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ABSTRACT

The requirements of the competitive sports have caused se-
vere consequences in athletes involved in high level training. The
changing in the aesthetic standards has leaded individuals to search
for physical exercises to reduce their body mass, to increase their
muscular mass as well as their aerobic fitness. It is quite common
that athletes and non-athletes exceed the limits of their physical
and psychological capacities causing the development of the over-
training syndrome, which is defined as the neuroendocrine disor-
der (hypothalamohypophysial), resulting from the imbalance be-
tween the demand of the exercise and the possibility of assimilation
of the training, causing metabolic changes with consequences
comprising not only the performance, but also other physiological
and emotional aspects. The high level of physical, sociocultural
and psychic stress are factors that contribute to such outcome, as
well as to neuroendocrine changes caused by nutritional aspects
that lead to serotoninergic fluctuations. Changes in the brain sero-
tonin level can be associated to the occurrence of the physical
fatigue, and this may be chronically settled, constituting one of the
symptoms of the whole overtraining syndrome. Deficiencies or
imbalances in neurotransmitters and neuromodulators can also be
caused by severe or prolonged stress. The aim of this reviewing
study was to analyze those factors that synergistically contribute
to the outcome of the overtraining syndrome.

INTRODUCTION

The focus given to the health services in controlling the seden-
tarism through the regular practice of exercises(1) and the changing
in the aesthetic standards have lead individuals to search for a re-
duction in their body mass, to increase the muscle mass through
physical exercises in addition to the traditional aerobic fitness. On
the other hand, high level athletes suffer the harmful consequenc-
es that come from pressures provoked in the present context of
the highly demanded sportive practice. It is verified that athletes
and non-athletes can develop the overtraining syndrome that has
as its major cause the wrong management of the training in terms
of its volume and/or intensity and/or recovering pauses(2).

Primarily observed in athletes, the overtraining syndrome is char-
acterized by metabolic changes, reduction in the athletic perfor-
mance, and the response to the training in healthy individuals, inci-
dence of bruises and viral and bacterial infections due to the fall in
the immunological resistance, alterations in the mood, constant
fatigue, etc. This set of signs and symptoms cause chronic fatigue
in the individual, and etiology of such signs and symptoms involves

the imbalance of the cerebral neurotransmitters, as well as a de-
crease in the serotonin levels (5-HT), that by its turn is derived
from the tryptophan, an aminoacid delivered by a high-protein diet(3).
It is possible that the energetic metabolism, which is secondary to
the endocrine changes, be changed in the overtraining syndrome,
and thus, consequently affecting the fatigue as well.

Studies have demonstrated that deficiencies or imbalances in
the neurotransmitters and neuromodulators can be caused by se-
vere or prolonged stress(4).

Other factors can predispose individuals to the syndrome, such
as a high number of competitions, monotony of the training, train-
ers and relatives’ high expectations of outcomes, the individual
structure of the personality, the social environment, preexisting
medical conditions, environmental factors (altitude, temperature
and humidity), and even the lack of professional guidance as to the
correct practice of the physical exercises(5). Several situations seem
to be related to the overtraining syndrome, and despite its extend-
ed list of signs and symptoms, a definitive diagnosis criterion and
its biochemical-metabolic mechanism are yet to be discovered(6,7).

Aiming to understand such mechanism, this reviewing work has
the purpose to analyze those factors that synergistically contribute
to the outcome and maintenance of the signs, symptoms, and
imbalances that characterize it.

STRESS

Stress can be defined within a psychological perspective as the
individual perception related to the imbalance between the physi-
cal or psychological demands, and their resources to face them in
an activity that is regarded important, such as, for instance, the
sportive action to the athlete(8). It can be differentiated in eustress,
or positive stress, characterized by the mobilization of every phys-
ical and spiritual strength in a status of strong excitement causing
feelings of joy, satisfaction and happiness(9), and distress, or nega-
tive stress, that represents a damaging situation to the body, which
can be acute whenever it is intense, and it is installed in a quite
short period of time, or chronic, whenever it is gradually installed
for a longer period(8).

The term stress means the status generated by the perception
of the stimulus that cause emotional excitement, and upon the
perturbation of the homeostasis, it triggers an adaptation process
that is characterized among other changes by an increasing adren-
aline secretion, producing several systemic manifestations with
physiological and psychological disturbances(10). It has been ob-
served that the overtraining syndrome is generally caused by a
sum of multiple stressing events in the life, such as physical train-
ing, sleep loss, exposition to stressing environments (humidity, cold,
altitude, and heat), and change of residence, occupational pres-
sures, and interpersonal difficulties. Thus, the overtraining can be
understood within the Hans Seyle’s classical context of the Gener-
al Adaptation Syndrome (GAS)(11).



