itmi biologici

Tidal rhythms: crabs (Uca minax) — come out to feed when tide is low; return
to burrows when tide is high so don’t get stranded above high tide line:
bivalves open when tide is high, close when low.

Lunar rhythms: related to tidal rhythms: Grunion spawn during the spring
tides; many insects coordinate eclosion, mating and egg-laying with lunar
cycle.

Circadian Rhythms: daily cycle = 24 hrs. Diurnal= peak activity during day;
nocternal — night; crepuscular= dusk/dawn

Note that daily rhythms can vary w/ time of year: temperate zone birds =
crepuscular in summer => diurnal in winter (avoid being active when it is
really cold); may also vary with age (ie, young animals may be crepuscular
whereas adults are diurnal).

Circannual rhythms: period =1 yr.

Hibernation — reduced metabolic activity

Migration

Diapause- period of dormancy (eg, many insects lay eggs that are dormant
through the winter).




Organismi reattivi Organismi predittivi
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Ubiquitari

Generati intrinsecamente
Autonomi dagli stimoli
esterni

Ritmatori (pacemaker)
Sincronizzatori (zeitgeber)



Free-running Sleep and Temperature (T,) Rhythms
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Proprieta di un ritmatore circadiano Componenti di un ritmatore circadiano
» sintonizzato con il ciclo luce/buio con un » Fotorecettore
periodo di 24 ore
m Daramalrar (ritmataral: ZEITCERED
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= fase stabile rispetto al ciclo luce-buio
= Strutture con funzione circadiana

» persistente anche in assenza del ciclo luce-
buio esterno

= ciclo non-dipendente dalla temperatura

= ereditario e regolato da geni specifici
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giorno

Animali diurni Animali notturni

Senso primario: visione Senso primario: udito-olfatto
Attivi durante il giorno Attivi durante la notte

A riposo durante la notte A riposo durante il giorno

Ricerca del cibo
Accoppiamento riproduzione
Fuga dai predatori
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Il nucleo soprachiasmatico (SCN) come
pacemaker

» E il sito di terminazione di RHT (input visivo)

= Lesione di SCN abolisce il ritmo circadiano, ma non
altera le funzioni ritmiche

» |’isolamento di SCN (es DD o lesione di RHT) non altera
la capacita di SCN di generare il ritmo in maniera
intrinseca

profile of SCM lavels

= Dopo lesione di SCN il ritmo pu6 essere ripristinato da T To——
un trapianto di SCN embrionale (che impone un ritmo
tipico del donatore non del ricevente)
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Il trapianto di SCN embrionale in un

Time (h)

44

24

lllll

PVN




Proprieta intrinseche dei neuroni SCN
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—
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Vasopressin releass (pog'mL2 hr)

o 24 48 72 96
Hourg in culiyra

Circadian rhythm of vasopressin release from SCN
Is maintained in SCN kept alive in tissue culture.



Firing rate

Oscillazioni circadiane dell’attivita elettrica e
dell’espressione genica nei neuroni di SCN

single SCN neuron

MRNA levels
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Thalamus-basal - Forebrain Paraventricularhypothalamic nucleus

Psychomotor performance Autonomic regulation

Memory HPA axis

Reward mechanisms Thyroid

Pineal gland

Preoptic - anterior hypothalamic area Tuberal-posterior hypothalamus

Temperature Prolactin

Autonomic control Growth hormone

Sleep Arousal - wake

Reproduction Metabolism
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Intermediolateral . , |
cell column of the Superior cervical Pineal

spinal cord ganglion gland

Suprachiasmatic
nucleus
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Extraretinal
photoreceptors

T~ Pineal gland is a clock in birds
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Ghiandola pineale ed il controllo della riproduzione in animali long day (hamster) o short-day (pecora)
breeders
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Sleep—-wake control systems
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FASPS

(Familial advanced sleep phase syndrome)

Caritrol
(n=4#a)
Mlean + =.d.

2310+ 0:40
0744 +1:13

Sleep Onset
Sleep Ofsets

15t low Wave Sleep EER LT H
1st REMI" QA5+ 1:29
DL 2121 £+ 0:28
Temp Madir® 03:35+ 1:323

FASPS(n = &)

klean + s.d

19:25 + 144
O4:18 +2:00
20014 £2:35
21116 £2:25
1731 £1:49
222+ 255

Difference

{hours: minutes)

345
LRy
34
330
350
4:13

Poalue

< 0.0005
< 0.000%
0002
= 00005
< 0.0005
0002

‘n= 5 for FASPS only. *n= & for control and FASPS. Cata Include bath nights of study. REM, mpld aye mosameant;

CLMO, dim-light mealatonin onset; Temp, tsmparature.
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Other human circadian rhythm disorders

+ Delayed Sleep Phase Syndrome

+ SAD (Seasonal Affective Disorder)
+ Non-24h sleep-wake syndrome

- Health problems of shift workers

- Jetlag

« Cancer?
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SCN-lesioned mice

750 )
Control mice

500 - (sham lesion)

Tumor weight, mg
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Accelerated tumor growth in SCN-lesioned mice
(Filipski et al., 2002)

Table 1. Heoplastic Growth Phenotypes of mPear2™= Mice

mPerz™ Mice Wild-Type Mice mPer2™™ Mice Wild-Ty pe Mice

(12 marths cld) (18 months old) 16 months after IR 1E months after IR
Phenatypes =20 n =20 {n = 14% n— 2 B owalue
Salivary gland hyperplasia 20 (307 1] 14 {100%) 1 15%) =0.000
Taratorea in male mise 10 {100%) i} O 100y ]
Hair g raying & manths after IR 14 {100%) i
Liprmphio ma 3 (15%) i} 10 {712 1 5% = 0,000
Ang iosarcoma 1] o 1} 2 (10%)

5 irradiated mPar?™ mice weara lost at 9 month= after imadiation durnng the summer flooding in Houston in 2001,
B50 of mPar®® m ca showed enlarged salivary glands by physical examination. &t autopsy, all the mPer2®® mice older than 8 month of
age were fourd to have salivary gland hyperplasia.

Spontaneous developmentof cancers in Per2 knock-out mice
(Fu et al., 2002}
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Sleep - adaptive waking behavior

A

Na, 5-HT, ACh

» Neocortex

Subcortical
arousal areas

Glu, hypocretin GABA, histamine
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hypothalamic
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SCN Arousal
g

» ( Tuberomammillary
area

Sleep

Ascending reticular
activating system
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