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I ritmi circadiani nell’arco della vita





SPETTRO  DEI  RITMI BIOLOGICI

Periodo

� τ <  20 h

� 20 h ≤ τ ≤ 28 h

� τ > 28 h

� τ  = 7 ± 3 d

� τ  =  30 ± 5 d

� τ  =  1 y ± 2 m

Termine

� Ultradiano

� Circadiano

� Infradiano

� Circasettano

� Circatrigintano

� Circannuale

τ =  periodo;  h =  ora;   d =  giorno;  m =  mese;  y =  anno



L’ORGANIZZAZIONE  RITMICA  E LE 
INTERAZIONI  FRA  LE  VARIE 

COMPONENTI  SPETTRALI 
SOTTOLINEANO  L’IMPORTANZA   DI 

CONSIDERARE  E  MISURARE  I 
FENOMENI  BIOLOGICI (FISIOLOGICI; 
PATOLOGICI) IN SENSO  TEMPORALE 

OLTRECHÈ   SPAZIALE





Omnia metire quaecumque licet 

et immensa ad mensuram

tempestive redige

Galileo
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Linkowski P. Pharmacopsychiatry 1994;27:7-10.

















Science (2015) 347: 476-477

When the circadian clock becomes blind
Kramer A.





A   decline in homeostasis and a loss

of integration among the body’s 

interdependent systems seem to be

the general mechanisms by which 

aging progresses over time

Tamas Fulop.  Karger  Gazette   2012



SISTEMA 

CIRCADIANO

GENETICA

MASTER-CLOCK PERIPHERAL 

CLOCKS

(cellulari)

(Nuclei Soprachiasmatici)

(SCN)

SINCRONIZZATORI

SINCRONIZZATORI ESTERNI :  luce/buio; t°; campi elettromagnetici; cibo; vita sociale.
SINCRONIZZATORI INTERNI : sonno/veglia;  cortisolo; melatonina; citochine; 

sistema neurovegetativo;
DESINCRONIZZAZIONE :           Ritmi  free-running 



J Bone Miner Res (2015) 30: 199-221

Obstructive Sleep Apnea and Metabolic Bone Disease: Insight Into the Relationship 

Between Bone and Sleep

Swanson et al







Tipi cellulari della retina



MELANOPSINA

• Identificata / sequenziata alla fine del secolo scorso (1997-1998).
• < 1%  delle proteine retiniche.
• Espressa nei melanofori cutanei, alcune aree encefaliche, retina.
• Proteina transmembrana ~ 50kDa  (porzione extracellulare,  sette porzioni 

transmembrana, porzione intracellulare).
• Nella famiglia delle opsine, maggiore affinità strutturale  con opsine di   

invertebrati che  con altre opsine di vertebrati
• Nella retina, è espressa da una specifica popolazione di cellule gangliari, 

definite  ipRGC (intrinsically photoreceptive  retinal gangliar cells).
• Le cellule gangliari retiniche che esprimono melanopsina inviano segnali 

(proiezioni monosinaptiche) attraverso  i tratti retino-ipotalamici  ai nuclei
soprachiasmatici (SCN)



NUCLEI   SOPRACHIASMATICI 

(SNC)

• Posizionati nell’ipotalamo ventrale sopra il chiasma ottico, costituiti da   
diverse popolazioni di piccoli neuroni e astrociti fittamente addensati 
(densely packed).

• Numero di neuroni stabile in tutte le specie di mammiferi (30.000-40.000).
• Espressione genica di neuropeptidi (neuroni peptidergici).
• Principali meccanismi afferenti (varie aree encefaliche; tratti retino-

ipotalamici; pineale) : GABA, glutammato, melatonina, serotonina (5-HT).
• Principali meccanismi efferenti (varie aree encefaliche ; nuclei 

paraventricolari (PVN) ; pineale; periferia?) : vasopressina (AVP),
vasoactive, intestinal peptide (VIP), met-enkefalina (mENK), galanina,   
sistema simpato- adrenergico.



Physiol Rev 2010; 90: 1063-1102

Physiology of Circadian Entrainment

Golombek DA, Rosenstein RE



Trends  Endocrinol Metab 2010 , 21 : 277-286

Interactions of the circadian CLOCK system and HPA axis

Nader N et al



Endocrine Reviews, February 2017, 38(1):3-45



Endocrine Reviews, February 2017, 38(1):3-45





HEPATOLOGY  2007; 45: 1478-1488



J Steroid Biochem. 1983 Jul;19(1B):545-54.

Glucocorticoid secretion: a circadian synchronizer of the human temporal 

structure.

Angeli A.

Abstract

The circadian rhythm of glucocorticoid secretion represents an important 

endogenous synchronizer, a signal to place other bioperiodicities along an 

appropriate time scale. The results obtained both in experimental animals and in 

man by properly-timed administration of corticoids as well as personal 

observations in patients with Addison's disease given replacement therapy 

suggest that glucocorticoid action may not need continuous supply of hormone 

molecules to target cells but appropriate waves complying with the peripheral 

susceptibility. Furthermore, circadian changes in the susceptibility to 

glucocorticoid action may be phase-shifted among different targets. Evidence is 

presented that in human beings ACTH secretion is exquisitely sensitive to the 

negative feed-back effect by cortisol in the nocturnal hours following midnight, 

i.e. in a circadian stage preceding the acrophase of plasma glucocorticoid levels. 