334e Rev Bras Med Esporte _ Vol. 11, Nº 6 – Nov/Dez, 2005

The GAS is composed by three phases: alarm, resistance, and
exhaustion. All these three phases involve hormonal responses
trying to re-establish the balance. In the first phase, the body rec-
ognizes and reacts to the stressing factor(s). In the resistance phase,
it is already able to make the appropriate psychological adapta-
tions with no damages.

In terms of training, the overreaching causes a temporary de-
crease in the body’s functioning, followed by an adaptation that
overpasses the initial level of such functioning. The exhaustion
phase can be reached whenever the body is under stress for a
long period of time. At this point, his defense system is overload-
ed causing a lack of the adaptations, and his ability as to the psy-
chological adequacy is lost for a period of time. Although much of
the overtraining symptoms are similar to the resistance and ex-
haustion phases of the Seyle’s GAS, this model is unable to clarify
the very mechanism of the overtraining syndrome(12).

NEUROANATOMIC ASPECTS OF THE

RESPONSE TO THE STRESS

The stress has its roots in the animal’s defense reactions that
come to answer to the dangers found in its environment. Different
cerebral structures are involved in different defense strategies,
depending on the level of the threats perceived by the individual.
Trials with animal models has evidenced that in potentially danger-
ous situations, the structures involved would be the septo-hippoc-
ampal system and the tonsils. These structures receive informa-
tion gathered by different sensorial systems, thus creating a
representation of the outside world.

The septo-hippocampal system initially performs the conferee
function, comparing the sensorial data synthesis at that moment
with those predictions that take into account the memories stored
in several spots of the Central Nervous System (CNS), as well as
the action plans generated by the prefrontal cortex. Whenever there
is coherence between both representations, the septo-hippocam-
pal system continues to exert its conferee task. However, when-
ever it is detected a discrepancy between what is expected and
what happened, the septo-hippocampal system starts in generat-
ing an inhibition of the behavior, an increasing vigilance level, driv-
ing the individual’s attention to possible sources of danger. When
the danger signs are clear but still are far away, the tense immobil-
ity reaction is quite common, whose neural substrate is probably
the ventral portion of the periaqueductal gray matter (PGM) of the
mesencephalon(13,14).

The PGM seems to be the major structure responsible by the
fight and escape schedule that is analogically related to the panic
attacks(13). The PGM, together with the hypothalamus schedules
the behavior, hormonal and neurovegetative manifestations of the
defense reactions. It was also verified that the stimulation of the
serotonergic way, which is originated in the medial nucleus of the
Raphe, and preferably innervates the septo-hippocampus, deter-
mines the behaviorist inhibition that characterizes the defense(15).

NEUROTRANSMITTERS AND STRESS

Seeking to understand the neurophysiology that involves the
anxiety and the stress, substances such as noradrenaline, dopam-
ine, serotonin, melatonin, acetylcholine, and choline, glutamine,
aspartate, glycine, taurine, histamine, GABA, adenosine, and
inosine, cholecystokinin (CCK) have been studied. Several of these
neurotransmitters are synthesized through precursors delivered by
the food, and they are directly influenced by the diet. Therefore,
proteins, carbohydrates, and fat, which are the major constituents
of the diet, act not only as energetic substrate, but also as precur-
sors of several neuroactive substances.

According to Prasad(16), the use of neurotransmitter precursors
as dietetic supplements both in humans and in animals has pre-

sented profound effects on the neurochemistry and in the behav-
ior. Dunn et al.(17), in their experimental trials, have shown alter-
ations in the neurotransmitter levels in animals during chronic ex-
ercises, mainly in the serotonin (5-HT), dopamine, acetylcholine,
and in neuromodulators such as cytokines and ammonia. Zanker
et al.(18) observed an increase in the glutamine concentration after
exercises in individuals having replete reserve of glycogen, sug-
gesting that the higher glycogen availability into the muscle and
liver during prolonged exercises stimulates the release of glutamine
by those organs.

Presently, it is believed that the serotonin has a double role in
the regulation of the defense behavior. The signs of danger would
stimulate the defense system through the tonsils, and at the same
time, they would activate the serotoninergic neurons of the dorsal
nucleus of the Raphe, that will innervate both the tonsils and the
PGM through different nervous ways.

