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Cronobiologia

Ramo da Biologia que trata de eventos bioldgicos

repetitivos ou ciclicos.

~~ Circadianos - periodos de ~ 24 h
atividade locomotora

Infradianos - baixa freqiiéncia, ciclos reprodutivos
periodo > 28 h

Ritmos

° V4 ° 1 - . /. . . ~ ’ .
BlOIOglCOS Ultradianos - batimentos rdpidos, variagdes pulsdteis

periodo < 20 h
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Parametros de um Ritmo Circadiano
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Demonstracao de ritmo por Jean Jacques d’Ortous de Mairan em
1729
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Por que ter um reldgio enddgeno?

Permite antecipagdo

* preparagdo fisioldgica do organismo
para responder de forma adequada a
eventos recorrentes.

Confere vantagem seletiva

otimizam o crescimento e
desenvolvimento

minimizando a susceptibilidade a
predagdo e competigdo.

eX. cianhobactérias



Human Circadian Rhythms
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Circadian rhythms of sleep, body temperature, growth hormone, cortisol, and urinary potassium in a human subject.
SOURCE: Adapted from G.S. Richardson and J.B. Martin, “Circadian Rhythms in Neuroendocrinology and Immunology: Influence of Aging,” Progress in
NeuroEndocrinimmunology 1:16-20, 1988.
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Significado adaptativo do reldgio
circadiano em cianobactérias

Cianobactérias mutantes com periodos enddgenos
préximos ao da variagdo ambiental levam vantagem na
competigdo com bactérias com diferentes periodos

enddgenos.

(Yan et al., 1998)



Ritmos Circadianos sdo gerados por genes do reldgio
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Nucleos Supraquiasmaticos - Principal relégio em

mamiferos
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Caracteristicas

mantido em condigdes
constantes continua ciclando.

* sincronizagdo entre o meio
ambiente e o meio interno
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1

< phase
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< SCN

V light pulse

Van Esseveldt et al., 2000



O reldgio pode funcionar fora do organismo
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NSQ "in vitro" também cicla
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Oscilagdo circadiana da libera¢cdo de AVP de neuronios
vasopressinérgicos localizados na porgdo dorso-medial do NSQ.
Células isoladas de animais mantidos em 12:12 - medidas iniciadas

logo apds inicio da cultura
Watanabe et al., 2000



Expressdo ritmica de mPerl e mPer?2

NSQ - Secc¢do coronal

Mayewood E.S. et al., 2000



Expressdo ritmica de mPerl “in vivo”
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http://www.eur.nl/fgg/chl/gen_research/
clock.html
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Genes do Relogio Circadiano

Altamente conservados entre Drosofila e mamiferos

Possuem uma alca de feedback autoregulatoria com
translocacao de proteinas para o nucleo

A proteina PER regula negativamente a transcricao
de seu proprio RNAmM

As velocidades de transcricao e/ou degradacao dos
genes sao sensiveis a luz



Interface entre o Ambiente e o Reldgio - Fotorrecepgdo

* Retina

* Pineadl

* Regides encefdlicas profundas
* Orgdo Frontal/Parietal

. (extracranianos
AR '




Distintos fotorreceptores na retina de mamiferos
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Distintos fotorreceptores na retina de mamiferos
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Current Opinion in Neurobiology

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



Estrutura Molecular do Reldgio - Presente em todos os tecidos

Neural " Humoral

~



Distribui¢do hierdrquica de reldgios

Multiplos osciladores circadianos hierarquicos cada célula é o oscilador

Single SCN neuron

Firing rate
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SCN explant

Bioluminescence

Bioluminescence

Kidney Liver
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Componentes bioquimicos responsaveis pelos servo-osciladores e pelo oscilador principal sdo muito semelhantes
Reppert & Weaver, 2002
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O SCN ¢ responsavel por varios ritmos fisiologicos

Lesao dos SCN afetam:

@ SCN Qﬁ-®\\

LA \\’) 1 —locomogao (Rusak, 1977)
A 2 —1ngesta (Boulos et al., 1980)
( E— \ 3 — comportamento sexual (Eskes et al.,
9 1983, Sodersten et al., 1981)
1\ o N 4 — temperatura corporal (Eastman et al.,
D 1983)
% "D 5 — ciclo sono-vigilia (Eastman et al.,
Bonyy  9Wleen 1983)
msssasen 6 — producdao hormonal - (corticosterona

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



NSQ - Sistema oscilatério endégeno
Comunicagdo circadiana para o organismo

Pituitary
hormones
Hormones

(Endocrine)
ORGAN

Neurdhios neuroenddcrinos - projegdes parassimpdticas - projegdes simpdticas



ACTH (mU/L)

