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ABSTRACT

ISSN: 2640-0936

Fatigue can be defined as an acute impairment of exercise performance. Many complex inter playing factors contribute to determine
fatigue and in broad sense they can be separated as peripheral and central factors. Central Nervous System (CNS) adaptation responses to
prolonged exercise could be considered in overall metabolic terms. Despite considering that brain function is not determined by a single
neurotransmitter system, serotonin (5-HT) is the most extensive neurotransmitter studied. It is linked to fatigue due its well-known effects
on sleep, lethargy, drowsiness and loss of motivation. The present study was designed to investigate the activation of Raphe nuclei neurons,
the main source of 5-HT in the brain, through immunodetection of c-Fos protein in trained and sedentary rats. Sixteen male Wistar rats were
divided randomly into 2 groups of eight animals, named T (trained - five weeks, 15’ - 60) and S (sedentary). After c-Fos immunocytochemistry,
neuron counting was proceeded only if cell body was unequivocally immunostained and achieved by Image Pro-Pus computer program
captured digital images. The examiner was unaware of the groups’ nature. In describing the c-Fos immunoreactive neurons (c-Fos-ir) in the
rat brain. Evaluation of c-Fos-ir showed no significant differences in most of Raphe nuclei, except in most caudal part of Dorsal Raphe nuclei
(p = 0,008) and Raphe Palidus nuclei (p = 0.006). Trained group c-Fos-ir neurons were more numerous than sedentary group. These regions

may be related to excitatory respiratory nuclei modulation.
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ABBREVIATIONS

CNS: Central Nervous System; PF: Peripheral Factors; CF:
Central Factors; CFS: Chronic Fatigue Syndrome; c-Fos-ir: c-Fos
Immunoreactive; RLi: Rostral Linear; CLi: Caudal Linear; DR: Dorsal;
MnR: Median; PMnR: Paramedian; PnR: Pontis; RMg: Magnus; RPa:
Palidus; ROb: Obscurus

INTRODUCTION

Fatigue can be defined as an acute impairment of exercise
performance, including an increase in perceived effort necessary
to exert a desired force or power output and the eventual inability
to produce that force or power output [1-3]. Many complex inter
playing factors contribute to determine fatigue and in broad sense
they can be separated as peripheral and central factors [1,2,4].
Peripheral Factors (PF) are related to muscle itself and motor plate.
Muscle glycogen depletion, decrease of adenosine diphosphate
rephosphorylation, disturbs transmission,
sarcolemma excitability and excitation-contraction coupling are the
more cited factors [1,4] Central Factors (CF) comprehend the events
occurring in the spinal cord and encephalon related to initiation,
modulation and sustaining the motor drive. The Central Nervous
System (CNS) adaptation responses to prolonged exercise could be
considered in overall metabolic terms, like: altering blood glucose, the
main nervous tissue fuel; raising body temperature (hyperthermia),
reducing brain activity; increasing plasma concentration of Ammonia
(NH3), affecting cerebral blood flow, astrocyte function and synaptic
transmission [1,4-6]. In the other hand, the CNS adaptation
responses could be restricted to a cluster of brain nucleus and/
or neurotransmitter systems involved in motor control and mood.
The compelling evidence of specifics neurological mechanisms can
affect the magnitude of descending motor drive is a recent issue in
fatigue theme [4]. Monoamine hypothesis of central fatigue stats that
the balance of neurotransmitters (including serotonin, dopamine,
and norepinephrine) influences thermoregulation, motor impulses,
and sensations of fatigue. It is generally believed that the reduction
of CNS drive to the motor neurons could be due a reduction in
corticospinal impulses reaching motor neurons or a feedback
inhibition mediated by sensory afferents from the muscle at spinal
cord level [1,4]. In addition, Chronic Fatigue Syndrome (CES), in
which the major symptom is a chronic debilitating fatigue argues
in favor of central fatigue, once these patients show normal isolated
muscle function, metabolism and excitability-contraction coupling
[1,4]. Recently much interest has been focused on the exercise-