The serotonin would facilitate the active defense reactions in
the tonsils, and it would inhibit them in the PGM. Therefore, the
serotonin-mediated responses would have an adaptation sense,
as for levels of potential or distal danger it is convenient that the
fight and escape behaviors are inhibited, making possible for the
individual to choose the best strategies that means: careful explo-
ration, and behaviorist inhibition(14). Serotonin could even to increase
the anxiety, acting on the tonsils in order to restrain the panic, act-
ing on the PGM(15).

At least five different serotonin receptors were identified in the
cellular membranes, each of them with a sole molecular structure,
pharmacological action, and anatomic distribution into the central
nervous system. These receptors have a fundamental role in the
overtraining syndrome. Studies indicate that the sensitivity chang-
es, or low regulation of the central and peripheral serotonin recep-
tors are associated to the fatigue during prolonged exercises(19),
and to the body adaptation in the resistance training(20).

More recently, a case study performed by Uusitalo et al.(21) re-
ported a decreased reabsorption of the cerebral serotonin, as well
as signs of clinic depression in the advanced phases of the over-
training syndrome, evidencing that the highest stress levels, as
those experienced during intense and prolonged physical strength
without the necessary recovery time are related to the risk of the
reduced cerebral serotonin, due to the imbalance between its syn-
thesis and degradation. Such deficiency is part of the neurophysi-
ologic basis in the depressive mood, and a worsening in the per-
formance, since the serotoninergic activity is particularly involved
in the maintenance of the controlling process of the information
and in the motor activity. As the high serotoninergic activity during
the stress leads to a high level of usage of the serotonin, the con-
tinuing stress can lead to a functional lack in the production of
such neurotransmitter, and the deficiency of food originated pre-
cursors can decrease its cerebral synthesis(3).

FATIGUE

Fatigue can be defined as the set of manifestations produced by
the work or prolonged exercises, which has as consequence a
decreasing functional capability in keeping or continuing the ex-
pected outcome(20).

Several works in the Physiology area defines the term fatigue
as “incapacity to maintain the power outcome” both in resistance
exercises and in the overtraining states(10,20,22-24). Its etiology has
brought a great interest, mainly due to its multifactor feature, and
it can be divided in two components: peripheral and central fa-
tigue. That division takes into account interactive metabolic fac-
tors affecting the muscles (peripheral fatigue) and the brain (cen-
tral fatigue) upon the accomplishment of an intense physical work
in athletes and other individuals(6).

In resistance sports, the overtraining syndrome is characterized
by a persistent fatigue and apathy. Some researchers have been



Rev Bras Med Esporte _ Vol. 11, Nº 6 – Nov/Dez, 2005 335e

studying such fatigue, but its nature is yet to be clearly explained.
It can be muscular fatigue, and it may be related to the depression
or even resulting from diseases.

In general, the muscular fatigue involves a lack of ability in gen-
erating energy in a sufficient amount o maintain a given physical
activity. The specific energetic path responsible by the muscular
fatigue depends on the endurance and intensity of the event. It is
possible that the energetic metabolism that is secondary to the
endocrine changing is altered in the overtraining syndrome, and
consequently affecting the fatigue as well.

Several diseases are associated to the fatigue, including ane-
mia, mononucleosis, hypoglycemia, hypothyroidism, and the chron-
ic fatigue syndrome(25).

Several case reports have demonstrated that the worsening in
the sportive performance is associated to persisting viral infections
for prolonged periods of time(26). Whatever may be the cause of
the fatigue in the overtraining syndrome, it is clear that there are
more questions than definitive answers.

SEROTONIN AND CENTRAL FATIGUE

The hypothesis that the exercise affects the protein and ami-
noacid metabolism has been revaluated, and they significantly con-
tribute to the outcome in prolonged exercises(27-33). The serotonin
has an important role in investigating the development of the cen-
tral fatigue, acting in the formation of the memory, in the lethargy,
in the sleep and mood(33), in the suppression of the appetite(34-38),
and in the alterations of the strength perception(39).

Those training induced alterations in the metabolism of the nu-
trients have been proposed as one of the factors that contribute to
the overtraining syndrome. The “Central Fatigue Hypothesis” con-
nects the signs and symptoms of the syndrome to similar symp-
toms than those that appear whenever there is an increasing con-
centration in the cerebral neurotransmitter serotonin(40). It has been
demonstrated that the cerebral serotonin level depends on the free
in the plasma tryptophan that increases whenever the free fatty
acid concentration increases. Due to the increase of the free fatty
acid in the plasma levels during the resistance training, this theory
proposes that the levels of cerebral serotonin increase before the
presence of the overtraining(41,42).

