compared to baseline. The experimental group at
15 and 60 min after the exercise, also showed an upward
trend in levels of lipid peroxidation but reduced by melatonin
compared with the same time the control group *Pb0.05 and
***Pb0.001 respectively.

Also, we quantified by TAS the levels of endogenous antioxidants
in plasma. Thus, we can see in Fig. 2 as the control group showed a
downward trend, in TAS values, statistically significant (*Pb0.05
and ***Pb0.001) at 15 and 60 min respectively after high intensity
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Fig. 1. Evolution of the effect of acute exercise of high intensity and melatonin treat-
ment on lipid peroxidation (MDA) in young male football players. Data are expressed
as the mean±S.E.M. of control and mel-treated group at baseline and at 3, 15 and
60 min after exercise. Both groups, control and mel-treated group showed an increase
in MDA levels at 15 and 60 min after high-intensity exercise with statistically signifi-
cant (***Pb0.001) compared to baseline. The mel-treated group at 15 and 60 min
after the exercise, also showed an upward trend in levels of lipid peroxidation but re-
duced by melatonin compared with the same time the control group *Pb0.05 and
***Pb0.001 respectively.
exercise. However, the experimental group remained with TAS values
similar at baseline, 3 and 15 min after exercise and increased signifi-
cantly, only after 60 min (*Pb0.05) of exercise.

The lipid profile of the players showed that both groups, control
and experimental had a decreasing trend in triglyceride levels after
high intensity exercise (Fig. 3), but only the experimental group
showed statistically significant values (***Pb0.001) compared to
baseline after 15 and 60 min of exercise.

Immunological studies indicated that both groups, control and ex-
perimental, showed a increasing trend in plasma IgA levels after high
intensity exercise (Fig. 4), but only the experimental group showed
statistically significant values (*Pb0.05) compared to baseline after
60 min of exercise.
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Fig. 3. Effect of acute exercise of high intensity and melatonin treatment on plasma tri-
glyceride levels in young male football players. Data are expressed as the mean±S.E.M.
of control and mel-treated group at baseline and at 3, 15 and 60 min after high inten-
sity exercise. Both groups, control and mel-treated showed a decreasing trend in tri-
glyceride levels after high intensity exercise, but only the mel-treated group showed
statistically significant values (***Pb0.001) compared to baseline after 15 and 60 min
of exercise.
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Fig. 4. Effect of acute exercise of high intensity and melatonin treatment on plasma IgA
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There were no significant differences between the groups for any
of the other studied variables.

4. Discussion

Oxidative stress is caused by an imbalance between the RONS
production and the ability of muscle cells to detoxify these reactive
species and intermediate metabolites. Severe oxidative stress that
may occur after severe physical exercise may trigger problems
such as chronic inflammation, apoptosis and necrosis of cells and tis-
sues [3,4,18,23,24]. In this study, we found that acute sport training
increased the plasma lipid peroxidation products (MDA) in all
players, showing that acute sport exercise induced oxidative stress,
although the players treated with melatonin had lower MDA values
that the players not treated. Specifically, control group players
showed 12% and 21% more MDA than the experimental group
after 15 and 60 min of prolonged exercise respectively. At the
same time, acute sport training increased the total antioxidant activ-
ity (TAS) in players treated with melatonin after 60 min of pro-
longed exercise, while untreated players showed decreased levels,
specifically 16% and 24% less at 15 and 60 min after exercise. Based
on this evidence, we suggest that the use of melatonin prior to in-
tense acute exercise decreased oxidative stress and increased the
total antioxidant capacity of subjects treated (experimental group)
compared with untreated subjects (control group). For Ji L and co-
workers [8] the generation of reactive oxygen and nitrogen species
(RONS) increased in athletes after exercise has strong implications
for adaptation to exercise and are important signals for the activa-
tion of muscle antioxidant defense systems. RONS act as messenger
molecules activating redox-sensitive signaling pathways and nuclear
factors such as NF-κβ and AP-1 involved in the maintenance of cel-
lular oxidant–antioxidant homeostasis during exercise. For these re-
searchers [8], the attenuation of RONS production, by antioxidants,
will not only reduce oxidative damage, but also block cellular adap-
tations deemed beneficial to oxidant–antioxidant homeostasis.
Other researchers [25] have shown that physical exercise caused a
natural increase in endogenous melatonin to counteract the oxida-
tive stress generated not only in muscle cells, but also in heart,
lungs and blood. Our study points out that melatonin supplement
could have a positive effect on the recovery of the players who on
the one hand, decreased oxidative stress produced during exercise
and the other, had increased levels of TAS. The body appears able
to withstand a limited increase in free radicals, but the increase con-
tinued and chronic RONS may be harmful to professional athletes
[9]. Melatonin itself helps to restore homeostasis in exercised mus-
cle cells, without forgetting that these professional players will
make strenuous exercise for a long period of their lives and we do
not know at what level of increased oxidative stress the potential
benefits will outweigh the risk.

Moreover, acute sports training is associated with metabolic alter-
ations that arise from increased energetic requirements [3,26]. Previ-
ous studies documented the hypolipidemic effects of melatonin,
demonstrated by a decrease of cholesterol, low density lipoprotein
(LDL) and triglycerides (TG) in plasma [3,27,28]. Also, based on our
observations, in vitro, with the NIH-3T3 cell line, melatonin has an
important role increasing the lipids uptake by cells in situations of
need such as cachexia, anorexia or other debilitating diseases [29].
The strenuous acute exercise can produce a state of true need for
the body's cells and the exogenous administration of melatonin
would help by increasing the catchment and lipids consumption by
cells, to meet the energy demands required in the exercise. Besides
melatonin, by decreasing the levels of lipids on the arterial wall
would be able to contribute, at least in part, to the decreased risk of
cardiovascular disease in athletes [30].

Exercise causes numerous changes in both innate and specific
immune response, which reflect physiologic stress and activation
[31–36]. We also investigated the status of immune system in pro-
fessional football players after acute sports training and melatonin
treatment, and found that only plasma IgA levels were significantly
elevated in experimental group after 60 min of intensive exercise
compared with control group. The presence of elevated levels of
plasma IgA indicates the start of a humoral immune response, for
which it takes between 5 and 7 days. The fact that our players
raise levels of plasma IgA, 60 min after exercise, reveals that profes-
sional athletes used to training and series (controlled repetitive
strenuous exercise), must have a chronically activated immune sys-
tem and memory B cell clones, with capacity to rapidly increase IgA
plasma levels and cover the defense needs. The consequences of
having a chronically activated immune system exhibit adverse
changes after prolonged exercise. These immune changes occur in
several compartments of the immune system and body (e.g. the
skin, upper respiratory tract mucosal tissue, lung, blood and mus-
cle), especially prior to or during a competition. Thus, virus and
bacteria can gain a foothold, increasing the risk of clinical and sub-
clinical infections [37,38]. Melatonin is known to be an immuno-
modulatory molecule capable of acting on immune system cells
creating a bidirectional link between the nervous and immune sys-
tems [39,40], and could act to promote the adaptation between
plasma and mucosal IgA during the exercise.

The results of the present study show that melatonin used
previously to acute sport training reverses the oxidative damage gen-
erated by the high-intensity exercise, increases the total antioxidant
activity, the lipids consumption by cells and plasma IgA levels. It is
worth noting that melatonin is a safety and non-toxic molecule,
even at high doses [21]. For all these reasons and considering that
melatonin does not appear in the international doping lists could be
a plausible therapeutic option for professional athletes that should
make major exercises throughout their working lives.
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