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.1. Constats _deflations
* * L I'F. e

- Recits d 11.: gl = femII . utang :
Ce recit éto xtralt de “Expe rlenq"es hors du temps" dg M: pire) montre la
stabilité du -so me|I d'une femelle,orang- outan.é captiii@e a Java en

1896eth|f Me vo gevers Hambour nba%é"a'lﬂ"avone. b
,,r'g"e e |

"Au debut la guenon, gUi-habitait sur le pont, se réveillait acilljver deiSaleil, a 6

heures, et se couchait a{l8 heures.environ. Au cours-de-ce v@yageV@¥'s I'ouest, elle
gardait une durée de somrmgi es, avec-un decalage deg@l#dse sur le temps
local. Si bien qu'au Cap de Bo eranc?_el'l'le_s'e revedlait adiheures du matin et
se couchait a 14 heures l'apres-midi...
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- Récits d '“‘u: meil I'e ferme II ot B utang :

“La guenon gahtinuait a vivre-a 5|ever."et ase coucher conime L& le était encore a
I'heure solaif desdava.iMalheureusement, ces précieuses o.lf;serva )S ont éte
interrompuedgdar la mort prer]?turee'g?rl_oranggmg, quyi ava|t idefline bouteille de
rhum !” . Iil, * .]I

|

II 1 |I s
De Java au Cap de Boline Egpérance, il y a six fuseaux horaires./E@8jou 4 semaines
de traversee, |'organismg de la guenon avait compense-2 deg! 6.helll@ de décalage

son herloge interng, resistante 2 thmes du soleil,
R,

15 Novembre 2010 Arnaud Rabat, Chercheur a 'RBA-Ant enne Toulon




Chronobiologie & Hormones

ASmplitude
Activité nocturne Actiwité diurne

| |
Oh zn T2k

AAmplitude AAmplitude
Activite pulsatile 20 mn = Waleur movenne 77

t

- |
0k 121 0k Oh 121 Oh

Fig 12 : Moyennes et Statistiques masquent
1'essentiel d'une activité physioclogique.
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F1g 12 : L'ordre chronologlgue, aspect essentiel
des activités physioclogiques.
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- Médecine, b|oI : phyS| “dogmig dw, 19 SiRcle = milieu intérieur

(Homeosta3|e, =- fard) : . xl
t VviSion; si
( = C.es gne SIoN'S ‘_

i
- Varlatlons olo® Ifl:l_fonctlon c!u tem 1

Les rythmedigtern qwa rne.n eces vivantes animalell et végétales
P e : g

sont connusHg e liés.q pwsla |qU|te Les anclens remarqu ent les

différences entre.esp es nocturnes et diurnes, etijls etu,bll' Ml &S cycles de
reproduction, d' act|V|t_ et de repos, de migration.et d*hiQefn i de
nombreuses espéces gnimales...

arl von Linné (suédois, 1 est e ereatcticde la D@IFinique moderne
et son idée d'horloge florale montre la finesse de ses 6bsérvations
chronobiologiques. 3
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% o
@:Experl &8s _hor empd deg ““1!* Siffre

« LExpérig (;LBFUH el au 'ri4 septembre i:l

e ﬁ"*l -, |

. I~y

S
- Siffre"g * et reste dans une grotte
par 130 nTeesfiond pendant 2 mois avec !
des conditions 1llﬂélterlelles et sanltalres

terribles.

- Bilan = évaluation
retard sur 58 au total.

D’apré's Cr;ab'lc_l'é, 2000, http://www.membres.lycos.fr/jmcmed/rythmes/
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= EXperieAte
 LExpérigl (J.B,TU et au'14 septembrelﬁ)f

. LExperl S0l 1e |n au O novembre 1566 :
'-a:‘-' '
- Expériencelde 6 mois avec étude'de k&
différents pardmetres.biologiques (EEG,
ECG, Perform

T°, Pouls, Notion s
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|.1. Constats d
= ExpéricALHs horssgurtemps un 8| Siffre

« L’'Expérig} é%u(lﬁﬂun El au'14 septembre E! 5

e L'Expérigncaudille |n au 3"(')r'r‘1‘ovembre|,|19r66

o L’Expéerience de R0 ' jours en 1972 au-Fex

|
D’apres Crabbe 2000 http://www.memireSHee Jmcmed/rythmes/
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& Deéfinit f5)2 8
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e Rythiz (o -_.:..o i |Va\‘fation réguliére-:I et Sgh/olontaire
d'une RNction phy, lologiquer-eidn métaboligfie d’'une
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* Perigpe -

e AM[ 'L'L:.‘ Ij

Période

Temps

° QQF:I-I-. Amplitude X Meésor
(Bathyphase)

* Niveau Moyen!

