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Éditorial 
Travailler moins pour dormir plus ! 

D epuis la rentrée de septembre 2008, la plupart des écoles maternelles et 
primaires ont adopté la semaine de 4 jours. Ce schéma résultait d’une 
décision ministérielle, qui laissait cependant une certaine latitude dans 
son application, et avait été critiqué par différentes instances, dont cer-

tains membres de la Société Francophone de Chronobiologie, société ringardisée à 
l’époque par les pouvoirs publics. 

Ce mois de février 2010, la Chronobiologie revient en force sur le devant de la scè-
ne  à propos de ces rythmes scolaires, sous la forme d’un rapport de l’Académie de 
Médecine « Aménagement du temps scolaire et santé de l’enfant », rédigé par 
Yvan Touitou (past président de la SFC) et Pierre Bégué professeur de Pédiatrie. 
Ce rapport souligne: 

• la désynchronisation des enfants, entraînant fatigue et difficultés d’apprentis-
sage, 

• le caractère néfaste de la semaine de 4 jours sur les performances et la vigi-
lance des enfants, en particulier pendant les 2 premiers jours de la semaine, 

• l’importance de respecter le besoin de sommeil. 

Des solutions sont proposées, en particulier celles d’allonger le temps scolaire à 4 
jours et demi ou 5 jours, d’augmenter le nombre de jours annuels travaillés mais de 
diminuer le temps de travail quotidien. Le rapport mentionne que ces propositions 
doivent s’accompagner d’un aménagement « des temps de vie » des enfants. Ce 
rapport rejoint l’analyse du groupe d’Odile Rohmer (CEPA-CNRS Strasbourg) de 
2005, qui insistait sur l’importance d’un rythme de vie régulier chez l’enfant. A la 
suite de ce rapport, l’Académie Nationale de Médecine a émis à l’intention des pou-
voirs publiques et des parents des recommandations qui, en mettant l’enfant au 
centre de la réflexion, insistent sur les liens entre temps scolaire et santé de l’en-
fant. 

Les différentes parties prenantes sont désormais  au pied du mur, enseignants, 
parents, responsables des mouvements associatifs, pouvoirs publics et… scientifi-
ques, qui auront donc à refondre l’agenda scolaire dans l’intérêt prédominent des 
élèves, en envisageant les structures pour accueillir les enfants pendant leur temps 
libre. 

Au-delà de ce problème des rythmes scolaires, purement franco-français, le problè-

(Suite page 2) 

http://www.sf-chronobiologie.org 
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Vos coordonnées accessibles sur le site de la SFC 

me du sommeil des jeunes générations apparaît particulièrement d’actualité dans le monde Occidental. Ainsi 
le Journal of Adolescent Health consacre le numéro entier de Février aux habitudes de vie des adolescents et 
leurs conséquences néfastes sur le sommeil. Environ 70% des élèves du secondaire ne dorment pas suffi-
samment pendant la semaine. Les étudiants d’aujourd’hui auraient perdu 1 heure et quinze minutes de som-
meil en quelques années. Les adolescents et les adultes émergents constituent une population à haut risque 
de somnolence diurne. Le stress apparaît être un facteur prédictif de troubles du sommeil, tandis que l’exerci-
ce physique est un facteur de prévention majeur des effets du stress sur le sommeil.  

En écho à une étude présentée lors des rencontres annuelles de l'American Association for the Advancement 
of Science, le magazine Science publie un article intitulé « Lack of sleep is contagious ». Les habitudes de 
jeunes gens en termes de sommeil et de consommation de substances stupéfiantes y sont appréhendées. 
L'originalité de l’étude réside dans le fait qu’elle montre que ces habitudes sont perçues à travers le prisme 
d'une dynamique relationnelle, et notamment l’implication des individus dans des réseaux sociaux sur le web. 
Un individu a d’autant plus de chance de présenter un temps de sommeil court (de moins de 7h) qu’il est un 
élément central du réseau. Cartographiés, ces réseaux d'échange et d'influence permettent d’avancer l'hypo-
thèse de l’origine du manque de sommeil par "contagion", sur un modèle de mimesis. 

Cette avalanche de littérature dénote l’inquiétude de part le monde des différents partenaires impliqués dans 
la prévention et le traitement des troubles du sommeil. La pandémie attendue n’était donc pas celle que l’on 
croyait. A terme, associée au problème de l’obésité, elle ne pourra qu’alimenter l’épidémie qui touche déjà les 
adultes et les seniors, à savoir l’insomnie chronique. 

 Bruno Claustrat 
Président 

In Memoriam Maurice Fontaine 1904 – 2009 

Maurice Fontaine était fils d’instituteurs de cam-

pagne ; son père était mort au combat pendant la 

guerre de 1914 ; ces circonstances l’avaient for-

tement marqué dans son respect des valeurs hu-

maines. 

Il s’était fait connaître comme spécialiste des 

migrations des poissons qui partagent leur existence entre 

océan et cours d’eau, milieux salés et d’eau douce ; il avait 

montré un changement dans les mécanismes d’osmorégulation 

qui précèdent le passage de l’un à l’autre de ces milieux, com-

portements d’anticipation essentiels en chronobiologie. 

On connaît le volume Physiologie qu’il a dirigé (1969) dans 

l’Encyclopédie de la Pléiade. D’un ton tout différent ses Ren-

contres insolites d’un biologiste autour du monde (1991-2001). 

Lorsque nous lui avons demandé s’il accepterait de faire partie 

du Conseil de notre société, et d’en être le président, il était 

surchargé d’obligations, entre la direction de l’Institut Océano-

graphique et celle du Muséum (incluant le zoo de Vincennes), 

impliquant, c’était en 1968, les discussions avec nombre de 

syndicats. Il a accepté sans hésitation. 

Il a été le premier président du Groupe d’étude des rythmes 

biologiques ; il a hébergé au Muséum nos toutes premières 

assemblées générales. Il présidait notre Conseil avec une affa-

bilité qui l’a imprégné de sérénité scientifique en un temps où 

il nous fallait prendre de bonnes habitudes. Notre Société lui 

doit beaucoup. 

Lucien Baillaud 
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Le site de la Société Francophone de Chronobiologie est consultable à l’adresse  

http://www.sf-chronobiologie.org  

T out comme l’ancien site, il comporte une présentation de la société et de ses activités ainsi 
qu’un annuaire de ses membres. Chaque membre recevra un courrier avec un nom de login et 
un mot de passe personnel qui lui donnera un accès personnel pour notamment modifier sa fi-

che. Le site constitue aussi une riche source d’informations sur la recherche et l’enseignement qui por-
tent sur la chronobiologie, ainsi que sur l’actualité de cette discipline. Je vous laisse explorer le site de 
manière plus approfondie et compte sur vous tous pour l’alimenter régulièrement et le faire vi-
vre longtemps ! 

Sophie LUMINEAU 

Visitez régulièrement le site Web de la SFC 

Comment actualiser ses coordonnées sur le site. 
Si vous connaissez votre identifiant et votre mot de passe, aller dans Espace membres et entrer l’i-
dentifiant et votre mot de passe, puis suivre les instructions. 

Si vous n’avez pas encore votre identifiant et votre mot de passe, vérifier d’abord que vous êtes bien 
enregistré dans l’annuaire Annuaire des membres et cliquer sur la lettre initiale du nom. Noter le 
mail sous lequel vous êtes enregistré. 