Variagdo circadiana e pulsatil de ACTH e cortisol

Plasma ACTH Plasma Cortisol
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€ Secrecgao pulsatil superimposta e modulada por um ritmo circadiano

€ Aumento do pico no final da noite e comeco da manha |

v

variacao circadiana da concentracao hormonal



Prolactina - variagdo ritmica e secregdo pulsatil
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Kalsbeek et al., 2006

Alvos do NSQ
Ritmos hormonais de mamiferos de habito noturno
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Morfologia Comparativa da Pineal

. ) Transformagdo Funcional > A o
Orgdo fotossensivel Orgdo neuroenddcrino

Transformagdo Estrutural

“lreneendngs Fdlcon, 1999



Diversidade Anatomica e Funcional da Pineal

Reflexo das fungdes as quais estd implicada:

‘Pigmentagdo da pele

‘Fototaxia

‘Orientagdo

‘Locomoc¢ao

‘Respostas metabdlicas e termoregulatérias
-Outros eventos ritmicos



Glandula Pineal
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Pinealodcito

Artéria
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Ritmos no metabolismo da glandula pineal
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AA-NAT na gldndula pineal de ratos
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Ut AA-NAT
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Melatonina

NAS e Melatonina
Produgdo de melatonina inibida produzidas e liberadas



Melatonina - o hormonio marcador do escuro
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Importancia do Fotoperiodo

adaptagdo para as estagoes do ano

16L-8D

2004

MLT (pg/ml plasma)

2004

13151719 2123 1 3 & 7 9 1113
Clock time (hr)

Falcon, 1999



Verao
Dias longos, Noites curtas

{1 melatonina

ol

Inverno
@ Dias curtos, Noites longas

' 1T melatonina

Outono

Primavera

Barbosa. E., 2001



Verao Outono
Dias longos, Noites curtas

{1l melatonina

Inverno Primavera
Dias curtos, Noites longas

1T melatonina

Barbosa. E., 2001



Melatonina - o Hormoénio do escuro

e Transdutor endocrino da informacao fotoperiodica

e Importante papel modulador na imunidade inata e

adquiride > periférica

> pineal

Variacao diaria de respostas imunes



Locais de producdo da melatonina




Exemplo:

Interacdes imuno-neuroendocrinas
na glandula pineal
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Corticosterona Aumenta a Producao de Melatonina in vivo
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Corticosterone

1. potentiates noradrenaline-induced melatonin synthesis

2. through an intracellular glucocorticoid receptor
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Cellular expression of TLR4 in the rat pineal gland.

da Silveira Cruz Machado et al., 2010



LPS inhibits nocturnal pineal melatonin production

In vitro In vivo
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da Silveira Cruz —Machado et al., 2010 Pinato et al., in preparation



A citocina TNF atuando na pineal
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TNF-R1 DISTRIBUTION IN THE DIFFERENT CELL TYPES IN
PINEAL PARENCHYMA

A TNF-R1 c TNF-R1/

2 TNF-R1 7 TNF-R1/

Carvalho-Souza et al., 2011



TNF-R1 IS EXPRESSED IN PINEALOCYTES

Carvalho-Souza et al., 2011



LPS effect on rat pineal gland:
TNF production

Microglia
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TNF-R1 em pinealocitos

TNF afeta diretamente a producao de
melatonina

@ in vitro
€ dados clinicos (altos niveis de TNF circulante)

sepsis (Mundigler et al., 2002),
Infarto agudo do miocardio (Dominguez-Rodriguez et al., 2002)
mastite (Pontes et al., 20006).



TNF — controlling the nocturnal melatonin surge in humans

Mastitis = suppresses nocturnal MEL surge

Healthy
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Pontes et al., 2006

Colostrum (milk of the first days after delivery; contains cells) - day 3

Maternity Unit at the Obstetric Clinics — USP, Br.

The criteria for recently delivered mothers were: age (18—40), gestational age (37 weeks or more).
All the mothers had given birth to healthy term babies.




Restoration of daily rhythm of melatonin

-@- melatonin O TNF-o

w
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days postpartum

obtained after a great reduction in the levels of TNF-a.

Pontes et al., 2006



Supresséo e/ou potenciacdo da sintese de
melatonina

Quando ?

Por que ?



Eixo Imune-pineal
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Condigcao Normal ] Fase pré-inflamatéria ) Fase de resolugao
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Melatonina atua no rolamento e adesao de
leucocitos




Melatonina e NAS
Inibicao do rolamento e adesao de leucocitos
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