Paramétres caractéristiques d’une fonction rythmique (d’aprés Touitou et
Haus, 1994)
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Fig. 1.  Fully competent circadian clocks in tissues and cells of the immune
system. (Left) Circadian clock genes Per2 (filled circles) and Rev-Erba (open
circles) are rhythmically expressed in murine spleen cells, lymph nodes, and
peritoneal macrophages. Tissues and cells were harvested at regular intervals
over the course of the first 2 days after transfer of the mice from a LD cycle to
DD. Gray and black bars refer to the previous light and dark periods, respec-
tively. CT 0 corresponds to the time in DD when the light would have turned
on in the prior LD cycle. Transcript levels were analyzed by using quantitative
RT-PCR. Displayed are the means = 5EM. (spleen: n = 3-6; lymph nodes: n =
3-4 except for n = 2 at CT 6/day 2; macrophages: n = 3-4) normalized to
nonoscillating Gapdh expression levels. (Right) Autonomous clock gene oscil-
lation in invitro conditions. A small piece of spleen, superficial inguinal lymph
nodes as well as peritoneal macrophages from PER2:LUC knockin mice (20)
were cultured in medium containing luciferin. Circadian bioluminescence was
continuously recorded for =1 week by using photomultiplier tubes. Repre-
sentative time series for at least three independent experiments are shown.
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Relative mRNA abundance

Fig. 4. Eight percent of all transcripts in macro-
phages are expressed with a circadian rhythm. (4)
Phase-sorted heat map of genes transcribed in a circa-
dian manner in peritoneal macrophages. Cells har-
vested via peritoneal lavage from four C57BL/6 mice
every 4 hwere magnetically purified for CD'11b surface
expression (see Fig. 55). Three individual RNA samples
of each time were pooled and subjected to global
gene transcription measurement by using Affymetrix
chips. The analysis on circadian rhythmicity was done
 with CircWaveBatch. Lfdrs were determined and cut-
off value was arbitrarily set to 0.1 as a measure for
rhythmic versus nonrhythmic transcripts (see Fig. 57).
Genes expressed in a circadian manner were plotted
phase-sorted in a heat-map style (colors indicate min-
max normalized relative expression: green, minimum

- - 4, Rev-Erba 4 Df}ﬂ expression; red, maximum expression). (B) Canonical
04 81216200 4 8 121620 , prFk gene expression in peritoneal macrc_}phag:_z:s. In-
Circadian time (hours 2 dividual datasets from A were plotted (filled circles)

( J together with data obtained by a quantitative RT-PCR

0 assay of the same samples (open circles, means = SEM,
o 12 0 12 o 12 0 12 n = 4, except for times CT 24 and 28, n = 3). Statistical
Circadian time (hDUI‘S} analysis for qPCR data and chip data were performed
with CirdlMave and CircWaveBatch, respectively (mi-
croarray: P = 0.0001: Bmall, Cry1, PerZ; P = 0.01:
Rev-Erbe, Dbp, Cry2; P = 0.05: Perl and Clock; gqPCR:
P = 0.0001: Bmall, Cry1, Per1/2, Clock, Rev-Erbo, Dbp;
P = 0.001: Cry2).
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LE CYCLE CARDIAQUE

] Fhase de contrackon = SYSTOLE
[ | Phase de décontraction = DIASTOLE :
= FEHE . \ des orasilattes

el remplissage
des vertricules

Fermeture des
valviiles snieulo-
venltricularnes

| DSTOLE
GENERALE

Fermeture
des valvules
sigmoides

conlraction des ventricules,
le sang st chassi dans les artdres
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L * | Fig. 2. Circadian cytokine secretion upon challenge with bacterial endo-

0.1 | DI | | N | 0 toxin. (4) Spleens from C57BL/6 mice transferred in DD were harvested at
0 4 8121620 04 8121620 regular 4-h intervals. After stimulation with LPS, TNF-a (Left) and IL-6 (Right)

ry secretion was determined by ELISA. Gray and black bars refer to the previous
spleen cells CD19 light and dark periods, respectively. Presented are the means = SEM (n = 4-5).

‘_A\ Circadian oscillations are statistically significant as analyzed with CirdWave
L F, '-.II‘ P, ¢ ‘-"‘E'::*-H :.: J
L + /+/ ""'- + I K T\‘;;f .

{TNF-a and IL-6: P = 0.05). (B) Cellular composition of the spleen is time-of-day
dependent. The same samples as in A were analyzed with cell-counting
. . I @ . I
0704 8121620 © 04 8121620 P

chamber and flow cytometry. CD19, CD90.2, and CD11b in combination with
CD90.2* CD11b*/CD14*

CD14 were used as characteristic surface markers of B cells, T cells, and
H .
_ A
[ \\.(-"_':. ]

monocytes/macrophages, respectively (for FACS gate settings and surface
04 8 1216 20 04 8 1216 20
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markerexpression levels, see Fig. 54). (C) Cytokine response asin Awith respect
to numbers of CD11b/CD14-positive spleen cells from B lower right.
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Fig. 3. A macrophage intrinsic clockwork regulates circadian TNF-« and IL-6
secretion upon LPS stimulation. (A) Circadian modulation of LPS-induced
cytokine response is independent of systemic cortisol. Spleens from adrena-
lectomized C57BL/6 mice were harvested and analyzed as described in Fig. 2.
TNF-a and IL-6 cytokine secretion per macrophage was determined via ELISA
by taking the absolute number of monocytes/macrophages of the spleen into
account (see also Figs. 52 and 544 and Materials and Methods). Circadian
osdillations are statistically significant as analyzed with CircWave (P < 0.001
and P = 0.05 for TNF-x and IL-6, respectively). (B) TNF-x response upon LPS
stimulation is regulated by a cell-intrinsic, local clock. Spleen cells from 20
C57BL/6 micewere harvested, pooled, and plated for tissue culture. Individual
wells were stimulated for 4 h with LPS at indicated times, and supernatants
were collected thereafter. TNF-a levels in supernatant were determined by
ELISA and tested for statistical significance with CirdlWave (presented are

means = SEM, n = 15, P = 0.0001).
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Propagatlon électrotonique des OL