Aller dans Espace membres et cliquer sur Login/Mot de passe oublié? ; on vous demande alors le 
mail sous lequel vous êtes enregistré, et vous recevrez alors votre identifiant et votre mot de passe. 
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Chers amis, 
Comme cela a été voté lors de la dernière As-
semblée Générale de la SFC qui s’est tenue à 
Strasbourg en août dernier, des évolutions ont 
été apportées à la publication de RYTHMES. 
Du fait de l’utilisation de plus en plus massive 
des moyens de communication informatiques, 
une grande majorité d’entre vous a opté pour la 
version électronique du journal. C’est un format 
que je vous recommande fortement car il est 
plus économique et plus écologique. En parallè-
le, une version papier est maintenue afin de sa-

tisfaire tous les lecteurs de RYTHMES. Des 
changements vont cependant être apportés afin 
de faciliter le tirage et l’envoi du journal, dans le 
but de continuer à respecter la fréquence de 
publication que nous nous sommes fixée. C’est 
pourquoi je vous rappelle qu’à partir de ce nu-
méro, les versions papier de RYTHMES seront 
reliées par agrafage et que la cotisation annuel-
le à la SFC incluant l’inscription automatique à 
l’EBRS et l’envoi de la version papier de RYTH-

MES est maintenant fixée à 35 €. La cotisation 
annuelle incluant l’envoi de RYTHMES en ver-
sion électronique reste à 25 €. 

Message de l’Editrice de RYTHMES 
Fabienne AUJARD 
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N otre physiologie et notre comportement 
sont deux composantes dépendant  de 
nos rythmes biologiques, affectés, entre 
autre, par l’alternance jour/nuit. Le bon 

fonctionnement de ce rythme veille/sommeil est lié 
au parfait ajustement de nos préférences diurnales 
ainsi qu’à la qualité du sommeil.  

Chez l’homme, ces facteurs sont si variables d’un 
individu à l’autre qu’il est difficile de distinguer les 
besoins biologiques des contraintes sociales. Sou-
mises à un contrôle endogène qui demeure partielle-
ment inexpliqué, les différences interindividuelles 
sont associées à l’alternance jour/nuit ainsi qu’à nos 
contraintes sociales. Ce cycle temporel veille/
sommeil dépend de deux processus oscillants endo-
gènes: l’oscillateur circadien qui est virtuellement 
indépendant de notre comportement, et l’homéosta-
sie du sommeil (Borbély 1982) qui est principale-
ment sous le contrôle de notre comportement. 

Il a été clairement établi que nos besoins en som-
meil ou éveil résultent de l’interaction de ces deux 
processus oscillatoires. Le processus homéostati-
que, aussi appelé processus S (pour sommeil), dé-
pend directement d’une part de la quantité d'heures 
d'éveil et d’autre part, de la quantité d'heures de 
sommeil qui précède (Borbély 1982). Ce processus 
est ainsi l'expression de la tendance ou du besoin 
de sommeil. En conséquence, il augmente au fur et 
à mesure de l’accumulation d'éveil et diminue avec 
le cumul d’heures de sommeil. Le deuxième proces-
sus, nommé Processus C (pour 
circadien), dépend quant à lui de 
l'horloge biologique interne et évo-
lue selon un rythme d’environ 24 h 
(Daan, Beersma et al. 1984). Il 
représente l'expression ou le be-
soin circadien de sommeil, et est 
donc totalement indépendant de 
la quantité de sommeil ou d'éveil. 
L'évolution du Processus C se 
caractérise par une diminution 
progressive du besoin circadien 
de sommeil, lequel atteint un mini-
mum vers 16 h. Durant la nuit, la 
tendance circadienne du sommeil 
augmente de façon progressive 
pour atteindre un maximum vers 4 
h du matin. L'interaction entre les 
processus C et S détermine la 
tendance effective au sommeil d'une personne. Plus 
précisément, la diminution de la propension circa-

dienne au sommeil (Processus C) durant la journée, 
vient contrecarrer l'augmentation graduelle de la 
propension homéostatique du sommeil (Processus 
S) accumulée durant la journée, ce qui nous permet 
de rester éveillé durant 16 heures consécutives. De 
la même manière, l'augmentation de la propension 
circadienne au sommeil (Processus C) durant la nuit 
vient contrecarrer la diminution de la propension du 
Processus S qui survient au fur et à mesure que l'on 
accumule des heures de sommeil. Ceci nous permet 
de bénéficier de huit heures de sommeil consolidé. 
Ce modèle proposé au début des années 80 a subi 
de nombreuses révisions, mais le principe de base 
demeure bien établi (Achermann and Borbély 2003; 
Achermann 2004). Il a été clairement montré que le 
contrôle central des rythmes circadiens permettant à 
l’homme de se synchroniser avec son environne-
ment,  se situe au niveau du noyau suprachiasmati-
que (SCN) (Moore 1983). Ainsi, comme illustré dans 
la figure-1, il est montré que des facteurs tels que 
notamment la lumière ou l’activité sociale, affectent 
notre cycle veille-sommeil (Dijk and Lockley 2002). 
D’importantes variations interindividuelles sont ob-
servées au niveau de la préférence diurnale, de la 
durée de sommeil, de l’activité électrœncéphalogra-
phique, et de la sensibilité face au manque de som-
meil. Ceci a conduit à mettre en évidence des pré-
dispositions génétiques contrôlant et modifiant tant 
notre horloge interne que la structure de notre cycle 
veille-sommeil.  

(Suite page 6) 

Différence inter-individuelle face à la privation de 
sommeil : PER3 un candidat potentiel 

Antoine U. Viola 
Centre for Chronobiology, Psychiatric Hospital of the University of Basel, 

Switzerland 

Circadian Homeostat

Sleep-Wake Cycle

Light-Dark 
Cycle

Biological time Sleep-wake history

Social time

Clock Genes:
CLOCK, BMAL1, 

CRY1, CRY2, 

PER1, PER2, PER3 

Performance

Figure 1 : Modèle caractérisant la boucle d’autorégulation du rythme veille- 
sommeil.  Modifié selon Dijk and Lockley 2002.  
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Bien que le premier article 
consacré à la génétique du 
sommeil publié par Jean-Louis 
Valatx dans Nature date des 
années 70, la compréhension 
des mécanismes génétiques et 
leurs implications avec les mo-
difications physiologiques n’en 
sont qu’à leurs débuts. 

L’approche moléculaire des 
rythmes circadiens a permis de 
caractériser les mécanismes 
sous-jacents permettant ces 
adaptations. Il existe ainsi des 
gènes spécifiques de l’horloge, 
codant pour des protéines, ca-
pables d’exercer un rétro-
contrôle sur la transcription de 
leur propre gène (Schibler 
2005). Cette boucle d’autoré-
gulation associée à des modifi-
cations post-translationnelles 
est à la base de la rythmicité, 
sa durée détermine, quant à 
elle, la période du rythme. 
CLOCK et BMAL1, deux protéi-
nes de l’horloge appartiennent 
à la famille des protéines b-
HLH (hélice boucle hélice de 
type basique) à domaine PAS 
(motif de dimérisation). Des 
complexes activateurs spécifi-
ques associant une protéine 
CLOCK ou NPAS2 à une pro-
téine BMAL1 ou BMAL2, qui 
sous forme hétérodimérique, 
se lient à des séquences régu-
latrices de type E-Box présen-
tes dans la région promotrice 
de gènes spécifiques de l’hor-
loge PER et CRY mais aussi 
au niveau du promoteur d’autre 
gènes cibles. Les complexes 
inhibiteurs de type PER:PER 
ou PER:CRY peuvent rétroagir 
sur leur propre transcription en 
empêchant les complexes acti-
vateurs d’agir. 

Les rythmes ainsi générés et 
contrôlés par le SCN résultent de cette boucle inhibi-
trice impliquant ces gènes dit de l’horloge et leurs 
protéines respectives (Schibler and Naef 2005).  

L’un des gènes de l’horloge, le gène Period 3 
(PER3) semble au niveau moléculaire fortement im-
pliqué dans cette boucle d’autorégulation. Une étude 
avec trois volontaires sains a caractérisé pour la pre-
mière fois un rythme circadien de l’expression de 
l’ARNm du gène PER3 (Boivin, James et al. 2003). 