A similar alternative explanation admits that the ramified chain
of aminoacids and tryptophan compete each other to reach the
brain, and to penetrate into the hematoencephalic barrier.

According to this hypothesis, the decrease in the concentrations
of the ramified chain aminoacids raises the level of the free tryp-
tophan in the plasma and of the cerebral serotonin(22).

Up to this moment, the studies performed to determine the
cerebral level of the tryptophan were made in animals. Those stud-
ies with rats present uniformity(43).

Data obtained from those studies support the above outlined
hypothesis that the increase in the production of the serotonin in
the brain, and its major metabolite (5-HIAA) has direct relationship
to the accomplishment of prolonged exercises(44,45) and to the ap-
pearance of the fatigue signs. Both theories suggest that the cere-
bral serotonin increases up to the point that the fatigue and other
overtraining syndrome’s symptoms appear.

This is not the only neurotransmitter associated to the percep-
tion and development of the fatigue, but it is the one that is under
study(46-48). However, the big existing discrepancy between experi-
mental protocols makes it difficulty to analyze the results. Even
so, there are concrete evidences of the important role of the sero-
tonin in the performance during prolonged exercises(20).

THE OVERTRAINING SYNDROME

In the medical literature there are several meanings to the over-
training syndrome that generally are associated to the overloaded

training, called overreaching. The overloaded training is related to
the hard training for a few days, followed by a short recovery peri-
od that in this case is essential. The physiological homeostasis of
the body needs to be stimulated through the intense training in
order to imrove the sportive performance capability. This process
is called super-compensation.

Several days of intentionally heavy training are followed by a
lighter training and resting for a few days, in order to reach the
super-compensation and the performance climax. It is essential
that the necessary time to achieve the super-compensation is rec-
ognized. If an athlete is not yet adapted before a new stimulus is
given, there will be a progressive and higher imbalance(49).

The result is the overreaching, that is a set of transitory symp-
toms, signs and changes that appear during the heavy training,
and they are diagnosed through tests.

Both the overreaching and the overtraining syndrome cause a
decrease in the performance, as well as similar signs and symp-
toms, but they have different recovery time. The overreaching
needs two or three weeks to re-establish the sportive performance
of the athlete, but in the overtraining syndrome, this process takes
months or even years(7,50).

The overtraining syndrome affects a considerable percentage of
individuals involved in and resting intensive training programs. It is
estimated the incidence rate is of 7% to 20% athletes per sea-
son(51-53). Studies indicate that their signs and symptoms appear in
more than 60% distance runners along their sportive carrier(51), and
the syndrome was developed in more than 50% of the American
professional soccer players along five months of competitive sea-
son, 21% of an Australian swimming team after six months of
training for a national competition, and 33% of an Indian basketball
team during a 6 weeks of a training period(54).

It is defined as a neuroendocrine disorder (hypothalamohypo-
physial) that results from an imbalance between the demand of
the exercise and the functional capability, and it may be aggravat-
ed by an inadequate recovery, thus causing a decrease in the sport-
ive and athletic performance, the incidence of bruises, neuroendo-
crine changes, alterations in the mood, constant fatigue, among
other symptoms(8).

Athletes of all performance levels may develop the syndrome,
and a relevant number of signs and symptoms have been associat-
ed to it. Fry et al.(49) listed more than 200 in their overtraining re-
view in 1991(55).

But despite such extended list, up to this moment there are not
yet quite established criteria(8), maybe due to the lack of a culture
implying in a systematic evaluation routine for sportsmen.

The malfunction or imbalance in the autonomous nervous sys-
tem was presented as the reason for the signs and symptoms of
the syndrome(10). There are several but not well evidenced theo-
ries on the origin and pathophysiological alterations of the over-
training syndrome. The alterations in the noradrenergic, serotonin-
ergic and/or dopaminergic activity in the brain (specifically in the
hypothalamic and suprahypothalamic regions) can cause hypotha-
lamic disorders, but the function of the alterations in the neurotrans-
mitters during the syndrome is yet unknown(56). There is also lack
of sufficient evidence for the hypothalamohypophysial-adrenal axle
(HPA) alterations, as well as for the alterations in the hypophysial
sensitivity. A quite intensive training period during a training pro-
gram seems to reduce the adrenocorticotropic (ACTH) and the
growth hormone(57) concentrations.

