
Cronobiologia 
Ramo da Biologia que trata de eventos biológicos 

repetitivos ou cíclicos.  

Circadianos – períodos de ~ 24 h 
    atividade locomotora 

 
Infradianos –  baixa freqüência 

     período > 28 h 
  

Ultradianos – batimentos rápidos 
    período < 20 h 

 
Circanual  

Ritmos 
Biológicos 



Parâmetros de um Ritmo Circadiano 



Demonstração de ritmo por Jean Jacques d’Ortous de Mairan em 
1729 



Por que ter um relógio endógeno? 
Permite antecipação  
•   preparação fisiológica do organismo 
para responder de forma adequada a 
eventos recorrentes. 

 

Confere vantagem seletiva   
•   o t i m i z a m o  c r e s c i m e n t o  e 
desenvolvimento 
•   minimizando a susceptibilidade à 
predação e competição. 

ex. cianobactérias 
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Cianobactérias mutantes com períodos endógenos 

próximos ao da variação ambiental levam vantagem na 

competição com bactérias com diferentes períodos 

endógenos. 

                                                       (Yan et al., 1998) 

Significado adaptativo do relógio 
circadiano em cianobactérias 
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Ritmos Circadianos são gerados por genes do relógio 

Elementos 
positivos 

Elementos  
negativos 

Translocação - 

Genes do 
 relógio  

Okamura et al., 2002 



 Núcleos Supraquiasmáticos – Principal relógio em 
mamíferos   

 

Van Esseveldt et al., 2000 

Características 
•   m a n t i d o e m c o n d i ç õ e s 
constantes continua ciclando. 
•   sincronização entre o meio 
ambiente e o meio interno  



O relógio pode funcionar fora do organismo 

NSQ "in vitro" também cicla 

Oscilação circadiana da liberação de AVP de neurônios 
vasopressinérgicos localizados na porção dorso-medial do  NSQ. 
Células isoladas de animais mantidos em 12:12 - medidas iniciadas 
logo após inicio da cultura 

Watanabe et al., 2000 



Mayewood E.S. et al., 2000 

NSQ - Secção coronal   

mPer1 mPer2 

Expressão rítmica de mPer1 e mPer2 



Flutuação circadiana da bioluminescência 
no NSQ 

 transgênico que expressa mPer1-luc 

Expressão rítmica de mPer1 “in vivo” 



http://www.eur.nl/fgg/ch1/gen_research/
clock.html 

 van der Horst et, 1999  

normal 
cry1 e cry2  



Interface entre o Ambiente e o Relógio 

•  Retina 
•  Pineal 
•  Regiões encefálicas profundas 

 - Fotorrecepção 

•  Órgão Frontal/Parietal 
(extracranianos) 
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Morse e Sassoni-Corsi, 2002 

Distintos fotorreceptores na retina de mamíferos 
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Formação 
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Fig. 2. Distinct photoreceptors in the 
mammalian retina for vision and non image-
forming tasks. Cones and rods mediate light 
perception for image formation. Other light-
regulated processes depend on different 
photoreceptors within the retina. These non 
image-forming processes are thought to 
involve a small subset of RGCs that express 
melanopsin and are light sensitive (in contrast 
to other RGCs). Melanopsin-containing RGCs 
innervate the SCN through the RHT, thus 
allowing entrainment of the pacemaker. Pineal 
melatonin suppression may also depend on 
this RHT/SCN-dependent pathway. 
Melanopsin cells also project to the olivary 
pretectal nucleus (OPN), allowing pupillary 
reflex, and to the subparaventricular zone 
(SPZ), thus possibly mediating the light-
dependent inhibition of locomotor activity. 
GCL, ganglion cell layer; INL, inner nuclear 
layer; ONL, outer nuclear layer.  
 