Propagation synchrone Propagation asynchrone
des OL sur une section : “-. des OL sur une section :

péristaltisme
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Automatisme: mise en
évidence in vitro

temps

Contractions spontanées
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Fragment isole d’intestin




Segmentation environ 12 & 18 foisfmin Movuvement pendulaire environ 10 fois/min

Féristaltisme 1 cmis

) gl =" ) Muscles longitudinad

Figure 5-27

Muscles circulaires

Chyle

> m— R

Figure 5-26: Les mouvements de l'intestin gréle chez I'homme.
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Brainscaping diagram

4 3 5 7 g 114515451954235c279931 1 3 g 7 g 111315191951235c275931Hz
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.2. Les rythmes bilalogiques
g

(COMPORTEMENT DIURNE )

Activité générale
locomotrice

5 11 13 15 17 19 21 23 1 3 5 7 9
Temps (heures)

Charge plasmatique maximale Charge plasmatique maximale
en glucocorticoides en giucocorticoides
Charge plasmatique minimale

en glucocorticoides / /

Activation corticosurrénalienne
Activation corticotrope
Charge hypothalamique en CRF
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.2. Les rythmes biglogl gues

Repos diurne

17 19 21 23 11 13 15 17 19 21

Temps (heures)
COMPORTEMENT NOCTURNE

Charge plasmatique maximale Charge p!asmatiqqe maximale
en glucocorticoides en glucocorticoides

Charge plasmatique minimale
en glucocorticoides

T Activation corticosurrénalienne
Activation corticotrope
Charge hypothalamique en CRF
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.2. Les rythmes biglogiques

CHRONOBIOLOGIC TERMINOLOGY FOLLOWS THAT USED IN PHYSICS
BASED ON FREQUENCY (f; RECIPROCAL PERIOD: = = 1/f)

F
[CARDIAC CYCLE)
|~ IRESPIRATORY CYCLE)

'
ULTRASOUND ULTRALHANS

[ T
ULTRAVICLET {REM CYCLE)

Lent— CIRCADIAN
J RHYTHM

IVISIBLE _
ek . CIRCASEPTAN

e 11| lauoieLe

.] | |souND
R ] /r: ;.' ) ) CIRCANNUAL

—
rd
o
™
]
2
=
k]
=]
=
E‘
L

Period {seconds, s; hours, h; days, d; years, y)

INFRASCUND INFRADIAMS

Figure 1: Terminology follows usage in physics. The broader division of biosphere spectra into 3 domains uses the
ASH\le)V/=ag)( circadian range of 1 cycle in 2028 hours as a reference for frequencies (not periods!) higher (ulira) or lower {infra)  ECINESLS)
than circadian, in keeping with precedents of nomenclature in physics. © Hailberg.
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CLASSIFICATION DES RYTHMES BIOOGIQUES

- Rythmes de haute fréquence T < 30 min
(cardiaques, respiratoires, électroencéphalographiques

-Rythmes de moyenne fréquence 30 min < 1t < 2,5 jours
- ultradiens 30 min < 1 < 20 heures
- circadiens 20 heures < 1 < 28 heures (conditions de free-running)
- infradiens 28 heures < t < 2,5]jours

- Rythmes de basse frequence T > 2,0]jours
-circaseptidiens T ~ [ jours
-circatrigintidiens t =~ 30 jours
-circannienst =~ 1 an

AN * nycthémeéral (conditions de synchronisation)
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wiigmmm® Tipical pattern of seasonal/photoperiodic changes in reproductive physiology in a long-ghily, beiseding rodent.
Reproductive activity is maximal during the long days of sumimer, hlut reprml_umulc regression occurs as Hig days get shorver
during the autumn. The reproductive system maintains a period of quiescence (inactivity) during the days'ofwinter. As the
day length increases during the spring, reproductive activation (recrudescence) occurs anew. '
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Figure 1. Seasonality in Sleep Timing Taken
from the MCTO Database

Annual ime courses are double ploted (the
same data are shown sequentially to more
easily visualize systematictrends) (n = 55,000).
(&) Half-monthly averages of midsleep times
on free days [1], MSF (open circles = SEM),
and of wake-up times (ling). DST periods are
indicated by the open boxes and their transi-
tions by dashed horizontal lines; dawn times
are shown as a gray to white border. Whereas
gleep times track dawn under standard time,
midgesp is scattered around 3:30 (wake-up
times around 7:40) under DST. Age and sex
ratio were not significantly different in the 24
averages and showed no interactons.

(B} Seasonal changes in sleep duration (filled
circles; averaged over both free and work
days = SEM) result in about 20 min more
gleap in winter than in summer (cosine fit
r=0.75 p < 0.0001).
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RYTHMES CIRCANNUELS
chez I’homme

* Variations saisonnieres de la sécrétion de
melatonine (avance de phase 1’hiver/été), du
cortisol (diminution sécrétion pendant
automne et hiver et ré-augmentation des
février)

* Augmentation fatigue et tristesse durant
automne et hiver.

« Variation de ’attention, de la sociabilité et
de la croissance corporelle.