Peripheral alterations related to the overtraining syndrome can
cause changing in the secretion of hormones and in the sensitivity
of the peripheral endocrine glandules. These alterations also in-
clude a decreasing glycogen reserve, decreasing neuromuscular
excitability, alteration in the adrenoreceptors sensitivity, and chang-
ing in the immunological function(7).

The only effective treatment is the prolonged rest that makes
impossible to the athletes to participate in competitions, and may
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lead to a loss of motivation, and even to abandon the sports. Thus,
the best way to avoid the syndrome to manifest is the prevention.

Since up to this moment there are no physiological or biological
markers that allow an early diagnosis of the syndrome(12), the use
of instruments that allow to find measurements to the mood(12)

have demonstrated effectiveness in detecting the initial signs of
the overtraining syndrome, preventing its complete development,
and avoiding the inactivity period(58,59).

It is considered highly susceptible individuals to develop the
syndrome:

• Highly motivated athletes;
• Athletes presenting high outcome;
• Athletes coming back early to the training before their com-

plete recovery;
• Self-trained athletes and non-athletes;
• Individuals with no qualified technical guidance(60).
The overtraining can be distinguished in basedovoid (sympathic-

otonic) and Addisonian (parasympathicotonic). The first one is char-
acterized by the predominance of stimulation processes and an
intense motor activity. The recovery after loads is insufficient and
late.

This form of overtraining is easy to be diagnosed, since the ath-
lete feels sick, and there are several indicator signs and symp-
toms, such as: anorexia, loss of body weight, sudoresis, headache,
lack of energy, increase in the basal heart rate and in the blood
pressure, irritability, insomnia, inappetence, difficulty to concen-
trate, arrhythmia, increase in the acute response to the catechola-
mines, adrenaline, and noradrenaline, etc.(10). It is a prolonged re-
sponse to the stress that precedes the exhaustion, and attacks
younger athletes in anaerobic sports involving speed, strength and
power.

Excessive amounts of training, anxiety and accumulation of com-
petitions with insufficient recovering intervals are generally men-
tioned as factors that cause sympathicotonic overtraining.

The anxiety of being obliged to produce maximal strength in the
everyday train, and to compete in a great amount of events can be
emotionally stressing, particularly in quite anxious athletes(61).

The parasympathicotonic originated syndrome is characterized
by predominant inhibition processes, physical weakness, and lack
of motor activity. The athlete may express that he is not feeling
tired, but he is not able to mobilize the necessary energy to partic-
ipate in a sportive event. The resting athlete may present no symp-
toms, but these symptoms can supervene in a furtive and sudden
way. It may appear depressive and neurohormonal manifestations,
apathy and low resting heart rate(62).

This kind of syndrome affects highly trained athletes in aerobic
sports, such as the triathlon, long distance swimming, marathon,
and road cycling, and it is quite common in older individuals with a
longer sportive life(5,6).

Several physiological alterations that occur in the overtraining
syndrome have been described, but up to this moment, none of
them was considered solely reliable to be accepted as a diagnostic
test(63,64). Some of them are: decrease in the maximal heart rate(57,65-

67), alterations in the lactate concentration in maximal strength or in
its threshold(64), reduction in the night excretion of the noradrena-
line, increase in the serum cortisol (catabolic action), decrease in
the testosterone (anabolic action)(7,64,68), and alterations of the ki-
nase creatine and urea(69).

CONCLUSIONS

The overtraining syndrome has a great relevance within the sport-
ive field, mainly for elite athletes who are searching to overcome
their limits, and those who submit themselves to a physical activ-
ity practice with no specialized guidance.

The early diagnosis and prevention of the development of the
whole situation, as well as to propitiate the maximum performance

achievement demands in the full knowledge of the physiological
and psychological processes involved in the physical adaptation
before the stimulus he is submitted to.

External factors such as stress, interpersonal and environmen-
tal relationships have significant importance in this context, and
important parameters must be considered in evaluating situations
whenever the overtraining is observed.

The overtraining syndrome is defined as a neuroendocrine dis-
order, in which the serotonin seems to have an important role in
the physiology, along with other neurotransmitters. But the study
needs to be deepened together with nutritional aspects related to
the tryptophan and the aminoacid levels of the ramified chain that
can be involved in the central fatigue.

The development of the overtraining syndrome involves several
internal (biological) and external (environmental) factors that must
be identified and controlled in order to avoid it is settled down.