Nous avons confirmé ce résultat sur 24 sujets  in-
cluant une modélisation mathématique caractérisant 
un rythme circadien (Archer, Viola et al. 2008). L’ex-
pression des gènes PER2 et PER3 impliqués dans 
la boucle d’autorégulation négative ainsi que celle 
du gène BMAL1, connu pour présenter une expres-
sion en opposition de phase avec les deux autres, 

(Suite de la page 5) 

(Suite page 7) 

FIGURE 2 : Oscillations individuelles et moyennes des marqueurs circadiens. Droi-
te: Normalisation modélisée (z-score) des variations individuelles de PER2, 
BMAL1, PER3, mélatonine et du cortisol. Gauche: Moyenne des marqueurs (± 
SD). Moyenne (± SD) de l’heure d’endormissement et d’éveil illustré par les barres 
noires au niveau de la courbe de mélatonine (Archer, Viola et al. 2008). 
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ont ainsi été décrites (Archer, Viola et 
al. 2008). Comparé à PER2 et BMAL1, 
PER3 présente une expression circa-
dienne notable, une amplitude signifi-
cativement plus importante et une fai-
ble variabilité de sa phase d’expres-
sion. De plus, l’expression de l’ARNm 
du gène PER3 est fortement associée 
avec les rythmes circadiens de la méla-
tonine et du cortisol. Ceci nous a per-
mis de caractériser l’expression de 
PER3 comme un nouveau marqueur 
du rythme circadien chez l’homme 
(Figure 2) (Archer, Viola et al. 2008).  

Cette étude a ainsi montré que la pha-
se circadienne de l’expression des gè-
nes de l’horloge, évaluée en absence 
de l’influence de cycle jour-nuit ainsi 
que de rythme veille-sommeil, est cor-
rélée aux heures de sommeil. Pour la 
première fois, une étude sur un groupe 
de 24 jeunes hommes et femmes sains 
avec une cinétique de 40 h incluant 
des prélèvements sanguin toutes les 
heures dans des conditions dites de 
« routine constante » a permis de dé-
montrer l’association du temps habituel 
d’endormissement avec l’expression 
des gènes de l’horloge. L’expression 
circadienne de PER3 a également 
montré une corrélation avec les mar-
queurs circadiens habituels tels que la 
mélatonine, le cortisol et le rythme veil-
le-sommeil. Par contre l’expression de 
PER2 et BMAL1 ne présente aucune 
corrélation significative avec les mar-
queurs circadiens.  

De plus, PER3 présente un nombre 
variable de séquences répétées  carac-
térisées par des sites de phosphoryla-
tion et déterminant ainsi un polymor-
phisme (Ebisawa, Uchiyama et al. 
2001). Ces séquences sont formées de 
18 acides aminés pouvant être répé-
tées 4 fois (PER3-4) ou bien 5 fois 
(PER3-5). Trois types de populations 
peuvent ainsi être caractérisés : les 
homozygotes PER3-4/4, les homozy-
gotes PER3-5/5 et les hétérozygotes PER3-4/5. Le 
polymorphisme PER3-5/5, le moins représenté dans 
la population (11% des caucasiens), a été associé 
avec la préférence diurnale dite du matin (se couche 
tôt et se lève tôt). A l’opposé, le polymorphisme 
PER3-4/4 (42% des caucasiens) a été associé avec 
le syndrome de retard de phase. Cette association 
pourrait être expliquée par les différences de phos-
phorylation de la protéine PER3 (Archer, Robilliard 
et al. 2003). Ainsi, une expression différente au ni-

veau hypothalamique et dans d’autres régions céré-
brales serait impliquée dans la régulation du som-
meil (Takumi, Taguchi et al. 1998; Uschakov, Gong 
et al. 2006) et caractériserait cette protéine comme 
un potentiel candidat dans la régulation des rythmes 
circadiens et de l’homéostasie du sommeil. 

Afin de déterminer l’implication de PER3, l’étude 
réalisée par Viola et al. (Viola, Archer et al. 2007) a 

(Suite de la page 6) 

(Suite page 8) 

FIGURE 3 : Les rythmes circadiens ne se différencient pas entre les Ho-
mozygotes PER3-5/5 et PER3-4/4 (Viola, Archer et al. 2007).  

(A) Activité au cours de la « routine constante ». Evolution temporelle, 
(B) du niveau  d’ARNm PER3, (C) de la concentration de cortisol plas-
matique, et (D) de la concentration de la mélatonine plasmatique. Ces 
données illustrent les moyennes (± SE) de 10 sujets PER3-5/5 
(symboles ouverts) et 14 sujets PER3-4/4 (symboles fermés). 
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pour particularité d’avoir sélectionné des volon-
taires sains uniquement sur la base de leur poly-
morphisme sans aucune connaissance de leur 
préférence diurnale et de la durée de leur som-
meil. L’étude implique deux groupes appariés de 
10 participants ayant le polymorphisme PER3-
5/5 (4 femmes; age ± SE 25.2 ± 1.1 ans) et 14 
participants avec le polymorphisme PER3-4/4 (6 
femmes; 24.8 ± 1.0 ans). Des analyses médica-
les approfondies ainsi qu’une évaluation de leur 
sommeil (agenda de sommeil et actigraphie pen-
dant environ 3 semaines précédant l’étude en 
laboratoire) permettent de montrer la régularité 
de leur sommeil. Ces mesures ne montrent au-
cune différence significative concernant la préfé-
rence diurnale,  ainsi que l’heure de coucher 
(PER3-5/5 01:03 ± 0:32 h; PER3-4/4 01:03 ± 
0:21 h; P>0.05), de réveil (PER3-5/5  07:57 ± 
0:28 h; PER3-4/4 08:41 ± 0:21 h; P>0.05) ou la 
durée de sommeil (PER3-5/5  06:51 ± 0:14 h; 
PER3-4/4 07:19 ± 0:12 h; P>0.05). L’étude en 
laboratoire se compose d’une nuit contrôle sui-
vie d’une « routine constante » d’environ 40 heu-
res et d’une période de sommeil de récupéra-
tion. La « routine constante » (Duffy and Dijk 
2002) permet de mesurer les variations circa-
diennes endogènes, en maintenant les sujets 
éveillés en position semi-allongée et en lumière 
contrôlée (<5 lux). L’analyse des marqueurs cir-
cadiens (i.e. mélatonine, cortisol, ARNm PER3) 
montre de fortes variations circadiennes. Toute-
fois, aucune différence significative tant pour 
l’amplitude que pour la phase n’est observée 
entre les 2 populations de polymorphismes  

Malgré une forte similitude des variations circa-
diennes entre les deux polymorphismes homo-
zygotes de PER3, on observe d’importantes dif-
férences au niveau de l’homéostasie du som-
meil, de l’électroencéphalogramme de veille et 
de sommeil et des performances ainsi qu’un dé-
séquilibre de la balance sympatho-vagale. 

L’analyse de la structure du sommeil montre une 
modification notable entre les deux polymorphis-
mes (Viola, Archer et al. 2007). Aucune différen-
ce significative n’a cependant été observée sur 
sa durée totale ainsi que sur les durées de som-
meil paradoxal et des stades 1 et 2. Cependant, 
les sujets PER3-5/5 montrent un endormisse-
ment nettement plus rapide que les sujets PER3-4/4 
(PER3-5/5 8.6±1.3 min; PER3-4/4 18.1±2.6 min; 
P<0.005). De plus, les PER3-5/5 passent beaucoup 
plus de temps en sommeil à ondes lentes (SOL) 
(PER3-5/5 22.7±1.6%; PER3-4/4 15.7±1.6% du 
temps de sommeil; P=0.006). L’analyse spectrale de 
l’électrœncéphalogramme au cours des stades du 
sommeil et de l’éveil, montre que le polymorphisme 
PER3 n’affecte pas l’EEG de manière globale, mais 
modifie les diverses bandes de fréquence relatives 

aux divers états de vigilance. 

Au cours du sommeil non paradoxal (non-SP) la dif-
férence se caractérise uniquement dans la bande de 
fréquence  des ondes delta, alors qu’au cours du 
sommeil paradoxal (SP) et au cours de l’éveil, la dif-
férence s’exprime dans la bande fréquence des on-
des alpha et théta. 