* Mort subite, AVC : rythme circannuel
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CLASSIFICATION DES RYTHMES BIOOGIQUES

- Rythmes de haute fréquence T < 30 min
(cardiaques, respiratoires, électroencéphalographiques

-Rythmes de moyenne fréquence 30 min < 1t < 2,5 jours
- ultradiens 30 min < 1 < 20 heures
- circadiens 20 heures < 1 < 28 heures (conditions de free-running)
- infradiens 28 heures < t < 2,5]jours

- Rythmes de basse frequence T > 2,0]jours
-circaseptidiens T ~ [ jours
-circatrigintidiens t =~ 30 jours
-circannienst =~ 1 an

AN * nycthémeéral (conditions de synchronisation)
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.2.2. Les ryth ;_____. frigintidiens
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* Le cycidy @L-.Lu
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.2.2. Les rythmescircatrigintidiens
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CLASSIFICATION DES RYTHMES BIOOGIQUES

- Rythmes de haute fréquence T < 30 min
(cardiaques, respiratoires, électroencéphalographiques

-Rythmes de moyenne fréquence 30 min < 1t < 2,5 jours
- ultradiens 30 min < 1 < 20 heures
- circadiens 20 heures < 1 < 28 heures (conditions de free-running)
- infradiens 28 heures < t < 2,5]jours

- Rythmes de basse frequence T > 2,0]jours
-circaseptidiens T ~ [ jours
-circatrigintidiens t =~ 30 jours
-circannienst =~ 1 an

AN * nycthémeéral (conditions de synchronisation)
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.2.3. Les rythmes.Cl
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Chambre expérimentale individuelle
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Kinetic parameters taken into
account

Concentration

« distribution type (mono, bi, ...
mu lti-compartmental)

« distribution volume
 half-life (elimination)

Secretion
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|.2.3. Les rythmes.gircadiens
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Figure 1: Circadian rhythms of plasma melatonin, core body
temperature, subjective alertness, task performance (reaction
time, in secs), and triacylglycerol, from human beings held in
constant routine conditions (ie, controlied light, posture,
activity, and meaals)
The peak in the melatonin thythm (paned A), shown by the dotted line, and
o : the lora-point of :j_'u: temperature rhythm {paned B) are within 1 h of each

I ¥ T Gther. The low-point of the alerness and perormance rhythins {panels C

ard 0, respectively) is shortly sfter the melztonin peak, and the peak in /195

15 Novembre 2010 Arnaud Rabat, (O [<1 (e g [SIB 1§ ri=cvigvoeral (panel E) coincides with the melatonin ps ke,

(0 = not alert,
5
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.2.3. Les rythm

Time of day (h)
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|.2.3. Les rvthm
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.2.3. Les rythmes.gircadiens

Distribution de la période circadienne chez ’'homme en
condition de free-running(Czeisler et al, 1999)
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1.2.3. Lesr thmes.gircadiens
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1.2.3. Les rythme, cadiens
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Trois conditions sont requises pour  CIRCADIAN PACEMAKER

cette action concertée: ' v, U

« Un svsteine !JDIHEFFfitHSiIHUE . 45 0. .10 SO
fonctionnel (quantification des Pl I . A E

ondes lentes) PHYSIOLOGICAL OSCILLATIONS
- A . . . - e.g.. TEMPERATURE,
LUn svsteme circadien fonctionnel. HORMONES, ’
incluant des synchroniseurs actifs rimEaeals o
(rythmes température/melatonine en _ '
phase avec le cycle lumiere-
obscurité)
L'ne relation de phase normale = PROCESSC - PROCES: S
entre 1"horaire choisit des épisodes . ]

£ , F X mteract 1o generate
veille- sommmeil (homeostasie) et la

phase du systéme circadien
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L’adénosine serait mise en jeu essentiellement lors de | 'eveil prolonge

veille sMei‘ veille le récupératidn  veille

7N

La somnolence apparaissant au cours de la privation de sommeil, et le rebond de

sommeil lent consécutif seraient sous le controle de I'adénosine.
d'apres Borbely 1982
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“There Is only a narrow range of sleep-onset times that
allow for consolidated sleep throughout the sleep episode”

o
=

Wakefulness (%)

240 0 }
Circadian Phase (degrees

Corresponding Time ©f o
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Figure 5: Double plot (48 h) of the interactive effects of sleep

debt and biological clock time on subjective aleriness ratings.
Aleriness was assessed at various tmes of the day. For each assessment,
sleep debt (the duration of wakefulness preceding the assessment) was
either less than 3 h {panel A) or between 16 and 19 h {panel Bl The dotted
vertical line st 0600 h is the time of core body temperature minimum in
these participants. In both A and B, minimum alertness s just before

0600 h. However, in B, the average level of alerness is substantially lower,
and the rhythm amplitude is greater. Clearly, with increasing sleep debt the
circadian influence is more pronounced. Redrawn from Dijke** with 74/195
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i

- Vigilance
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.2.3. Les rythmescircadiens
* Le ryth 08 W(qiancebideMesiormance
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.2.3. Les rythme: C

There is only a narrow ran-ge of wake-up times that allow for
a sustained high level of performance throughout the day
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Mean relative performance

r— T r .
0-000 0025 0045 0065 0-085 0-100+
Hood alcohol concantration (%)