in neuromuscular
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induced in neurotransmitter release during exercise as part of the
explanation for central fatigue. Findings have let to the Serotonin-
Fatigue Hypothesis [1,4]. Despite considering that brain function
is not determined by a single neurotransmitter system, serotonin
(5-HT) is the most extensive neurotransmitter studied. It is linked
to fatigue due its well-known effects on sleep, lethargy, drowsiness
and loss of motivation [1,4] The serotonin-fatigue hypothesis
suggests that increased concentrations of brain 5-HT can impair CNS
function during prolonged exercise causing deterioration in exercise
performance [1,4]. Prolonged exercise led to an increase of plasma
free fat acids displacing tryptophan from its binding sites on plasma
albumin and increase consumption of blood branched-chain amino
acids. The increase of free tryptophan in the blood and the lesser
dispute for the blood-brain transporter cause a raise in tryptophan
availability in brain that are metabolized in 5-HT by serotonin
producing neurons [1,4]. In fact, since Barchas and Freedman [7]
there have been accumulating evidences of changes in brain 5-HT
following prolonged exercise in rat. Detection of 5-hidroxi-indole-
acetic acid (5-HT metabolite) and 5-HT itself have detailed the brain
localization of the activity increase, such as: midbrain, hippocampus,
striatum and cerebrospinal [1,4]. In more recent years, a number
of studies have attempted to modulate central serotonin levels by
means of dietary supplementation or pharmacological interventions
in human and animals analyzing motor activity and performance.
Most of the results support the theory [1-3]. However, a more
holistic theory emerges arguing in favor of a balance among different
neurotransmitters [1-3]. In this perspective, the present study was
designed to investigate the activation of Raphe nuclei neurons, the
main source of 5-HT in the brain, through immunodetection of c-Fos
protein in trained and sedentary rats.

MATERIALS AND METHODS
Animals

All experiments were performed with the approval of, and in
accordance with the regulations laid down by Sao Paulo University
Bioethics Committee, protocol number-22/2002. Sixteen male
Wistar rats were housed in standards conditions of temperature
(22-25°C), relative humidity (40-60%) and 12/12h light/dark cycle
with unrestricted access to food and water. Animals were provided
by Central Animal House of Biomedical Science Institute of Sdo
Paulo University. All rats were placed in common box and divided
randomly into 2 groups of eight animals, named T (trained) and S
(sedentary).
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Trained group was submitted to forced swim test and, sedentary
group was not trained at all.

Forced swimming-test

Forced swimming-test protocol used was developed by Vieira
[8]. T group animals were placed in water tanks, one for each rat.
Water volume was enough for the animals do not reach the bottom,
temperature was maintained between 30-32°C and the animals were
dried after training sections. Forced swimming ranged from 15 to 60
min, Monday to Friday and from 1 to 5 weeks, according figure 1 and
table 1.

Figure 1: Photography of swim test tank with a male rat of the sedentary
group.

Table 1: Forced swin test protocol (Vieira et al.) [8].

Monday Tuesday = Wednesday | Thursday Friday
Week 1 T:15 T: 20° T: 30 T: 40’ T: 40°
SC: 0% SC: 0% SC: 0% SC: 1% SC: 2%
Week 2 T: 50’ T: 50° T: 60 T: 50’ T: 60’
SC: 2% SC: 3% SC: 3% SC: 4% SC: 4%
Week 3 T: 40’ T: 50° T: 60 T: 60° T: 60°
SC: 5% SC: 5% SC: 5% SC: 5% SC: 5%
Week 4 T: 60 T: 60’ T: 60 T: 60 T: 60’
SC: 5% SC: 5% SC: 5% SC: 5% SC: 5%
Week 5 T: 60° T: 60° T: 60 T: 60° T: 60°
SC: 5% SC: 5% SC: 5% SC: 5% SC: 5%

T = Swimming Time, in minutes; SC = Tail overload in % of animal weight
taken immediately before the test. Animals of the Sedentary group did not
receive training and were killed after one only section of swimming without tail
overloading. Prior testing all groups were environment adapted for a week, by
way of 30 min water contact in tanks with 1/3 of water level and temperature of
30-32°C. To avoid circadian interference the experiments were realized in the
same period of the day (afternoon).

Abbreviations: T = Swimming Time, in minutes; SC = Tail Overload.