(Suite de la page 7) 

(Suite page 9) 

FIGURE 4 : Diminution des performances à l’éveil et augmenta-
tion  de l’activité thêta et du nombre de mouvements oculaires 
lents au cours de la privation  de manière plus importante chez 
PER3-5/5 que chez les PER3-4/4. Evolution temporelle de (A) 
l’activité EEG thêta (5–8 Hz) au cours de l’éveil, (B) mouve-
ments oculaires lents (MOL) (pourcentage du nombre de pério-
de de 30 s contenant au moins 1 MOL), et (C) performance 
cognitive (composante résultante de 12 tests) ajustée au ryth-
me de la mélatonine plasmatique. 10 sujets PER3-5/5 
(symboles ouverts) et 14 sujets PER3-4/4 (symboles fermés). (* 
p < 0.05) (Viola, Archer et al. 2007). 
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Enfin, l’EEG révèle des variations topographiques. 
Les variations de l’activité delta au cours du SOL se 
présentent particulièrement dans la zone frontale 
alors que les ondes alpha et thêta sont nettement 
plus importantes dans la zone centrale, voire parié-
tale du scalp au cours du sommeil paradoxal et de 
l’éveil. 

Ceci montre donc clairement qu’une augmentation 
des ondes lentes en sommeil non-SP ainsi que des 
ondes alpha/thêta en SP et en phase d’éveil sont 
caractéristiques d’une forte pression de sommeil et 
de somnolence. Ces modifications de l’EEG mon-
trent que le polymorphisme PER3 affecte l’homéos-
tasie du sommeil dans ses trois états de vigilance. 

La privation de sommeil a permis de montrer que 
des différences persistent au cours du SOL et du SP 
de la nuit dite de récupération en fonction de la pré-
disposition génétique. Au cours de la nuit de récupé-
ration qui fait suite aux 40 heures d’éveil, l’activité 
des ondes lentes au cours du non-SP de début de 
nuit, ainsi que l’activité alpha au cours du SP de-
meurent élevées chez les sujets homozygotes 
PER3-5/5. 

La privation de sommeil en condition dite de 
« routine constante » nous a ainsi permis de mettre 
en évidence une augmentation notable de l’EEG 
d’éveil spécifiquement dans la bande de fréquence 
thêta/alpha chez les sujets ayant le polymorphisme 
PER3-5/5. De plus, le nombre de mouvements ocu-
laires lents (MOL), marqueurs de l’inattention, au 
cours de l’éveil est également plus important chez 
les PER3-5/5. On note ainsi une différence majeure 
suite à la privation de sommeil lors du matin du 
deuxième jour de privation. Face à une privation de 
sommeil, les différences observées entre ces deux 
polymorphismes, grâce aux marqueurs de somno-
lence et d’inattention, laissent supposer une vulné-
rabilité différente entre les individus. 

Afin d’évaluer les variations cognitives affectées par 
le manque de sommeil, des tests de performances 
ont été réalisés au cours des 40 heures d’éveil 
(Viola, Archer et al. 2007; Groeger, Viola et al. 
2008).  

Durant la première partie des 40 heures, quand la 
privation de sommeil n’est pas encore avérée, les 
deux polymorphismes réagissent de manière similai-
re à la batterie de tests. Les différences se creusent 
avec l’extension de la période d’éveil au cours de la 
nuit. Les performances des PER3-5/5 sont nette-
ment plus dégradées après le pic de mélatonine. 
Une analyse plus détaillée des performances mon-
tre que l’effet du polymorphisme PER3 combiné à la 
privation de sommeil affecte de manière prononcée 
les performances sollicitant particulièrement les 
fonctions exécutives. La baisse de performance est 
ainsi accentuée en fonction de la difficulté du test. 
En début de nuit, les performances cognitives ne 

présentent pas de différence entre les deux poly-
morphismes. C’est avec la pression du sommeil que 
l’on observe une détérioration significativement plus 
importante chez les PER3-5/5 entre 2 et 4 h après le 
pic de mélatonine (soit entre 06 :00 et 08 :00 h du 
matin).  

Notons au passage que c’est également à ce même 
moment des 24 h que le nombre d’accidents dus au 
manque de sommeil est le plus important 
(Rajaratnam and Arendt 2001).  Ces variations co-
gnitives existent autant sur les fonctions exécutives 
que non exécutives. Elles  apparaissent sous l’in-
fluence de la pression homéostatique du sommeil 
qui semble être modifiée selon le polymorphisme 
PER3.  

La pression homéostatique affecte non seulement 
notre sommeil mais également notre vigilance et 
nos performances. Cependant, même si une asso-
ciation a été décrite entre le SOL et notre activité 
cardiaque évaluée par la variabilité cardiaque, aucu-
ne étude n’a encore décrit comment la pression ho-
méostatique, particulièrement accentuée par une 
privation de sommeil, affecte le système nerveux 
autonome au cours de la nuit de récupération. Du 
fait des différences interindividuelles face à la pres-
sion homéostatique du sommeil, le polymorphisme 
PER3 semble être un bon modèle d’évaluation de 

(Suite de la page 8) 

(Suite page 10) 

FIGURE 5 : Performance évaluée par le test du “Verbal 
N-Back”. Moyenne du nombre de réponses correctes (± 
SE) ajustée en fonction du rythme de mélatonine plas-
matique.* P < 0.05 (Groeger, Viola et al. 2008).  
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l’interaction entre l’activité sympatho-vagale et le 
sommeil (Viola, James et al. 2008). 

L’analyse de la variabilité cardiaque et de ses indi-
ces dans l’évaluation de la balance sympatho-vagale 
montre que les homozygotes PER3-5/5 présentent 
une variabilité cardiaque amoindrie par rapport aux 
homozygotes PER3-4/4. L’analyse spectrale et tem-
porelle du signal cardiaque montre une prédominan-
ce de l’activité sympathique sur la balance sympatho
-vagale. Cette prédominance sympathique se révèle 
au cours de l’éveil et du sommeil avec une différen-
ce plus prononcée au cours du non-SP. La réduction 
de la variabilité cardiaque et l’augmentation de la 
prédominance sympathique sur le système nerveux 
autonome sont fortement associées aux accidents 
cardio-vasculaires (Malliani, Lombardi et al. 1994; 
Kamen and Tonkin 1995). Cette association permet 
de caractériser le polymorphisme PER3 comme un 
marqueur génétique de la vulnérabilité cardiaque 
associée au manque 
de sommeil. 

Le sommeil et l’alter-
nance de ses stades 
affectent de manière 
considérable la fré-
quence cardiaque et 
la variabilité cardia-
que (Baharav, Kota-
gal et al. 1995; Ot-
zenberger, Gronfier 
et al. 1998). Il est 
clairement établi 
qu’au cours du SOL 
l’activité parasympa-
thique est à son 
maximum avant de 
laisser place à l’acti-
vité sympathique et 
ce, particulièrement 
au cours du SP. Il a 
ainsi été montré 
qu’au cours de la 
nuit l’activité para-
sympathique est as-
sociée à des ondes lentes delta (Viola, James et al. 
2008). Cependant, l’étude de  cette association en 
comparant les polymorphismes PER3-5/5 et PER3-
4/4 montre une dissociation entre l’activité du systè-
me nerveux autonome et les ondes delta. L’activité 
delta, au cours du non-SP de début de nuit, des 
PER3-5/5, est particulièrement plus élevée que celle 
des PER3-4/4. Toutefois, au cours du non-SP, les 
participants PER3-5/5 montrent une activité para-
sympathique nettement amoindrie par rapport à celle 
des PER3-4/4. Chez les sujets présentant le poly-
morphysme PER3-5/5, l’analyse de la variabilité car-
diaque au cours de la nuit montre également une 
perte de la rythmicité ultradienne de l’activité sympa-

tho-vagale d’où une dissociation avec les stades de 
sommeil.  Ce nouveau modèle génétique permet de 
mettre en avant une dissociation entre le contrôle du 
sommeil et le système nerveux autonome et suggè-
re que, bien que présentant une rythmicité ultradien-
ne synchrone, les deux systèmes ne sont pas causal 
l’un l’autre.  