15 Novembre 2010 Arnaud Rabat, Chercheur a 'RBA-Ant enne Toulon 78/195



Chronobiologie & Hormones

1.2.3. Les rythme, ~adiens
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'."L_ L

La GnRH cop#folay |aFlibération de FSH et [H, {Elle agit @&nGsur leurs propres
cycles de r pgontréle pout-int { surfleurs concentrations).” = et LH jouent un
role majeuriidns. |a=libgration diho morjes sexuelles dans lg"sang#&est en fonction

de cette corl@@ntrafipn'en hormones sexuelles-uiest libérée la Gtk
LY
.. g
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15 Novembre 2010 80/195




ngml ™" | GnRH

DOSAGES CHEZ UNE RBREBTS EN FIM
CEPHASE FOLLICULATIRE ET PEMNDAMNT
LEFLC OV ATOIRE DE GnRH ET DELH

Fic ovulatoire
de LH




Chronobiologie & Hormones

Transmittance
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.2.4. Les rythmesdlltradiens

2dh ah Bh
—— sammeil lent 1 a W

somimeil paracoxal

Fig 4 : Rythme de 90 mn du sommeil paradoxal et du rive
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FIGURE 2
THE ULTRADIAN PERFORMANCE RHYTHM

Top performance Top performance

Shress

Bzkivity

tradian i
leuel Ultradian

healing healing
response [esponse

90 minutes 20 minutes A0 minutes 20 minutes

Adapted from: Rossi, EL: The 20 Minute Ereak. Tarcher-Futnam, Mew York, 19391, p 12,
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|. La chronobioloqie
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.3. La régulation.des rythmes

=T

Hastings et coll., 2003
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Figure 27.  Awtonomous rhythm of a subject (E.v.5., ¢ 24 ¥} living under constant conditions withou
time cnes. The experiment is divided arbitrarily into two sections (A and B), for further analyses.
I. Temporal courses of the rhythms of activity and rectal temperative, presented successively one
period beneath the other. Indications are the same as in figure 16/l White triangles are temporally
comrec! redrawings of comesponding black triangles.
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Body temperature and plasma melatonin relationship
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Notion de 2 horloges biologiques 7?7
Effet predominant de X

Température interne Sommeil lent profond
Cortisol plasmatique Hormone de croissance

Mélatonine plasmatique Prolactine
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.3. La réqulation.des
—— e -
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Figure 6-2. SCN neuronal activity during the
first 24 hours in vitro. Spontaneous activities of
individual neurons randomly encountered and
recorded extracellularly (small dots). Two-hour
means of single unit activities recorded in a sin-
gle SCN over a circadian cycle = SEM (large
dots). Slices were maintained in constant light,
Shading distinguishes subjective night (the dark
phase of the donor’s lighting cycle) from day. Gilette 1986
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|.3. La reulatlorl GesS [ hmes
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igure 26—1. Percentage of polygraphically recorded wake time in
each 30-min bin over 48 consecutive hours in two adult male rats
recorded in constant dim light. A is from an intact control rat and
illustrates a typical 24-h circadian rhythm of sleep-wake time. B is
" from a rat with complete ablation of the SCN. The 24-h rhythm
of sleep-wake time was completely lost. This particular rat shows
prominent ultradian rhythms in the 3- to 4-h range. SCN, suprachias-
matic nuclei. (Modified. Republished with permission of the Ameri-
can Sleep Disorders Association, 6301 Bandel Road, Suite 101, Rudhi-
_ester, MN 55901. Figure, R.E. Mistiberger, B.M. Bergmann, A.
Rechtschaffen, Sleep, 1987, vol 10. Reproduced by permission of the
publisher via Copyright Clearance Center Inc.)
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Sleep homeostasis in suprachiasmatic nuclei-lesioned rats: effects
of sleep deprivation and triazolam administration

Lorenz Trachsel, Dale M. Edgar , Wesley F. Seidel, H. Craig Heller
and William C. Dement
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Environmental
Synchronizers

Transducer

Multifrequency Mediator a
Rhythmic
and

Random Pacemaker
Input

Mediator b

Secondary
Oscillators

Mediator ¢

Overt Rhythm

Fig. 1. Smmphfied diagram of circadian fiming mechanism: self-sustained
genetically determined circadian oscillations characterize the circadian pace-
maker (1.e., the suprachiasmatic nuclei) but may also be found in transducers (Le.,
the retina), secondary oscillations (e.g., pituitary and/or adrenal) and in target
tissues (e.g., mesenchymal tissues, lymphocytes). The environmental circadian
synchronizer acting upon the transducer provides time information which may be
modified by multifrequency rhythmic interactions. Random or non-random
environmental inpui may lead to alteratons and/or masking of the rhythms
measired (e.g., rhythms in plasma cortisol or in cell division). Figure adapted
from Haus and Tourtou [#].
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Cycle veille-samimeif
Activite Locomotrice
Reguilation hormonale
Vigilance
Mérabolisme

Batonnets

LR
L] q.-

Mecanismes
moleculaires &

'f

= - " .

i RETINITE : e
PIGMEMTAIRE .
L]
E

L]

L

|

L]
. ]
r*.*..'.l

l!“ lu.. [ 13
- '.I. A A

Cellules
gangﬁimmairé}‘ :
(melanopsine) %o e o eg ﬂn
!|
L'