In the circadian domain multiple rhythmic events, including chrono-feed-back and 

chrono-feed-forward mechanisms as well as the organization of steroid binding 

to plasma corticosteroid-binding globulin, provide stability, plasticity and economy 

to the activity of the entire hypothalamo-pituitary-adrenal system by conveying 

genetic and environmental control into a well-defined temporal program.



Endocrine Reviews, October 2016 37(5):450-466



MELATONINA

PINEALE

IPOTALAMO

LATERALE /

POSTERIORE

GANGLIO

CERVICALE

SUPERIORE

RETINA

SCN

PVN

HPA



Melatonina  e  suoi  recettori

Mol Cell Endocrinol  2012 ;  351:152-166

Slominski RM et al













Endocrine Reviews, February 2017, 38(1):3-45



SISTEMA    CIRCADIANO :

DALLA  FISIOLOGIA  ALLA  PATOLOGIA







Prolonged exposure to a toxic

environment

Socioeconomic stress

Psychological and emotional

stress

Changes in motivation and

reward seeking

Fatigue, lack of vigor, reduced

everyday activity

No regular exercise

Unhealthy food choices,

alchool, stimulant use

Changes in hunger and appetite

Autonomic dysfunction

Changes in fuel and metabolic

hormone sensing (resistance to

insulin)

Pro-inflammatory state,

increased oxidative stress,

hypothalamic dysfunction

Circadian desynchronization,

nighttime eating

Abnormal 
sleep

Metabolic 
syndrome

Diabetes



DISORDERS ASSOCIATED WITH 
CIRCADIAN DESYNCHRONIZATION     
ALTERED SLEEP PATTERNS

Jet - Lag   Syndrome
Shift - work  Syndrome
Obstructive Sleep Apnea Syndrome (OSAS)
Cushing ‘s Syndrome
Autonomic  dysfunction



Sindromi da eccesso 

di glicocorticoidi

A.Angeli,RG Masera,F.Orlandi,

M.Terzolo

EDIZIONI LUIGI POZZI   1994





Circ  Res.  2010; 106:447-462



There is substantial evidence that the disruption of the

circadian system with exposure to light at night affects

human health and increases the risk of developing

significant disease conditions.

• Sleep disturbances

• Mood disorders

• Cognitive impairments

• Breast cancer

• Metabolic syndrome /Type 2 diabetes

• Hypertension/Atherosclerosis/Cardiovascular damage

Endocrine Rev (2014) 35: 648-670

The effects of light at night on Circadian Clocks and Metabolism

Fonken LC, Nelson RJ





Falchi et al. Sci. ADV. 2016;2: e1600377  10 June 2016





Endocrine Reviews, 

October 2016 37(5):450-466



Endocrine Reviews, October 2016 37(5):450-466



Cancer Lett. 2014; 342:9-18.

Circadian molecular clocks and cancer

Kelleher FC, Rao A, Maguire A









SOCIALITA’ e  RICERCHE

TERZA ECONOMIA  SEMPRE PIU’ VALORE ALLA TERZA  ETA’

Quad 2, 22 gennaio 2008



SOCIALITA’ e  RICERCHE

TERZA ECONOMIA  SEMPRE PIU’ VALORE ALLA TERZA  ETA’

Quad 2, 22 gennaio 2008



Hypercortisolism and the aging brain

• An increasing body of evidence points to excess cortisol

secretion and/or action in aged individuals, notably in

demented patients

• Multiple mechanisms account for a vicious circle between

brain and adrenals leading to progressive up-regulation of

glucocorticoid action and progressive neurotoxic effects at

various lymbic sites

• The pathogenetic role of subclinical hypercortisolism in age-

related neurodegenerative diseases still raises many more

questions than answers. Clinical research is expected to focus

on comorbidities and dynamics of functional deterioration



Robert Frank



Endocrine Reviews, February 2017, 38(1):3-45





Conditions associated with 
subclinical hypercortisolism

• Central adiposity

• Alcohol consumption

• Smoking 

• Physical/Emotional Stress

• Altered Sleep patterns

• Strenous exercise/Overtraining

• Adrenal incidentaloma

• Anorexia nervosa

• Endogenous depression

• Dementia

• Stress-related disorders

• Chronic inflammatory state

• Aging



AGING

GENETICS STRESS

CNS,

SLEEP
COMORBIDITIES

LIFESTYLE

INFLAMMATION METABOLIC

SYNDROME





PRECISION   MEDICINE

INDIVIDUALIZED  MEDICINE

- PATIENT  ON  BOARD -
- NO   MORE   AFLOAT  -



MEDICINA DI PRECISIONE

Messa a  punto  e attuazione  di protocolli  di prevenzione, 

diagnosi e terapia basati su evidenze acquisite con l’analisi del 

genoma e/o dell’espressione genica individuali.







N ENGL  J MED 375;24    NEJM.ORG    DECEMBER 15, 2016



CHRONOTYPE
Individuals  and  populations can be stratified by circadian preference

• MORNING  TYPE   (Larks)
• EVENING    TYPE   (Owls)

Assessment using internationally validated questionnaires :

• Morningness-Eveningness Questionnaire (MEQ)
• Munich Chronotype Questionnaire (MCQ)

at least one other circadian phase marker
(e.g.  the preferred midpoint of sleep)















«Nell' "Impero delle luci" ho 

rappresentato due idee diverse, vale a dire 

un cielo notturno e un cielo come lo 

vediamo di giorno. Il paesaggio fa 

pensare alla notte e il cielo al giorno. 

Trovo che questa contemporaneità di 

giorno e notte abbia la forza di 

sorprendere e di incantare. Chiamo questa 

forza  poesia».

Magritte

Ringraziamento 

Maria Luisa Sartori