L’ensemble de ces données, confirmé par des étu-
des en cours de publication et d’autres en cours d’a-
nalyse, conforte l’idée d’une pression homéostatique 
constante ainsi que d’une vulnérabilité certaine à la 
privation de sommeil chez les personnes présentant 
un polymorphisme PER3-5/5. Ce polymorphisme 
PER3 est associé à divers phénotypes, tels que la 
préférence diurnale et le syndrome d’avance de pha-
se (Archer, Robilliard et al. 2003; Pereira, Tufik et al. 
2005), l’augmentation du risque de cancer du sein 
(Zhu, Brown et al. 2005), les désordres bipolaires 
(Nievergelt, Kripke et al. 2006), la dépendance aux 
drogues (Zou, Liao et al. 2008), la structure du som-
meil (Viola, Archer et al. 2007), le système nerveux 

autonome (Viola, James et al. 2008), les performan-
ces cognitives (Groeger, Viola et al. 2008; Vande-
walle, Archer et al. 2009). Il est certain qu’il faut être 
extrêmement prudent en affirmant l’existence d’un 
lien direct entre l’unique protéine PER3 et ces diver-
ses variations physiologiques. Même si le lien molé-
culaire et ses effets physiologiques reste à établir, 
nous ne pouvons négliger le fait que le nombre va-
riable de séquences répétées caractérisant ce poly-
morphisme PER3 peut être considéré comme un 
marqueur génétique lié à de nombreux autres loci 
responsables de ces phénotypes. Cependant, le 
polymorphisme PER3 n’est pas un polymorphisme 

(Suite de la page 9) 

(Suite page 11) 

FIGURE 6 : Effet du polymorphisme PER3 sur l’activité à ondes lentes  (SWA)  de l’EEG et sur 
la balance sympatho-vagale [LF/(LF + HF) ratio] au cours des 4 premiers cycles de sommeil 
de la nuit contrôle et des 6 premiers cycles de la nuit de récupération faisant suite à environ 40 
h de privation de sommeil. Moyennes (± SE) de 9 sujets PER3-5/5 (symboles fermés) et 13 
sujets  PER3-4/4 (symboles ouverts) (Viola, James et al. 2008). 
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variant à partir d’un unique nucléotide, puisqu’il pré-
sente une variation de quatre ou cinq séquences 
répétées incluant des nucléotides. Ceci crée une 
différence de 18 aminoacides au niveau de la protéi-
ne. Ces séquences répétées contiennent des 
« clusters » de site de phosphorylation connus pour 
modifier la période circadienne (Blau 2008). Il est 
ainsi permis de penser que ces variations de sé-
quences répétées affectent la phosphorylation de 
PER3, et permettent l’expression des différences qui 
en résultent au niveau de la structure tertiaire. Ces 
différences structurales affectent donc l’action de la 
fonction de PER3 qui modifie directement ou indirec-
tement le phénotype observé. Le rôle et les méca-
nismes impliquant les gènes de l’horloge restent en-
core à établir. De nouveaux gènes semblent égale-
ment impliqués dans le contrôle homéostatique du 
sommeil, comme par exemple le gène contrôlant 
l’adénosine désaminase (A2A) (Rétey, Adam et al. 
2005). 

L’ensemble de ces résultats permet d’émettre l’hy-
pothèse que le polymorphisme PER3 jouerait un rôle 
important dans la vulnérabilité face à la pression 
homéostatique et pourrait représenter un marqueur 
important tant au niveau de la recherche qu’au ni-
veau clinique et social. 
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22:00 : table ronde sous les oliviers 
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biologiques 

Modérateur : Xavier Bonnefont 
8:30-9:00 : Garreth Leng 
9:00-9:30 : Jacques Epelbaum 
9:30-10:30 : Communications orales (3 x20 min) 
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Symposium 4 : Système circadien et métabolisme 

Modérateur : Michèle Teboul 
11:00-11:30 : Hélène Duez 
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17:30-18:00 : Conférence plénière 
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Modérateur : Olivier Coste 
9:00-9:30 : Till Ronnenberg (à confirmer) 
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Modérateur : Claude Gronfier 
11:00-11:30 : Damien Léger 
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Modérateur : Elisabeth Filipski 
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Workshop on cancer chronotherapeutics 

Francis Lévi 
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Symposium 9: Hot topics 

Modérateur : Jorge Mendoza  
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12:30-14:00 : Pause déjeuner 

Workshop on cancer chronotherapeutics 

Francis Lévi 
9:00-12:00 : programme to be announced 
12:30-14:00 : Pause déjeuner 
14:00-18:00 : programme to be announced 

Contacts : howard.cooper@inserm.fr  

ou delaunay@unice.fr 

Mercredi 8 septembre 2010 
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Vendredi 10 septembre 2010 
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L es sujets du matin et les sujets du soir 
(chronotype) présentent des caractéristiques 
circadienne et homéostatique du cycle veille/
sommeil bien spécifiques qui expliquent 

leurs horaires préférentiels d’activité et de repos. 
L’estimation du chronotype  par questionnaire va 
permettre au clinicien de mieux appréhender les 
besoins de sommeil du patient, les troubles du som-
meil liés aux chronotypes extrêmes. Elle va éclairer 
les données obtenues sur l’hygiène du cycle veille/
sommeil, l’addiction aux substances éveillantes, ain-
si que sur la co-morbidité ressentie, en particulier 
l’humeur. Il existe de nombreux questionnaires qui 
permettent d’estimer le chronotype des sujets. Ce 
travail va présenter succinctement les caractéristi-
ques des chronotypes et ensuite présenter les ques-
tionnaires de matinalité/vespéralité les plus utilisés 
et leurs limites. 

Caractéristiques de sujets du matin et du 
soir 
Les sujets du matin sont fatigués le soir, se cou-
chent et se lèvent tôt, se réveillent en forme et aler-
tes, et trouvent qu'il est difficile de rester éveillé la 
nuit. Les sujets du soir ont leurs performances au 
maximum le soir, se couchent et se lèvent relative-
ment tard, se réveillent fatigués et trouvent qu'il est 
difficile de rester éveillé le matin. L’estimation du 
chronotype évolue au cours de l’âge : les enfants 
sont généralement du matin, progressivement ils 
deviennent du soir pour atteindre un maximum de 

vespéralité autour de l’âge de 20 ans et ensuite pro-
gressivement, ils redeviennent du matin avec l’âge 
(Roenneberg, Curr Biol, 2004). Dans une population 
d’adultes (17-80 ans), on observe 40 % de sujets du 
matin et 11 % de sujets du soir (Taillard, J Sleep 
Res, 1999). Après correction de l’effet de l’âge sur le 
chronotype, on observe 25% de sujets du matin et 
26 % de sujets du soir dans une population âgée de 
30 à 49 ans (Paine, J Biol Rhythms, 2006) ; et 28 % 
de sujets du matin et 20 % de sujets du soir dans 
une population de 44 à 58 ans (Taillard, J Biol 
Rhythms, 2004). 