Fig.1: Représentation schematique du systeme circadien. L'information
photique est transmise de la rétine au noyau suprachiasmatique (SNC).
MNotez que les pathologies degeneratives rétiniennes (alaucome, retinite
pigmentaire) affectent des systemes photorécepteurs differents.
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A human phase-response curve to light
Minors et al Neuroscience letters 1991 133 36-40
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Fig. 2. Phase-response curve 1o single light pulses. Mean phase shifts,
derived from the average of the two methods of estimation, are plotied
as a function of time of the mid-point of the ighi pulse relative 1o the
timie of rectal temperature minimum. The mid-point of the light pulse
15 expressed as hours before {0, or after { =), the tme of rectal em-
perature minimum. Negative phase shifis indicate phase delays. A:
phase shifiz derived from Protocol | expenments; @ phase shifits der-
ived from Protocel 2 expermments. The fitted curve 12 an hourly esti-
mate of the phase shift using a weighted mean calculated from all val-
ues within the range of +2 h. No estimate was made if less than twao
values were within this range (period of dashed hne). Different weight-
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Figure 2. Phase response curve (PRC) of a human haing, in

response to light

_S-.,-I::-juﬂLiue mght (ie, night-time according to the biclogical clock) is
Indicated by a black horizontal bar. Maximum phase shifts sre within
4-5 h of the lime of core body lemperature {CEBT} minimurm. The precise
s-_half:e and amplitude of PRC= for human DEINgSs depends on the strength
(e, intensily and duration) of the light stimulus. =
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Phase shift (h)
%]

o
|

1 1 1 I
003lux 180 Mx  1.260 lux 9,500 lux

Light intensity (lux)

figure 28-6. Dose-response curve of the phase-shifting effect of
‘hree consecutive daily cycles of a 5-h retinal light exxosure, The
srdinate represents the phase shift observed between the first and
second constant routines in each group of subjects. The abscissa
represents the light intensity (lux) plotted on a cube root scale.
By convention, positive phase shifts represent phase advances, and
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Control of melatonin secretion
From Cardinali D , Pevet P ,Sleep Medecine Reviews, 1998, 2, 175-190
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The circadian system in humans
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.3. La réqulation.des rvthmes

Endogenous factors

SI0joBl [BlI00S

Environmental factors
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.3. La régulgﬂso%g@es

PROPRIETES DES RYTHMES BIOLOGIQUES

1) les rythmes persistent dans des conditions constantes

= origine endogene - preuve genétique
contréle par une horloge (rythmes circadiens)

2) les rythmes sont entrainables

sous |'effet des synchroniseurs (alternance lumiére-obscurité)
facilite 'adaptation a I'environnement

3) les rythmes sont organisés les uns par rapport aux autres
cohérence physiologique
synchronisation interne = relation de phase
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1l. Les hormone
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11.1. Rappels

~
= Mode d.&€d0on

"l'. o g
- Une hor = messagertau syls‘téme endocrinien-l(
endocrin@g®es f ndocr|nier||) en reponse a ung stinigtion, et
as fal R

i blé'dose. = T

capable Gaagir

_—
la lymphe ou &Xeefinesdans l'urine, I'haleine oulles ode
par la transpiration

grporelles

" !
_ Hormone w@- avec action a distance](endocr.inLe;d jl le sang ou

-

- L'organe eémetteur ag#gamsi a dbta.ncg__ggr_._ asemble @ iorganes
cibles de 'organisme ou nismes yoisins de-ft4aggg@fespece, voire
d'organismes symbiotes dont les récepteurs sont actives au contact des
hormones spécifiques (interactions durables)=——o"
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11.1. Rappels
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11.1. Rappels
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11.1. Rappels 1
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11.1. Rappels
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Action hormonale
Libération des Gunadolrophines (FSH el LH)

Libération d'hormone corticotrope [ACTH)

Libérations de TSH

inhibe 12 prolactine, ...

augmentation de l'expressicn des agquapoerines 2 lo surface
des cellules

augmentation de |2 contraction des cellules musculaires
lisses

Arnaud Rabat, Chercheur a

Effets physiclogique
Taux dhommone sexuele, gamélogéngse, ..

Effets des glucocorticoides et des androgénes, ...
Agil sur la lipération des hormones thyroidiennes (T: et T4,

Stimulation de |a circulation sanguine, Effet de récompense (ex:nizotine et cocaine agissent par
la dopamina), ...

Appetit, &veil, ...

augmentation de la rébasorption de 'cau dans les reing, augmentation de la volémic ot de la
presaicn sanguire ..

gjection du lait de la glande mamma re, contracticns utérines lors de 'accouchement ..
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11.1. Rappels -
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11.1. Rappels
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11.2. Les hormone
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= La melatonine : sécrétion par la glande pinéale
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11.2. Les hormon
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11.2. Les hormone
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Melatonin excretion, body temperature and self-rated fatigue
during 64 hours of sleep deprivation

from Akerstedt et al, Psychoneuroendocrinology, 1978, 4, 219-225
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Effect of light or light + melatonin on temperature rhythm

= (Control (endogenous melatonin)
| ight

. Light + melatonin infusion
t°C
A
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11.2. Les hormon
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11.2. Les hormone