 

Cermakian N and  Sassone-Corsi, P. 2001 
 

Distintos fotorreceptores na retina de mamíferos 



NSQ 

Neural Humoral 

Estrutura Molecular do Relógio – Presente em todos os tecidos 



Distribuição hierárquica de relógios 

Múltiplos osciladores circadianos  hierárquicos  cada célula é o oscilador 

Componentes bioquímicos responsáveis pelos servo-osciladores e pelo oscilador  principal são muito semelhantes 
Reppert & Weaver, 2002  





Lesão dos SCN afetam: 
 
1 – locomoção (Rusak, 1977) 
2 – ingesta (Boulos et al., 1980) 
3 – comportamento sexual (Eskes et al., 

1983, Sodersten et al., 1981) 
4 – temperatura corporal (Eastman et al., 

1983) 
5 – ciclo sono-vigília (Eastman et al., 

1983) 
6 – produção hormonal - (corticosterona 

pela adrenal de ratos (Moore & 
Elchler, 1972); melatonina pela pineal 
(Moore & Klein, 1974) 

 

O SCN é responsável por vários ritmos fisiológicos 
 



 NSQ – Sistema oscilatório endógeno 
Comunicação circadiana para o organismo 

Neurônios neuroendócrinos – projeções parassimpáticas – projeções simpáticas 



Variação circadiana e pulsatil de ACTH e cortisol 

u  Secreção pulsátil superimposta e modulada por um ritmo circadiano 

u  Aumento do pico no final da noite e começo da manhã l 
 
 

variação circadiana da concentração hormonal  



Prolactina – variação ritmica e secreção pulsatil 



Alvos do NSQ 
Ritmos hormonais de mamiferos de habito noturno 

Kalsbeek et al., 2006 



Morfologia Comparativa da Pineal 

Fálcon, 1999  

Transformação Funcional 
Órgão fotossensível Órgão neuroendócrino Transformação Estrutural 



Diversidade Anatômica e Funcional da Pineal 

Reflexo das funções às quais está implicada: 
 

• Pigmentação da pele 
• Fototaxia 
• Orientação 
• Locomoção 
• Respostas metabólicas e termoregulatórias 
• Outros eventos ritmicos  
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Klein, 2004 

Ritmos no metabolismo da glândula pineal 



AA-NAT  na  glândula  pineal  de  ratos 

Gatel et al, 1998c 



Produção de melatonina inibida 

triptofano serotonina 

NAT 

N-acetilserotonina  (NAS) 

AA-NAT 

NAS  e  Melatonina 
produzidas e liberadas  

5-HTP 

HIOMT 

Melatonina 

Controle da produção de melatonina pela pineal  



Melatonina – o hormônio marcador do escuro 



Importância do Fotoperíodo 
adaptação para as estações do ano 

Falcon, 1999 
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Barbosa. E., 2001 
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Melatonina   -  o Hormônio do escuro 
 
 

• Transdutor endocrino da informação fotoperiódica 
 
• Importante papel modulador na imunidade inata e 
adquirida 

 
Ø  periférica  
Ø  pineal  
 
 
 
 
Variação diária de respostas imunes 





Conexões entre os 
sistemas nervoso, 
sistema endócrino 
e sistema imune 

Sternberg Nature Reviews Immunology 6, 318–328, 2006  



Comunicação 
bidirecional entre os 

sistemas imune e 
neuroendócrino



(Meisel et al., Nat Rev Neurosci, 6, 775-786, 2005) 

•  Sensores dentro do sistema nervoso 

central e do sistema nervoso autônomo 

periférico captam informações sobre o 

estado de ativação do sistema imune. 

•  Estas informações são processadas no 

SNC pelo córtex premotor, hipotálamo, 

pituitária,  tronco cerebral e glândula 

pineal. 

•  Em resposta, sinais são enviados por 

meio do eixo HPA, sistema nervoso 

simpático, sistema nervoso parasimpático 

(nervo vago) e eixo imune pineal (IPA). 

Interação neuroimunoendócrina  



activates the latter is less effective with
respect to inducing the early gene prod-
uct, Fos, in neurohypophysial vasopressin
neurones of the paraventricular nucleus.
The contribution of circulating vasopres-
sin to control the immune response is
not as clear as for glucocorticoids,
although there is evidence that vasopres-
sin can down-regulate peripheral inflam-
matory responses; within the brain, it
also has a well described action as an
endogenous antipyretic to reduce the
febrile response. Finally, when there is
severe inflammation, leading to sepsis,
the precipitous fall in blood pressure is
partially countered by vasopressin-
induced vasoconstriction. Oxytocin secre-
tion also occurs during inflammation and
it is considered to promote insulin and
glucagon secretion and thus regulate
peripheral metabolism during an infec-
tion. Other metabolic hormones may also
be stimulated during inflammation. For
example, leptin, a hormone important in
control of food intake, mediates appetite
suppression during inflammation. Some
of these peripheral metabolic actions also
are the result of a circulating hormone,

adrenaline, as its secretion from the
adrenal is also stimulated during an
infection.