Athletes, individuals involved in physical activities and rehabili-
tation, trainers, sports and health scientists would be benefited by
the discovery of a simple, specific and sensitive test that allow to
make the diagnosis of the syndrome. On going studies are focused
to validate instruments in the early detection of the overtraining
syndrome in Brazilian athletes and non-athletes.

All the authors declared there is not any potential conflict of inter-
ests regarding this article.

REFERENCES

1. American College of Sports Medicine. ACSM’s Guidelines for exercise testing
and prescription..... 6th ed. Baltimore: Williams & Wilkins, 2000.

2. Hedelin R, Kenttá G, Wiklund U, Bjerle P, Henrikssonlarse K. Short-term over-
training: effects on performance, circulatory responses, and heart rate variabili-
ty. Med     Sci Sports Exer 2000;32:1480-4.

3. Schatzberg AF. Noradrenergic versus serotonergic antidepressants: predictors
of treatment response. J Clin Psychiatry 1998;59(Suppl 14):S15-8.

4. Conlay LA, Sabounjian LA, Wurtman RJ. Exercise and neuromodulators: choline
and acetylcholine in marathon runners. Int J Sports Med 1992;13(Suppl 1):S141-
2.

5. Froehlich J. Overtraining syndrome. In: Heil J, editor. Psychology of sport injury.....
Champaign (IL): Human Kinetics, 1995;59-70.

6. Lehmann M, Foster C, Keul J. Overtraining in endurance athletes: a brief re-
view. Med Sci Sports Exerc 1993;25:854-62.

7. Uusitalo ALT. Overtraining. Making a difficult diagnosis and implementing tar-
geted treatment. The Physician and Sportmedicine 2001;29:178-86.

8. Rohlfs ICPM, Carvalho T, Rotta TM, Krebs RJ. Aplicação de instrumentos de
avaliação de estados de humor na detecção da síndrome do excesso de treina-
mento. Revista Brasileira de Medicina do Esporte 2004;10:111-6.

9. Cox RH. Sport Psychology: Concepts and applications. 3rd ed. Dubuque, Iowa:
Brown and Benchmark, 1994.

10. Lehmann M, Foster C, Dickhuth HH, Gastmann U. Autonomic imbalance hypoth-
esis and overtraining syndrome. Med Sci Sports Exer 1998;30:1140-5.

11. Selye H. Stress without distress. New York: The New American Library Inc., 1974.

12. Armstrong LE, VanHeest JL. The unknown mechanism of the overtraining syn-
drome. Sports Med 2002;32:185-209.

13. Graeff FG. Ansiedade. In: Graeff FG, Brandão ML, editores. Neurobiologia das
Doenças Mentais. . . . . 4a ed. São Paulo: Lemos, 1997;109-44.

14. Ribeiro L, Kapczinsk F. Ansiedade. In: Kapczinski F, Quevedo J, Izquierdo I, edi-
tores. Bases biológicas dos transtornos psiquiátricos. Porto Alegre: Artmed Edi-
tora, 2000;133-41.

15. Margis R, Picon P, Comer AF, Silveira RO. Relação entre estressores. Rev Psiqui-
atr RS 2003;25(Suppl 1):S65-75.

16. Prasad C. Food, mood and health: a neurobiologic outlook. Braz J Med Biol Res
1998;31:1571-2.

17. Dunn ALTG, Reigle SD, Youngstedt SD, Armstrong RB, Dishman RK. Brain nore-
pinephrine and metabolites after treadmill training and wheel running in rats.
Med Sci Sports Exerc 1996; 28:204-9.

18. Zanker CL, Swaine IL, Castell LM, Newsholme EA. Responses of plasma
glutamine, free tryptophan and branched-chain acids to prolong exercise after a
regime designed to reduce muscle glycogen. Eur J Appl Physiol Occup Physiol
1997;75:543-8.



Rev Bras Med Esporte _ Vol. 11, Nº 6 – Nov/Dez, 2005 337e

19. Wilson WM, Maughan RJ. Evidence for possible role of 5-hydroxytryptamine in
the genesis of fatigue in man: administration of paroxetene, a 5-HT re-uptake
inhibitor, reduces the capacity to perform prolonged exercise. Esp Physiol 1992;
77:921-4.

20. Jakeman PM. Amino acid metabolism, branched chain amino acid feeding and
brain monoamine function. Proc Nutr Soc 1998;57:35-41.

21. Uusitalo AL, Valkonen-Korhonen M, Helenius P, Vanninen E, Bergstrom KA, Kuikka
JT. Abnormal serotonin reuptake in an overtrained, insomnic and depressed team
athlete. Int J Sports Med 2004;25:150-3.