N .
—
e
o
L =
'
1
-
—
1
—
T
"
.
.
o™i
-
| o
o

22000102 03 40506 07 08
Heure du jour

15 Novembre 2010 Arnaud Rabat, Chercheur a 'RBA-Ant enne Toulon 139/195




Chronobiologie & Hormones

11.2. Les hormones.y ytho ées
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I.2. Les hormones.tythm ees
= Les hormgries Ui stibss-+/c-coMisal
AN =\
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Interactions of the circadian CLOCK

system and the HPA axis

Mancy Mader', George P. Chrousos® and Tomoshige Kino'
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11.2. Les hormone
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Figure |. Central CLOCK synchronizesthe peripheral CLOCK s and regulates perpheral organ activities via neural and humoral intaractions. (i) The central master CLOCK
located in the SCN [core) obtains light'dark information from the retina through the retinchypothalamic track [RHT) and adjusts to synchrenize its circadian rhythm,
whareas [ii} it indirectly projects several effarent neurons to transmit iming information to other parts of the brain and distant organs their peripheral CLOCKs and
influence their activities, such as secretion of pituitary hormones and melatonin, food intake, sleep and body temparature. The central master CLOCK employs tha
autonomic nervous system and humoral mediators for organ regulation. For simplicity, detalled anatomical structums for the sympathetic and parasympathetic
nernvous systams, such as nuclel located in the brain stem including the solitary nucleus and tha ambiguous nucleus and the sympathetic and parasympathetic ganglia,
are omitted. DMH: dorsomedial nucleus of hypothalamus, DMY: dorsal motor nucleus of vagus, MPO: medial precptic region, PYN: pamventricular nucleus, SCN:
suprachiasmatic nucleus.
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Fgure 2. The circadian CLOCE system and the HPA axis influence the activity of one another at multiple levels. The central CLOCK under tha regulation of the light input
contrels the HPA axis and produces regular diurnal secretion of glucocorticoid hormones from the adrenal glands, whereas the peripheral CLOCKs, which are locatad inthe
adranal glands and other components of the HPA axis and are regulated by the central CLOCEK throwgh the sympathetic nernvous systam, also contribute to tha rhythmic
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On sait depgiislongtem j-qu 'hypathalamus, petite zdne &M base du
cerveau,j e un essentiel dang la régulation deslﬁrises entaires.

, o A £zl _é" L. ,
encore plusilofittemps g&€ I'ner t la génétiqué jouent u .'o décisif

dans bon no sités (mais pas.dans '[OU'[IIQS). Mais ge } 'on ne savait
pas, c’est commentnelier Iles deux ordres de phénoménI S. *'

A la fin de 1994, des ¢ eurs américains et frahg IS metiglll en évidence
chez certaines souris ob fforn-ealre UM-gene, app@ie (ob), et
I'adiposité desdites souris. Le gene (ob) ¢ode une proteine™a leptine. Cette
protéine est libérée par les adipocytes adt]lte__s e_t-serlgg_signal au cerveau
en lui indigquant les dimensions des réserves detissuadipeux.

Il'y coexistejgi. cenfre de la satiéetféﬂrg_yn ce de lafaim: ON@ait depuis
adité e
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. Ligand & ene z "Ifg_r'c;' #hormone ecTretagog 4 receptor
(GHS-R) (€stoma#). || proyoque la'libération GH }

administration V.5~ | d
Immunoréactivité ghréline-dans le noyau arqyg /Rdhal.
ghréline chronique SNCsaugmentela prise-alimeighre et poids
(+expression du neuropeptide Y ef_de I'AGRP)e#€et orexigene
indépendant GH, insuline, glucose, leptine-—_=

(Diabetes 2001 ; 50 : 2438-2443, Jun Kamegai)
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- Bilan ;L R

Deux grandes categories d’ hormones
ont été initialement deécrites (Pincus 1966):

- Hormones “associees au sommeil” sans influence du systeme
circadien:
GH, PRL

-Hormones “circadiennes” sans influence du sommeil:
cortisol, mélatonine

Les resultats recents (etudes mieux controlees et techniques +
sensibles) suggerent que les 2 systemes (circadiens et sommeil)
exercent des influences sur la plupart des hormones
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& Bilan : .
——

Les relations entre les secretions hormonales et le sommeil peuvent
étre de type positif ou negatif et étre complexes:
GH (SWS+), TSH (C+, S/ISWS-), cortisol (C+, inter delta-), ...

Il existe des interactions reciproques entre hormones et sommeil =>
pathologie ou action sur I'un des systemes peut avoir un impact sur
I'autre (sommeil, hormones, circadien)

e H
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F10. 2. Mean (+ 1 5D) 24 h =5 rel=ase in nine young [(mean age 26 <
4 yr) and 10 old (68 & ¥1) men sampled at 20 min intervals

demonstrating the normal divrnal pactern of GH secretion and the

reduced nocturnal peak amplitoge in the older men [117).
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CIRCADIAN MELATONIN RHYTHMS IN THE ELDERLY

TIME

ELDERLY + INSOMNIACS
& N SLP DISORDERS
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Age-related Decrease in Melatonin Production
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Age-related Decrease in CBT Amplitude ?
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Clock problems

SCN function

Zeitgebers Behaviour /
‘N K S Physiology
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Older persons with sleep problems have less
daytime exposure to light