‘during an infection the body’s
resources can be redirected towards

controlling the infection’

It is interesting that, in concert with
the activation of the HPA and neurohy-
pophysial systems, other neuroendocrine
functions may be suppressed. For exam-
ple, inflammation causes suppression of
the hypothalamic-pituitary-gonadal axis.
This results in alterations of both repro-
ductive endocrinology (ovarian cycle
length and function) and reproductive
behaviour; thus, the body’s resources
during an infection can be redirected
away from reproduction towards con-
trolling the infection. Interestingly, dur-
ing the latter stages of pregnancy, once
sufficient investment in reproduction
has occurred, there are specific adapta-
tions in the brain to circumvent these
effects.

Vasopressin
oxytocin

Thermogenesis

ACTH

Brain PGE2

CRH sickness behaviour
CNS inflammation

Periphery

Adrenaline

Cardiovascular/metabolic
homeostasis

Leptin

Adrenal
gland

Cytokines

PGE2

Anti-inflammatory/
regulatory

effects

TLR4

Immune cells

effects

Pathogen

Pro-inflammatory

Glucocorticoids

TNFa, IL-1b, IL-6

Fig. 1. Illustration of important immune neuroendocrine interactions. Cytokines and prostaglandin E
that are released in response to pathogen detection by immune cells signal to the brain to activate cen-
tral responses. The neuroendocrine outputs that are activated to help regulate the inflammatory
response include corticosteroids, vasopressin, oxytocin and adrenaline. ACTH, adenocorticotrophic hor-
mone; CNS, central nervous system; CRH, corticotrophin-releasing hormone; IL, interleukin; PGE2, pros-
taglandin E2; TLR, toll-like receptor; TNF, tumour necrosis factor.

Adverse interactions

The coordinated neural, behavioural and
endocrine responses to inflammation
provide an important first-line defence
against infection and help restore
homeostasis in the body. However, in
cases of where there is severe or pro-
longed chronic inflammation, there may
be changes in brain and hormonal
function that are deleterious. For exam-
ple, many chronic inflammatory ill-
nesses appear to be associated with
fatigue, depression, sleep disorders and
pain that can be attributed, in part, to
cytokine-induced changes in glucocorti-
coid actions within the brain. Of partic-
ular interest is the fact that we now
know that many aspects of brain func-
tion, in particular the sensitivity of the
hypothalamic pituitary adrenal axis, can
be permanently altered in response to
stressors, including infection, experi-
enced by a pregnant mother or new-
born. It will be interesting to learn
more about how the body’s neuroendo-
crine systems are altered as a result of
these early interventions.
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Resposta local e sistêmica 

Comunicação bidirecional permite que  o sistema nervoso 
coordene o sistema imunológico por meio de vias de ação 

sistêmicas e locais  



Eixo HPA 

(Meisel et al., Nat Rev Neurosci, 6, 775-786, 2005) 

Glicocorticóides elevados pela 
ativação do eixo HPA  ativam 

receptores nucleares para 
glicocorticóides e controlam 

expressão gênica 



Regulação neuroendócrina da secreção de hormônio liberador de 
corticotrofina (CRH) 



Tracey,	
  Nature,	
  420:	
  853-­‐	
  859,	
  2002	
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Inibição vagal da produção de citocinas 

Nervo vago 

Nervo esplênico 

Macrófagos 



Borovikova	
  et	
  al.,	
  2000	
  

Acetilcolina inibe a produção de mediadores pró-inflamatórios 
por macrófagos estimulados com LPS 