To avoid exercise adaptation, progressive overloading was
achieved by adding weight to animal’s tail. They range from 1% of the
animal’s body weight to 5% maximum and were properly attached to
animal’s tail.

c-Fos immunohistochemistry protocol

Animals were anesthetized 90 min after stimulus with
pentobarbital (30 mg/ kg, i.p.) and transcardically perfused with
0.9% saline followed by cold 4% paraformaldehyde in 0.1 M borate
fixative (1L), pH 9.5. Each brain were removed from the skull and
cryoprotected in 0.1 M potassium phosphate buffer, pH 7.4 (KPBS)
containing 20% sucrose for 2 h at 4°C, and then placed in 20% sucrose
in KPBS overnight at 4'C. The brain were cut along frontal plane in
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30 um thick sections and five 1-in-5 series were collected in antifreeze
solution. One series of sections was immunohistochemically stained
using conventional avidin-biotin immunoperoxidase protocol. These
sections were pretreated in 0.3% hydrogen peroxide solution diluted
in KPBS. After KPBS rinses sections were incubated in primary c-Fos
antiserum (Oncogene Science Inc., USA) at 1:10.000 over 48 hours
at 4°C. Next, brain sections were rinsed in KPBS and incubated for
1h in goat anti-rabbit biotinylated secondary antibody (Vector Labs,
Burlingame, CA, USA), followed by avidin-biotin peroxidase complex
(ABC Kit Vector Labs.) in KPBS for 1h. Sections were incubated
in diaminobenzidine tetrahydrocloride (DAB; Sigma) and 0.01%
hydrogen peroxide dissolved in KPBS. Reaction was terminated after
2-4 min. with successive rinses in KPBS. Before cover slipping, DAB
reaction product was intensified using osmio tetroxide procedure.
Another section series was thionin stained (NisslI’s method) to
provide cytoarchitectonic and tract references. The sections were
mounted onto previously gelatin-coated slides and cover slipped with
DPX (BDH, England).

Data analysis

Precise Raphe nuclei location was established matching
the sequential sections, immunohistochemistry with thionin
labeled sections and comparing it to “The Rat Brain in Stereotaxic
Coordinates™. Citoarchitecture studies defined a further parcellation
of Raphe nuclei. From the upper (rostral) to lower (caudal) levels, it
can found the following nucleus: Rostral Linear (RLi), Caudal Linear
(CLi), Dorsal (DR), Median (MnR), Paramedian (PMnR), Pontis
(PnR), Magnus (RMg), Palidus (RPa) and Obscurus (ROb) [9].
Neuron counting was proceeded only if cell body was unequivocally
immunostained in Image Pro-Pus computer program captured digital
images. The examiner was unaware of the groups’ nature. Statistical
analysis was performed with Tuckey test and ANOVA. Statistical
level of significance was set at p <0.05.

RESULTS

In describing the c-Fos immunoreactive (c-Fos-ir) neurons in rat
brain, we followed the parcellation provided by Paxinos and Watson
[10].

Immunoreactivity of c-Fos protein in MnR, PMnR, PnR, RMg,
Rob, RLi, CLi nucleus were observed, but there was not statistical
difference between trained and sedentary groups.

Statistical difference was found only in most caudal or posterior
parts of DR (p = 0.008) and RPa nuclei (p = 0.006). Ilustrated in
figure 2, graphic 1 and figure 3, graphic 2.

Figure 2: c-Fos-ir neurons in Raphe nuclei complex. A: Photomicrograph of
Nissl-stained method showing location of Dorsal Raphe nucleus (DR), 40X.
B: Photomicrograph of immunohistochemistry labeled section of sedentary
group animals in DR, 100X. C: Photomicrograph of immunohistochemistry
labeled section of trained group animals in DR, 100X
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Graphic 1: Graphic showing neuronal cell number in all extension of DR (set
in mm. from Bregma — craniometrical skull point). Light gray for Trained group
and dark gray for Sedentary group (p = 0.008).

Figure 3: c-Fos-ir neurons in Raphe nuclei complex. A: Photomicrograph of
Nissl stained method showing location of Raphe Pallidus nucleus (RPa), 40X.
B: Photomicrograph of immunohistochemistry labeled section of sedentary
group animals in RPa, 40X. C: Photomicrograph of immunohistochemistry
labeled section of trained group animals in RPa, 40X.
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Graphic 2: Graphic showing neuronal cell number in all extension of RPa (set
in mm. from Bregma — craniometrical skull point). Light gray for Trained group

and dark gray for sedentary group (p = 0.006).