Young controls

Older controls

Older persons with
sleep problems

10 12 14 16 1B 20 22 24

Time of day

Mishima et al, 2001
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Figure 3 Examples of 14-day activity profiles of two demented eldery subjects. Bins represent the number of minutes
with activity for each indtvidual hour. The upper panel shows a subject with a very well-maintained rest-activity
rivythm. Hote espedally the interdaily stability: the 14 individuals daytime profile much resemble each other. The lower
panel shows a subject with a virbually complete loss of 24-h rythmicity. Daily profiles do not resemble each other
(interdaity Stability parameter = 0.10) and the "spiky" altemtion of howrs of much activity and little activity represent
a strong fragmentation, ako known as inbradaily varability. OF note, the degres of such fragmentaton of the activity
pattern shows moderate comelations {r = 0.25-0 35) with several pammeters of functional, emotional and social well-
being (from Carvalho-Bos et al.® with permission).
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Annals of Internal Medicine

REvVIiEW

Systematic Review: The Safety and Efficacy of Growth Hormone in the

Healthy Elderly

Hau Liu, MD, MBA, MPH; Dena M. Bravata. MD, MAS; Ingram Olkin, PhDr Smita Nayak, MD: Brian Roberts, MD; Alan M. Carber, MD, PhD:

and Andrew R, Hoffman, MDD

Background: Human growth hormone (GHI |5 widely used as an
antlaging therapy, although fts use for this purpose has not been
dpproved by the L5, Food and Drug Adminlstratlon and Its distr-
bution as an antlagng agent 1s legal In the United States.

Furpose: To evaluate the safety and efficacy of GH therapy In the
healthy eldedy.

Diata Sources: The authors searched MEDLIME and EMBASE data-
bases for English-language studles published through 219 November
2005 by using such terms as growth hormone and aging.

Study Selection: The authors Included randomized, comtrolled trals
that cc:npamd GH therapy with no GH therapy or GH and Ifestyle
Imterventions (exerclse with or without diet) with Ifestyle Interven-
tons alone. Induded trials provided GH far 2 weeks or more to
community-dwdling paricipants with a mean age of 50 years or
more and a body mass Index of 35 kgfm? or less. The authors
excluded studles that evaluated GH as treatment for a spectfic
liness

Data Ewfraction: Two authors iIndependently reviewed articles and
abstracted data.

Data Synthesls: 31 afices describing 18 unique study populations
met the Incluslon criterda. A total of 220 partidpants who recelved
GH (107 pemon-years) completed thelr respective studies. Study
partilparts were edery (mean age, 69 years [50) 6]) and over-

SR\ o)V0=Y| weleht (mean body mas Index, 28 kg/m* [SD, 2]). Inftal dally GH

dose (mean, 14 pg per kg of body welght [0, 7] and treatment
duration (mean, 27 weeks [SD, 16]) vared. In particlpants treated
with GH compared with those not treated with GH, overall fat
mass decreased (change In fat mass, —2.1 kg B5% CI, —2.8 to
—1325] and overall lean body mass Increased (change In lean body
rmass, 2.1 kg [CI, 1.3 to 2,90 (F <= 0.001), and thelr welght did not
change slgnificantty (change In welght, 0.1 kg [CI, —0.7 to 0.8];
F = 0.87). Total cholestersl level decreased (change In cholesteral,
=029 mmolfL [-11.271 mgddl]; P= 0.00&), although not slgnif-
lcantly after adjustment for body compostion changes. Other out-
comes, Including bone denslty and other serum Ipid levels, did not
change. Persons treated with GH were slgniflcantty more lkely to
experence soft Hssue edema, arthralglas, carpal tunnel syndmome,
and gynecomasta and were somewhat more llkely to expenence
the onset of dlabetes mellitus and Impalred fasting gluocse.

Limttations: Some Important outcomes were Infrequently or het-
erogencously measurad and could not be syntheskzed. Most In-
cluded studles had small sample sizes.

Conclusions: The literature published on randomized, controlied
trals evaluating GH thempy In the heatthy eldedy |s limited but
suggests that It Is assodated with small changes In body composl-
fon and Increased rates of adverss events. On the basls of this

evidence, GH cannot be ecommended as an antlaging therapy.

Amn nterm Med, 20071 46:104-115,
For author affiliaiors, see end of text
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Spiegel et
coll., 2005
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AFTER 2 DAYS OF 10 HOURS IN BED AFTER 2 DAYS OF 4 HOURS IN BED
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F

Table 1 |r|'i'| act of '-"-L-:ll" restriction on ||-:|'| in and ghrelin level

Laborascry Seody Epideminbogical $ody
Spiepe] o 2l (T7) Toheri =x ol (T9
Wiihia-sehjecl compurisen A cross- mabecl comparison
2 days ol 4-h bediEmes v 2 days of Lsusl sleep time of 5 h v B &

[Gih Exsdiimes
n=11 a=1 {124

mger 31=1 ur mme 53=Hoyr
(¥ men 5% men
Change in leptin {satiety hormoni) | 5™ - 1 6%
Change in ghrelin (appetile hormaone ) + IR " +15%

'.§b—iegel et coll., 2005
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SLEEP LOSS, INSULIN RESISTANCE, AND TYPE 2 DIABETES

Chronic sleep
deprivation

Appetite normal glucose levels
} glucose levels dysregulation and g
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may result to
' and Type 2 di
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glucose tolerance nsulin
resistance

Spiegel et coll., 2005
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