Certaines études ont montré que les chronotypes 
extrêmes seraient associés à un ou plusieurs poly-
morphismes au niveau de gènes impliqués dans 
l’horlogerie circadienne (Clock et Per3) (Katzenberg, 
Sleep, 1998, Sack, Sleep, 2007, Archer, Sleep, 
2003, Jones, J Sleep Res, 2007) mais d’autres étu-

des ne l’ont pas confir-
mées (Robilliard, J 
Sleep Res, 2002, Groe-
ger, Sleep, 2008). Cette 
association n’implique 
pas que tous les sujets 
du matin ou du soir sont 
identifiables par leur 
génotype. Toutefois il 
est relativement accep-
table de penser que les 
préférences d’horaires 
du sommeil soient sous 
contrôle génétique. La 
phase circadienne de 
nombreuses variables 
comportementales et 
physiologiques apparaît 
en moyenne 2 heures 
plus tôt chez les sujets 
du matin comparative-
ment aux sujets du soir 
(Baehr, J Sleep Res, 

2000, Duffy, J Investig Med, 1999, Kerkhof, Neuro-
sci Lett, 1996, Taillard, J Sleep Res, 2003). La régu-
lation homéostatique du sommeil serait aussi diffé-
rente en fonction du chronotype. Les sujets du matin 
accumuleraient plus rapidement la pression homéo-
statique pendant l’éveil et la dissiperaient plus rapi-
dement au cours du sommeil que les sujets du soir 
(Taillard, J Sleep Res, 2003, Mongrain, J Sleep Res, 
2006). L’angle de phase (durée entre le minimum 
thermique et l’heure de lever), qui renseigne généra-

(Suite page 14) 
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lement de la relation de phase entre rythme veille/
sommeil et rythme circadien de la température et qui 
s’avère le reflet fidèle de la longueur de la période 
endogène, est différent entre les sujets du matin et 
du soir. Les sujets du matin ayant un angle de phase 
plus grand que les sujets du soir, (Kerkhof, Elec-
troencephalogr Clin Neurophysiol, 1991, Duffy, J 
Investig Med, 1999, Baehr, J Sleep Res, 2000, Liu, 
Neurosci Lett, 2000, Taillard, J Sleep Res, 2003, 
Mongrain, J Biol Rhythms, 2004) ceci démontrerait 
que les sujets du matin et du soir ne se réveillent 
pas au même moment circadien. Cette différence 
d’angle de phase confirmerait aussi que la période 
circadienne serait différente entre les sujets du matin 
et du soir (plus courte chez les sujets du matin) 
(Duffy, Behav Neurosci, 2001). En effet, une person-
ne avec une longue période circadienne, aura non 
seulement une phase circadienne tardive mais sera 
également entraînée avec un angle de phase plus 
court (i.e. sujet du soir). De plus les sujets du soir 
exprimeraient des besoins de sommeil plus grands 
que les sujets du matin (Taillard, J Sleep Res, 1999, 
Taillard, J Biol Rhythms, 2004). 

Les durées de sommeil et les heures de lever et de 
coucher sont beaucoup plus stables chez les sujets 
du matin que chez les sujets du soir (Taillard, J 
Sleep Res, 1999, Ishihara, J Hum Ergol (Tokyo), 
1988). Ainsi, les sujets du matin présenteraient une 
rigidité du sommeil et des habitudes de vie, tandis 
que les sujets du soir présenteraient une flexibilité 
du sommeil et des habitudes de vie (Baehr, J Sleep 
Res, 2000). Cette mauvaise hygiène du sommeil, 
additionnée à des besoins plus grands et des horai-
res préférentiels de sommeil différents de ceux im-
posés par notre société, font que les sujets du soir 
se trouvent en dette de sommeil pendant les jours 
de travail et tentent de compenser cette dette de 
sommeil en allongeant leur durée de sommeil pen-
dant les jours de repos (Taillard, J Sleep Res, 1999, 
Taillard, J Biol Rhythms, 2004, Roenneberg, J Biol 
Rhythms, 2003). Ceci peut expliquer pourquoi les 
sujets du soir ont un plus grand penchant pour la 
consommation de substances éveillantes (Taillard, J 
Sleep Res, 1999, Adan, Addiction, 1994). Les sujets 
du soir auraient aussi une plus grande facilité à s’a-
dapter au travail de nuit ou posté (Hilliker, Sleep, 
1992). 

Concernant les traits psychologiques, il ressort de 
différentes études que les sujets du soir ont tendan-
ce à être des personnes extraverties, impulsives, 
neurotiques et avides de sensations (Caci, Eur Psy-
chiatry, 2004, Tankova, Pers Individ Dif, 1994). Nous 
avons aussi montré que le chronotype est lié à des 
plaintes du sommeil spécifiques, la tendance à être 
du matin serait liée à des difficultés de maintien de 
sommeil et l’impossibilité de se rendormir dans le 
petit matin, et la tendance à être du soir serait liée à 
des difficultés d’endormissement et une somnolence 

matinale (Taillard, J Biol Rhythms, 2001, Carrier, J 
Sleep Res, 1997). Nous avions aussi montré que la 
tendance à être du soir serait aussi liée au trouble 
de l’humeur (Taillard, J Biol Rhythms, 2001). Cette 
association a été confirmée par 2 équipes (Gaspar-
Barba, J Affect Disord, 2009, Hidalgo, Psychiatry 
Clin Neurosci, 2009). 

Estimation du chronotype : Les question-
naires de matinalité/vespéralité 
L’estimation du chronotype se fait à l’aide de ques-
tionnaire. Actuellement, quatre questionnaires sont 
fréquemment utilisés. Chacun présentent des avan-
tages et des inconvénients. Généralement ces ques-
tionnaires se basent sur les heures de lever et de 
coucher des sujets pour déterminer des scores qui 
permettront d’estimer leur chronotype. Ceci pose un 
problème car avec l’âge, on se couche et on se lève 
de plus en plus tôt. Ainsi, dans des populations de 
sujets matures et/ou âgés, ces questionnaires identi-
fient très peu de sujets du soir. 

Pour contrecarrer ce problème nous avons proposé, 
pour un questionnaire, de nouvelles bornes capa-
bles d’estimer le chronotype chez des sujets matu-
res (Taillard, J Biol Rhythms, 2004). Caci et al. 
(Caci, Sleep Med, 2009) suggèrent que la solution la 
mieux adaptée serait de déterminer des scores T du 
score total pour chaque catégorie d’âge dans de 
larges échantillons représentatifs. 

Tous ces questionnaires sont des auto-
questionnaires. Les procédures d’autoévaluation 
impliquent que le sujet évalué comprenne les consi-
gnes qui lui sont données, les questions qui lui sont 
posées. De plus, certains sujets ne sont pas capa-
bles de déterminer leurs horaires préférentiels de 
vie. L’activité professionnelle ou certaines patholo-
gies vont influencer la perception de ces horaires 
préférentiels comme par exemple les troubles de 
l’humeur, les troubles du sommeil… 

Dans tous les cas, ces questionnaires ne sont pas 
adaptés aux personnes qui travaillent suivant des 
horaires inhabituels. 

Questionnaire de Horne et Ostberg (MEQ) 
Le questionnaire de matinalité/vespéralité élaboré 
par Horne et Ostberg (Horne, Int J Chronobiol, 1976) 
est actuellement le plus utilisé pour estimer le chro-
notype chez l’adulte. Généralement ce questionnaire 
est considéré comme le gold standard et c’est celui 
qui est proposé par l’AASM (American Academy of 
Sleep Medicine) pour estimer le chronotype. Il est 
composé de 19 questions portant sur les préféren-
ces de vie (activité, cycle veille-sommeil, repas) et 
l’état de fatigue et de somnolence à certains mo-
ments de la journée. 

Les propriétés psychométriques du questionnaire 
anglo-saxon sont très satisfaisantes (Smith, J Appl 
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Psychol, 1989) mais elles n’ont pas été vérifiées 
pour la version française. Toutefois, nous avons ré-
alisé une validation externe du questionnaire fran-
çais en enregistrant la température corporelle chez 9 
sujets du matin et 9 sujets du soir dans des condi-
tions très contrôlées (constant routine) (Taillard, J 
Sleep Res, 2003). 

Le score total du questionnaire peut varier entre 16 
et 86. Un score inférieur à 42 identifie les sujets du 
soir et un score supérieur à 58 identifie les sujets du 
matin. Les deux chronotypes extrêmes sont identi-
fiés lorsque le score est inférieur à 31 (sujet nette-
ment du soir) et supérieur à 69 (sujet nettement du 
matin). Comme ce questionnaire est très sensible à 
l’âge nous avons proposé une classification adaptée 
aux sujets matures : de 44 à 58 ans, un score infé-
rieur à 53 identifie les sujets du soir et un score su-
périeur à 64 identifie les sujets du matin. Les deux 
chronotypes extrêmes sont identifiés lorsque le sco-
re est inférieur à 47 (sujet nettement du soir) et su-
périeur à 69 (sujet nettement du matin). Aucune vali-
dation externe de ces scores n’a été effectuée. 