22. Davis JM. Carbohydrates, branched-chain amino acids, and endurance: the cen-
tral fatigue hypothesis.     Int J Sport Nutr 1995a;5:29-38.

23. Niemann DC. Effects of athletic endurance training on infection rates and immu-
nity. In: Krieder RB, Fry AC, O’Toole ML, editors. Overtraining in sport. Cham-
paign (IL): Human Kinetics, 1998;193-217.

24. Dohm GL, Beecher GR, Warren RQ, Williams RT. Influence of exercise on free
amino acid concentrations in rat tissues. J Appl Physiol 1981;50:41-4.

25. Hendrickson CD, Verde TJ. Inadequate recovery from vigorous exercise. Physi-
cian Sportsmed 1994;22:56-64.

26. Banister EW, Cameron BJ. Exercise induced hyperammonemia: peripheral and
central effects. Int J Sports Med 1990;11 Supl 2:S129-42.

27. Rossi L, Tirapegui J. Aspectos atuais sobre exercício físico, fadiga e nutrição.
Rev Paul Educ Fis 1999;13:67-82.

28. Lancha Junior AH. Atividade física, suplementação nutricional de aminoácidos e
resistência periférica à insulina. Rev Paul Educ Fis 1996;10:68-75.

29. Applegate EA, Grivetti LE. Search for the competitive edge: a history of dietary
fads and supplements. J Nutr 1997;127(Suppl 5):S869-73.

30. Marquesi ML, Lancha Junior AH. Possível efeito da suplementação de aminoá-
cidos de cadeia ramificada, aspartato e asparagina sobre o limiar aeróbico. Rev
Paul Educ Fis 1997;11:90-101.

31. Wu G. Intestinal mucosal amino acid catabolism. J Nutr 1998;128:1249-52.

32. Lieberman HR, Corkin S, Spring BJ, Wurtman RJ, Growdon JH. The effects of
dietary neurotransmitter precursors on human behavior. Am J Clin Nutr 1985;
42:336-70.

33. Lyons PM, Truswell AS. Serotonin precursor influenced by type of carbohydrate
meal in healthy adults. Am J Clin Nutr 1988;;;;;47:433-9.

34. Blundell JE. Serotonin and the biology of feeding. Am J Clin Nutr 1992;55:155-9.

35. Wellman PJ. Overview of adrenergic anorectic agents. Am J Clin     Nutr 1992;55:
193-8.

36. Weltzin TE, Fernstrom JD, Mcconaha C, Kaye WH. Acute tryptophan depletion
in bulimia: effects on large neutral amino acids. Biol Psychiatry 1994;14:388-97.

37. Cunliffe A, Obeid OA, Powell-Tuck J. A placebo controlled investigation of the
effects of tryptophan or placebo on subjective and objective measures of fa-
tigue. Eur J Clin Nutr 1998;52:425-30.

38. Kreider RB. Central fatigue hypothesis and overtraining. In: Krieder RB, Fry AC,
O’Tooleml, editors. Overtraining in sport..... Champaign (IL): Human Kinetics, 1998;
309-31.

39. Tanaka H, West KA, Duncan GE, Bassett DR Jr. Changes in plasma tryptophan/
branched chain amino acid ratio in response to training volume variation. Int J
Spot Med 1997;18:270-5.

40. Chaouloff F. Effects of acute physical exercise on central serotonergic systems.
Med Sci Sports Exer 1997;29:58-62.

41. Chaouloff F, Laude D, Elghozi JL. Physical exercise: evidence for differential con-
sequences of tryptophan on 5-HT synthesis and metabolism in central serotoner-
gic cell bodies and terminals. J Neural Transm 1989;78:121-30.

42. Huffman DM, Altena TS, Mawhinney TP, Thomas TR. Effect of n-3 fatty acids on
free tryptophan and exercise fatigue. Eur J Appl Physiol 2004;92:584-91.

43. Gastmann UA, Lehmann MJ. Overtraining and the BCAA hypothesis. Med Sci
Sports Exerc 1998;30:1173-8.

44. Blomstrand E, Perrett D, Parrybillings M, Newsholme EA. Effect of sustained
exercise on plasma amino acid concentrations and on 5-hydroxytryptamine me-
tabolism in six different brain regions in the rat. Acta Physiol Scand 1989;136:
473-81.

45. Davis JM, Bailey SP. Possible mechanisms of central nervous system fatigue
during exercise. Med Sci Sports Exerc 1997;29:45-57.