Área	
  do	
  conhecimento	
  que	
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  compreender	
  as	
  diversas	
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   de	
   comunicação	
   entre	
   os	
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   e	
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incubated with appropriate antibodies for the identification of
astrocytes (mouse monoclonal Cy3-conjugated GFAP, 1:500,
Sigma) or microglia (mouse monoclonal anti-ED-1, 1:100, Abcam)
followed by the appropriate secondary antibody conjugated with
Cy3 (1:200, Jackson ImmunoResearch, West Grove, PA, USA).
All procedures were repeated at least 3 times to confirm the results.
Images were acquired by a Confocal Laser-scanning microscope
with a 406or 1006objective and Zeiss LSM 510 (Zeiss confocal
software, Germany). FITC was excited at 488 nm (Argon laser)
and emitted fluorescence was measured at 515–530 nm. Cy3 was
excited at 543/633 nm (HeNe laser) and emitted fluorescence was
measured at 560 nm. An enterprise laser (excitation 364 nm and
emission filter of 435–485 nm) was used for 49, 6-diamidino-2-
phenylindole (DAPI) imaging.
For microglial reactivity analysis, the pineal glands were

cultured and incubated with LPS (0.1 mg/mL, 2 h). The cultured
glands were fixed in 4% cold paraformaldehyde, pH 9.5 for 3 days
at 4uC, followed by 24 h incubation in PBS plus 20% sucrose.
Pineal glands were then frozen and the immunohistochemistry
assay was performed as described previously by incubation with
primary antibody (mouse monoclonal anti-ED-1, 1:100, Abcam)
followed by the secondary antibody conjugated with biotin (1:200,
Sigma). The peroxidase activity was revealed with 3, 39-
diaminobenzidine (DAB substrate kit for Peroxidase, Vector
Laboratories). Photomicrographs were obtained from bright-field
microscope (Nikon Eclipse E1000 coupled to a CoolSNAP-Pro
Color digital camera) using the Image-ProH Plus software (Media
Cybernetics, Silver Spring, MD, USA).
The negative controls were performed by omission of the

primary antibodies from the procedures and the substitution of
normal serum from the same species. Staining was completely
abolished under these conditions.

Immunocytochemistry
The immunocytochemistry assay was performed as previously

described [21]. Briefly, cultured pinealocytes were fixed in 4%
cold paraformaldehyde for 10 min and permeabilized with PBS
plus saponin 0.5% at room temperature. The non-specific binding
sites were blocked with 1% bovine serum albumin fraction V
(BSA) and 0.3 M glycine for 60 min. The cells were then
incubated with primary rabbit polyclonal antibody anti-TNFR1
(1:500, Abcam), anti-CD14 (1:200, Abcam) or anti-TLR4 (1:500,
Abcam) for 18 h at 4uC, followed by secondary polyclonal anti-
rabbit conjugated with Texas Red antibody (1:400, Abcam) or
FITC (1:200, Sigma) for 1 h at room temperature. Nuclei were
stained with DAPI (300 mM, 5 min) at room temperature. Primary
and secondary antibodies were diluted in blocking buffer. Images
were acquired by a Confocal Laser-scanning microscope with a
40 6 oil-immersion objective and Zeiss LSM 510 (Zeiss confocal
software, Germany) using a HeNe 543/633 laser for Texas Red
(excitation 590 nm; emission filter 650 nm), and enterprise laser at
excitation 364 nm and emission filter of 435–485 nm for DAPI
imaging. Fluorescence was quantified by Image J Software
(http://rsb.info.nih.gov/ij).
The negative controls were performed by omission of the

primary antibodies from the procedures and the substitution of
normal serum from the same species. Staining was completely
abolished under these conditions.

Figure 1. Cellular expression of TLR4 in the rat pineal gland.
Representative images of TLR4 co-localization in astrocytes (A-D) and
microglia (F-I). Green staining (A-E and F-I) represents immunoreactivity
of TLR4. Red staining (B and G) represents immunoreactivity of GFAP (B)
or ED-1 (G). Merged images (C, D, H and I) indicate co-localization of
TLR4 and glia staining (double-arrow). As 90% of the pineal gland is
composed by pinealocytes, the adjacent staining of TLR4 suggests

expression in this cell type (single arrow). In order to confirm this result
we performed immunocytochemistry assays and detected constitutive
expression of TLR4 (E) and CD14 (J) in isolated pinealocytes. D and I
correspond to the higher magnification of C and H, respectively (1006
objective). The nuclei were stained with DAPI (blue).
doi:10.1371/journal.pone.0040142.g001
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Representative images of TLR4 co-localization in astrocytes (A-D) and
microglia (F-I). Green staining (A-E and F-I) represents immunoreactivity
of TLR4. Red staining (B and G) represents immunoreactivity of GFAP (B)
or ED-1 (G). Merged images (C, D, H and I) indicate co-localization of
TLR4 and glia staining (double-arrow). As 90% of the pineal gland is
composed by pinealocytes, the adjacent staining of TLR4 suggests