La principale critique de ce questionnaire est sa lon-
gueur. 

Questionnaire réduit de Horne et Ost-
berg (rMEQ) 

Ce questionnaire a été développé par Adan (Adan, 
Person Individ Diff, 1991). Il utilise les 5 questions 
les plus pertinentes du questionnaire de Horne et 
Ostberg (questions 1,7, 10, 18 et 19). Les auteurs 
gardent la même cotation que le questionnaire initial. 
Les propriétés psychométriques du questionnaire 
anglo-saxon sont satisfaisantes (Chelminski, Pers 
Individ Dif, 2000), mais elles n’ont pas été vérifiées 
pour la version française. Nous avons effectué une 
validation externe de ce questionnaire chez plus de 
2000 sujets en prenant en compte les heures de 
lever et de coucher pendant les jours de travail et les 
jours de repos. 

Le score total du questionnaire peut varier entre 4 et 
25. Un score inférieur à 12 identifie les sujets du soir 
et un score supérieur à 17 identifie les sujets du ma-
tin. Les deux chronotypes extrêmes sont identifiés 
lorsque le score est inférieur à 8 (sujet nettement du 
soir) et supérieur à 21 (sujet nettement du matin). 
Ce questionnaire est sensible à l’âge (Caci, Sleep 
Med, 2009). Il n’existe à notre connaissance aucune 
correction des bornes en fonction de l’âge pour ce 
questionnaire. 

L’échelle composite de matinalité (Smith 
1989) 

Ce questionnaire a été développé par Carla Smith. Il 
est composé de 13 questions (9 du MEQ et 4 du 
questionnaire de Torsvall et Akerstedt (Torsvall, 
Scand J Work Environ Health, 1980)). 

Ses propriétés psychométriques sont légèrement 
supérieures à celles du MEQ. (Caci, Eur Psychiatry, 
1999, Caci, Eur Psychiatry, 2000) ont démontré que 
les propriétés psychométriques du questionnaire 
français étaient satisfaisantes et ont effectué une 
validation externe en utilisant les heures de lever et 
de coucher pendant les jours de travail et les jours 
de repos. 

Le score total peut varier de 13 à 55. Initialement, il 
n’existe pas de bornes pour déterminer les chronoty-
pes. Les bornes sont calculées en utilisant les 10è-
mes et 90èmes percentiles dans chaque population 
étudiée. Ce questionnaire n’est donc pas utilisable 
dans sa version initiale pour déterminer immédiate-
ment le chronotype  des sujets ou patients. De plus, 
ce questionnaire est sensible aussi à l’âge (Caci, 
Sleep Med, 2009). Pour supprimer ces 2 limites d’u-
tilisations, Caci et al. ont déterminé des scores T du 
score total dans différentes catégories d’âges en 
fonction du sexe (visualisable sur http://pagesperso-
o r a n g e . f r / h e r v e . c a c i / C h r o n o b i o / p a g e 1 0 /
page10.html). Pour chaque catégorie le nombre de 
sujet est faible, surtout pour les classes d’âges su-
périeures à 35 ans (effectif <50), et surtout les sujets 
inclus ne semblent pas provenir d’échantillons vrai-
ment représentatifs (essentiellement des étudiants). 

Le questionnaire de chronotype de Munich dé-
veloppé par Roenneberg et al. (Roenneberg, J 
Biol Rhythms, 2003) 

Ce questionnaire est beaucoup plus facile à utiliser 
que tous les autres questionnaires. Les sujets doi-
vent donner l’heure à laquelle ils se couchent, l’heu-
re à laquelle ils s’endorment, l’heure à laquelle ils se 
réveillent et l’heure à laquelle ils se lèvent pendant 
les jours de travail et les jours de repos. Ils notent 
aussi la perception de leur chronotype sur une 
échelle de 0 (type matinal extrême) à 6 (type tardif 
extrême). 

Ce questionnaire permet de déterminer le chronoty-
pe sur la base de la localisation du milieu du som-
meil (exprimé en hh : mm calculé entre l’endormisse-
ment et le réveil). Le milieu du sommeil calculé pen-
dant les jours de repos permettrait de déterminer le 
chronotype. Actuellement, une formule permet de 
calculer le milieu du sommeil corrigé en fonction de 
l’éventuelle dette de sommeil occasionnée par le 
travail (MSFSc) et de déterminer le chronotype. Ain-
si : 

MSFSc = MSF – 0.5 x (SLDF – SLDΦ) 

où : 

• SLDΦ = (5 x SLDW + 5 x SLDF)/7 

• MSF : Milieu du sommeil pendant les jours de 
repos 

• SLDW : Durée du sommeil pendant les jours de 
travail 
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• SLDF : Durée du sommeil pendant les jours de 
repos 

• SLD Φ: Durée moyenne de sommeil 

Les sujets du matin ont un MSFSc ≤ 2.17 et les su-
jets du soir ont un  MSFSc > 7.25. 

Ce questionnaire a été 
largement utilisé (plus 
de 55.000 personnes 
âgées de 10 à 90 ans) 
et pourrait être une al-
ternative à tous les 
questionnaires permet-
tant d’estimer le chrono-
type, mais il semble que 
l’auteur fasse évoluer 
au fil du temps le calcul 
du score (Milieu du 
sommeil pendant les 
jours de repos, ensuite 
milieu du sommeil en 
fonction des besoins de 
sommeil et, pour termi-
ner, milieu du sommeil 
en fonction de la dette 
de sommeil...). De plus, 
ce questionnaire est 
aussi sensible à l’âge et 
au sexe. 

Remarques sur l’estimation du chronotype 
Roenneberg (Roenneberg, Sleep Med Rev, 2007) 
montre qu’une courte description des 2 chronoty-
pes [Par exemple : si vous aimez (ou programmez 
de) dormir un peu plus les jours de repos que les 
jours de travail, ou si vous ne pouvez généralement 
pas sortir du lit le lundi matin, alors probablement 
vous êtes un sujet du soir. Si, toutefois, vous vous 
réveillez à heure fixe et vous vous sentez en forme 
dès l’instant où vous sautez du lit et si vous préférez 
vous couchez tôt que d’aller à une soirée, alors vous 
êtes un sujet du matin.], suivie de la perception du 
chronotype sur une échelle de 0 (type matinal extrê-
me) à 6 (type tardif extrême), permet d’obtenir le 
même résultat que celui obtenu après les 19 ques-
tions du questionnaire de Horne et Ostberg. Nous 
avions déjà bien démontré (Taillard, J Biol Rhythms, 
2004) que la question 19 du questionnaire de Horne 
et Ostberg (estimation du chronotype) corrèle forte-
ment avec le chronotype calculé en fonction du sco-
re total. En d’autres termes, nous estimons très bien 
notre chronotype. 