DISCUSSION
Methodological considerations

c-Fos protein is a gene product of the immediate-early c-Fos
proto-oncogen. It is rapidly synthesized after different external
stimulus and reaches maximum cell nuclear concentration after 60-
90 minutes, lasting 2-5h.

c-Fos protein immunodetection indicates physiological cell
activity and is very appropriate for central nervous system studies
[11-14].

Animal adaptation to environment is absolutely important
to reduce stress imposed by swimming task like water contact and
housing displacement. It reduces the “background noise” induced
non-intended stimulus. So, prior testing all groups were environment
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adapted for a week, by way of 30 minutes water contact in tanks with
1/3 of water level and experiments were realized in the same period
of the days.

c-Fos immunoexpresion was mostly absent in Raphe nuclei
in inefficient or mild external stimuli, so we excluded the basal
immunoexpresion control group [12].

Biological considerations

The serotonin-fatigue hypothesis suggests that increased
concentrations of brain 5-HT is one important contributor of CNS
impairing during prolonged exercise causing deterioration in exercise
performance. Ample research data support the association between
5-HT and fatigue. Different approaches had been used, like detection
of 5-HT and 5-HT metabolites following prolonged exercise [7,15-
17].

In more recent years, a number of studies have attempted to
modulate central serotonin levels by means of dietary supplementation
or pharmacological interventions in human and animals analyzing
motor activity and performance. Most results support the theory that
augmentation of serotonin releasing or, more recently, an imbalance
between serotonin and dopamine lead to the sense of fatigue.
Serotonin-containing neurons are located in median and paramedian
zones of the brain stem and concentrated in neuronal cells cluster
designated Raphe nuclei [18-20].

Besides concentrating serotonin-containing neurons Raphe
nuclei may be aptly designated as a multiple neurotransmitter
complex. Serotonin-containing neurons vary from 10% in PnR to
70% in DR in the total neuron number of each group [21].

Raphe nuclei physiological function is accessed by way of nucleus
ablation/ stimulation or studying their hodology (axon projections).
The first approach is less accurate once Ablation/stimulation easily
outborders the nucleus limits. Hodology study approach is more
precise but mostly theoretical. It is assumed that raphe nuclei
participate in sleep/awake cycle, hyperreactivity, aggressive behavior,
pain, motor somatic and visceral behavior, endocrine, learning and
memory [22-24].

Raphe nuclei have widespread innervations to neuron cell groups
that importantly contribute to motor control or to motoneurons
directly. DR neurons, we found highly stimulated in Trained groups,
innervates substantia nigra and caudatus-putamen. Substantia nigra
is a group of dopamine-containing neurons that modulate the basal
ganglia circuit complex, so important in motor output [25]. In
addition, DR innervates all cortical cell layers in lateral parts of the
cerebral cortex [26,27].

DR and PnR neurons innervate locus coeruleus, the main
noradrenalin containing neurons [28] suggest that DR and PnR
exerts a strong inhibitory influence in locus coeruleus and substantia
nigra, important noradrenergic and dopaminergic centers [29]. These
Raphe nuclei projections strongly support the serotoninergic theory
of fatigue.

On the other hand, raphe nuclei descendant projections to
medulla and spinal cord are related to the opposite effect of fatigue.
Raphe-spinal pathway stimulation releases 5-HT onto ventral
horn motoneurons, markedly enhancing their excitability. These
projections are synaptic facilitatory to extensors, flexors, a and y
motoneurons, increasing motor responsiveness and are related to
the activation of 5-HT2 receptors positively coupled to L-type Ca2+
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ion channels [30-32]. Additionally, DR and RPa C-Fos-ir neuros may
project to ventral respiratory column and could explain the difference
between Sedentary and Trained in swimming test [33].

Raphe nuclei fos-ir of trained and sedentary groups plus hodologic
descriptions of these nuclei points to an even complex situation. We
argue that it is necessary to consider, to the central fatigue theme, not
only the participation of others neurotransmitters, once we describe
bigger activity of Raphe nuclei (supposedly serotoninergic) in trained
groups. We suggest caution on serotonin-fatigue hypothesis because
specific subsets (nucleus) of serotonin-producing neurons of Raphe
nuclei are clearly motor facilitatory.

CONCLUSION

c-Fos immunoreactive neurons in trained group outnumbered
sedentary group in all rafe nuclei.
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