expression in this cell type (single arrow). In order to confirm this result
we performed immunocytochemistry assays and detected constitutive
expression of TLR4 (E) and CD14 (J) in isolated pinealocytes. D and I
correspond to the higher magnification of C and H, respectively (1006
objective). The nuclei were stained with DAPI (blue).
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phenylindole (DAPI) imaging.
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Color digital camera) using the Image-ProH Plus software (Media
Cybernetics, Silver Spring, MD, USA).
The negative controls were performed by omission of the

primary antibodies from the procedures and the substitution of
normal serum from the same species. Staining was completely
abolished under these conditions.
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TNF-R1 DISTRIBUTION IN THE DIFFERENT CELL TYPES IN 
PINEAL PARENCHYMA 

NA  β1/α1 

melatonin 

Carvalho-Sousa et al. TNF receptors in the rat pineal gland

RESULTS
TNF-R1 DISTRIBUTION IN THE DIFFERENT CELL TYPES IN PINEAL
PARENCHYMA
The rat pineal gland parenchyma is composed of different cell
types, most of which are pinealocytes (approximately 90%) and
glial cells. First, we found that immune-like TNF-R1 was dif-
fusely expressed in pineal gland sections, as shown in two different
glands (Figures 1A,D). A diffuse image using the same antibody
was observed in renal cell carcinoma cryosections (Harrison et al.,
2007) and melanoma cell (Gray-Schopfer et al., 2007).

To identify the cell types, the astrocytes and microglia were
identified with selective antibodies (GFAP for astrocytes and ED-1
for microglia). Astrocytes and microglia have specific localiza-
tions in the pineal gland. The immunoreactivity for GFAP was
confined to the proximal region, specifically near the pineal stalk
(Figure 1B), whereas the immunostaining for ED-1 revealed a
diffuse pattern (Figure 1E). When the images of the two cell mark-
ers were merged with TNF-R1 immunostaining, co-localization
with astrocytes (Figure 1C), and microglia (Figure 1F) was
observed.

Analysis of the images at higher amplification shows that almost
all astrocytes present immunoreactivity to TNF-R1; however, in
the case of microglia, only some of the cells marked with ED-1
were immune-stained with antibodies against TNF-R1 (Figure 2).

TNF-R1 IS EXPRESSED IN PINEALOCYTES
To confirm the presence of TNF-R1 in pinealocytes, these cells were
isolated and immunostained for TNF-R1 (Figure 3). We observed
a dynamic variation in the immunoreactivity to TNF-R1, depend-
ing on the length of time that the pinealocytes were incubated
with TNF (80 ng/mL; Figure 3). The 30-min incubation period
did not change the fluorescence intensity. However, incubation for
60 or 180 min resulted in 60% reduction in immunofluorescence
intensity. The MTT viability test assured that the concentrations
of TNF used did not lead to cell death. The MTT assay showed
that cell death was observed only at much higher concentrations
of TNF and that the other pharmacological tools used, such as
PDTC and 1400 W, also did not result in cell death. Therefore, we
may conclude that the membrane detection of immunoreactivity
for TNF-R1 is altered by long-lasting incubation with TNF. Thus,
the downstream reactions triggered by activation of TNF-R1 were
determined by incubating pinealocytes or pineal glands for less
than 30 min.

TNF REDUCES NFKBIA
One of the downstream events that transduce TNF-R1 signals is
the nuclear translocation of NFKB dimers, which requires degra-
dation of the inhibitory protein that sequesters these dimers
in the cytoplasm. We observed a significant reduction of the

FIGURE 1 | Representative images of the expression of TNF-R1 in pineal
gland sections. The immunopositive labeling of TNF-R1 throughout the pineal
parenchyma is shown in green (A,D). Glial cells are stained in red: astrocytes
[GFAP-labeled, (B)] and microglia [ED-1-labeled, (E)]. GFAP-positive cells are

restricted to the proximal region near the pineal stalk (B), while ED-1–positive
cells are dispersed in the pineal gland (E). In merged images, yellow indicates
double labeling for TNF-R1 and GFAP (C) or ED-1-positive cells (F). Scale
bar = 200 µm.
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TNF – controlling the nocturnal melatonin surge in humans 
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