46. Chaouloff F, Elghozi JL, Guezennec Y, Laude D. Effects of conditioned running on
plasma, liver and brain tryptophan and on brain 5-hydroxytryptamine metabolism
of the rat. Br J     Pharmacol 1985;86:33-41.

47. Parry-Billings M, Blomstrand E, Mcandrew N, Newsholm E. A communicational
link between skeletal muscle brain and cells of the immune system. Int J Sports
Med     1990;11:122-8.

48. Williams C. Nutritional aspects of exercise-induced fatigue. Proc Nutr Soc 1985;
44:245-56.

49. Fry RW, Morton AR, Keast D. Overtraining in athletes. An update. Sports Med
1991;12:32-65.

50. Houmard JA. Impact of reduced training on performance in endurance athletes.
Sports Med 1991;12:380-93.

51. Morgan WP, Brown DR, Raglin JS, O’Connor PJ, Ellickson KA. Psychological
monitoring of overtraining and staleness. Br J Sports Med 1987;25:107-14.

52. Hooper SL, Mackinnon LT, Gordon RD, Bachmann AW. Hormonal responses of
elite swimmers to overtraining. Med Sci Sports Exerc 1993;25:741-7.

53. Raglin JS, Morgan WP. Development of ascale for use in monitoring training-
induced distress in athletes. Int J Sports Med 1994;15:84-8.

54. Lehmann M, Foster C, Netzer N, Lormes W, Steinacker MJ, Liu Y, et al. Physio-
logical responses to short and long-term overtraining in endurance athletes. In:
Kreider RB, Fry AC, O’ Toole ML, editors. Overtraining in sport. Champaign (IL):
Human Kinetics, 1998;7-9.

55. Gleeson M.     Biochemical and immunological markers of overtraining. Journal of
Sports     Science and Medicine 2002;1:31-41.

56. Dishmann RK. Brain monoamines, exercise, and behavioral stress: animal mod-
els. Med Sci Sports Exerc 1997;29:63-74.

57. Urhausen A, Gabriel HH, Welier B, Kindermann W. Ergometric and psychological
findings during overtraining: a long-term follow-up study in endurance athletes.
Int J Sports Med 1998;19:114-20.

58. Peluso MA. Alterações de humor associadas a atividade física intensa [tese de
doutorado]. São Paulo (SP): Universidade de São Paulo, 2003.

59. Rohlfs ICPM, Rotta TM, Andrade A, Terry PC, Krebs RJ, Carvalho T. The Brunel of
mood scale (BRUMS): instrument for detection of modified mood states in ado-
lescents and adults athletes and non athletes. Fiep Bulletin 2005;75:281-4.

60. O’Brien M. Overtraining and sports psychology. In: Drix A, et al., editors. The
olympic book of sports medicine. Cambridge: Blackwell Scientific Publications,
1988;1:f 635-45.

61. Budgett R. The overtraining syndrome. BMJ 1994;309:465-8.

62. Lehmann M, Foster C, Netzer N, Lormes W, Steinacker MJ, Liu Y, et al. Physio-
logical responses to short and long-term overtraining in endurance athletes. In:
Kreider RB, Fry AC, O’ Toole ML, editors. Overtraining in sport. Champaign (IL):
Human Kinetics, 1998;7-9.

63. Petibois C, Cazorla G, Poortmans JR, Deleris G. Biochemical aspects of over-
training in endurance sports: a review. Sports Med 2002;32:867-78.

64. Urhausen A, Kindermann W. Diagnosis of overtraining: what tools do we have?
Sports Med 2002;32:95-102.

65. Lehmann M, Schnee W, Scheu R, Stockhausen W, Bacl N. Decreased nocturnal
catecholamine excretion: parameter for an overtraining syndrome in athletes. Int
J Sports Med 1992;13:236-42.

66. Snyder AC, Kuipers H, Cheng B, Servais RM, Fransen E. Overtraining following
intensified training with normal muscle glycogen. Med Sci Sports Exerc 1995;
27:1063-70.

67. Zavorsky GS. Evidence and possible mechanisms of altered maximum heart rate
with endurance training and tapering. Sports Med 2000;29:13-26.

68. Petibois C, Cazorla G, Deleris G, Gin H. Clinical diagnosis of overtraining using
blood tests: current knowledge Rev Med Interne 2001;22:723-36.

69. Hartmann U, Mester J. Training and overtraining markers in selected sport events.
Med Sci Sports Exerc 2000;32:209-15.