Conclusion 
Pour l’instant, il est difficile de conseiller l’utilisation 
de tel ou tel questionnaire de matinalité/vespéralité. 
Chacun présente des limites d’utilisation. Le ques-
tionnaire de Horne et Ostberg a souvent été critiqué, 
mais la plupart des caractéristiques des composan-

tes circadiennes et homéostatiques des sujets du 
matin ou du soir ont été démontrées grâce à l’utilisa-
tion de ce questionnaire. Ces caractéristiques ont 
été confirmées par les études utilisant les question-
naires plus récents et soit disant plus fiables. De 
plus, l’intérêt clinique d’utiliser ces nouveaux ques-
tionnaires n’a pas été démontré. 
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8. Melatonin: receptors and actions 
Effects of melatonin on the hypothalamus-
pituitary-interenal axis in goldfish (Carassius 
auratus): stress gene expression 

Azpeleta C1, Olsvik PA2 , Hevrøy EM2 , Velarde 
E1, Vivas Y1, de Pedro N1, Isorna E1, Delgado 

MJ1  
1Department of Physiology (Animal Physiology II), Faculty of 
Biology, Complutense University, Madrid, Spain; 2National 

Institute of Nutrition and Seafood Research (NIFES), Nord-
nes, Bergen, Norway 

Purpose: The objective of the present study was to investi-
gate the possible effects of melatonin (MEL) on the ex-
pression of certain genes related to the activation of the 
hypothalamus-pituitary-interenal axis (HPI) in goldfish. 
Methods: Fish maintained at 12L:12D photoperiod were 
distributed into 4 groups: group 1, control (intraperitoneally 
(IP) injected with teleost saline during 4 days); group 2, 
stress (IP injected with saline during 4 days, and stressed 

by 2 minutes of handling and air exposure on day 4); 
group 3 and 4: stress and daily MEL injection (20 µg/g bw) 
three hours before lights off (group 3: IP injected with 
teleost saline at day 4; group 4: IP injected with MEL at 
day 4). Two hours after final treatment, blood and tissues 
were obtained and gene expression of CRH, CRH-R1, 
POMC, MC2R and StAR protein were analyzed by real 
time RT-q-PCR in hypothalamus, pituitary and interenal 
tissues. Results: Plasma glucose and lactate levels signifi-
cantly increased in the stressed fish compared to the con-
trol group, and MEL treatment (groups 3 and 4) reduced 
the circulating lactate increase. All target genes showed 
higher mRNA expression in stressed fish compared to 
controls, and MEL injections for 4 days (group 4) reduced 
slightly such increase and counteracted significantly the 
expression of POMC gene. This MEL effect was not ob-
served in fish that did not receive MEL injection on the last 
day, coincident with the stress exposure (group 3). Con-
clusions: The stress applied on the model organism in the 
present study demonstrates the genetic mechanisms un-
derlying the stress responses in fish. Our results suggest 
that MEL may be involved in the regulation of such re-
sponses via modulation of gene expression at different 
levels of the HPI axis.  
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Pharmacological characterization of the MT2 
melatonin receptor 

Devavry S1,2,3, Bonnaud A1, Cohen W1, Mi-
gaud M2, Delagrange P3, Nosjean O1, Boutin 

JA1, Malpaux B2 
1PMC, Institut de Recherches Servier, Croissy-sur-Seine, 

France 
2UMR PRC, INRA-CNRS-Univ. F. Rabelais Tours-Haras Natio-

naux, France 
3Département des Sciences Expérimentales, Institut de Re-

cherches Servier, Suresnes, France 

Purpose: To compare the pharmacological properties of 2 
compounds, considered as antagonists of MT2 receptors 
in 3 different species. Methods: CHO-K1 cells (Chinese 
Hamster Ovary) were transfected with human, rat and 
ovine recombinant MT2 melatonin (MLT) receptor (hMT2, 
rMT2 and oMT2). The agonist or antagonist activities of 
MLT and 2 compounds (4-phenyl-2-propionamidotetralin, 
4-P-PDOT and luzindole) were tested by 3 methods: 
cAMP assay, [35S]-GTP?S binding assay and cellular 
dielectric spectroscopy (CDS). Results: Assessed by 
cAMP production, MLT showed an agonist effect on 
hMT2, rMT2 and oMT2 with comparable potency 
(EC50=0.4nM). 4-P-PDOT showed a partial agonist effect 
on hMT2 and oMT2 (EC50=1.4nM and 35nM, respec-
tively), while it did not stimulate rMT2, suggesting a poten-
tial antagonist property. Luzindole showed a partial ago-
nist effect on hMT2 (EC50=7.2nM) and an antagonist ef-
fect on rMT2 and oMT2. These results contrasted with 
those obtained with [35S]-GTP?S binding which showed 
an antagonist activity of 4-P-PDOT and luzindole on the 3 
MT2 receptors.(CDS), a technology based on the change 
of intercellular impedance of a monolayer of cells, was 
used to assess agonist or antagonist activity of the com-
pounds. 4-P-PDOT showed a partial agonist effect on the 
3 MT2 receptors. Luzindole showed a partial agonist effect 
on hMT2 and rMT2, and did not show any agonist effect 
on oMT2. Conclusions: The same compound showed dif-
ferent agonist and/or antagonist activities on MT2 recep-
tors of different species. Moreover, the differences ob-
served using pathway specific (cAMP) or mode global 
functional responses (GTP?S, CDS), showed different 
functional responses, suggesting additional indirect cou-
pling pathways on MT2 receptors. 

Cloning and developmental expression profile of 
two different arylalkylamine N-
acetyltranferase 1 genes in the flatfish Solea 
senegalensis.  

Isorna E1, Falcón J2, Aliaga M1, El M’Rabet  
A1, Muñoz-Cueto JA1 

1Departamento de Biología, F. CC del Mar y Ambientales, Uni-
versidad de Cádiz, Puerto Real, España; 2Laboratoire Aragó, 
UMR7628 CNRS-UPMC, GDR2821 CNRS-Ifremer, Banyuls/

Mer, France  

Purpose: The purpose of this work was to investigate 
whether two AANAT1 (1a and 1b) genes are present in 
the retina of the Senegalese sole, and to investigate their 
pattern of expression, focusing on the early development 
and metamorphosis stages. Methods: A cloning strategy 
was used to amplify the Aanat genes from sole retinal 
extracts. Their developmental expression patterns were 
investigated using Real Time quantitative PCR. The corre-
sponding mRNAs where localized by in situ hybridization 

in retinas of sole larvae at different developmental stages. 
Results: The Senegalese sole expresses three Aanat 
genes, Aanat1a, Aanat1b and Aanat2. Aanat1a and 
Aanat1b exhibited inverse and stage-specific expression 
patterns in the sole. During the early larval stages, 
Aanat1a expression was higher than Aanat1b expression; 
and, only Aanat1a exhibited a daily pattern with higher 
levels of expression at night. At metamorphosis, Aanat1a 
expression decreased and the day-night variations where 
lost. In contrast, Aanat1b expression increased along the 
metamorphic process and exhibited higher nocturnal lev-
els. In adults, retinal Aanat1a mRNA levels displayed no 
day-night variation, while significant daily differences were 
found in Aanat1b expression. Both genes were mainly 
expressed in the inner nuclear and outer photoreceptor 
layers of the retina. Conclusion: Aanat1a probably plays a 
more important role than Aanat1b during early develop-
mental stages in the Senegalese sole. It is possible that 
besides melatonin synthesis the AANAT1 enzymes play 
other roles, such as dopamine acetylation. A possible 
functional antagonism between the AANAT and the thy-
roid hormone systems during flatfish metamorphosis is 
proposed. 

Supported by MEC (AGL2007-66507-C02-01), JA (P06-AGR-01939) and 
CNRS/IFREMER (GDR2821) 

Aryl-alkylamine-N acetyl transferase (Aa-nat) 
expression in the cones of Arvicanthis ansorgei 
retina 

Laurent V , Sandu C, Felder-Schmittbuhl MP, 
Bobu C, Hicks D  

INCI, CNRS UPR3212 Department of Neurobiology of 
Rhythms, Strasbourg, France 

Purpose: Melatonin (mel), for which Aa-nat is the limiting 
enzyme of synthesis, is thought to play roles in photore-
ceptor phagocytosis, critical for photoreceptor survival. As 
a first step to investigate the role of mel in mammalian 
retinal physiology, we studied mel RNA and protein pro-
duction in diurnal rodent retinas. Methods: Retinas of adult 
Arvicanthis ansorgei a diurnal rodent, kept in a 12-hour 
light-dark cycle (LD) were processed for non-radioactive in 
situ hybridization (ISH) using an Aa-nat riboprobe. Also, 
circadian Aa-nat gene expression was studied by real time 
PCR analysis on retinas from 3 groups housed under dif-
ferent lighting conditions (LD, constant dark (DD), and 
constant light (LL) cycles). Finally, retinas of adult Arvican-
this maintained under DD cycles for 72h were processed 
for western-blotting using a specific anti-AA-NAT antibody 
in order to investigate circadian AA-NAT expression. Re-
sults: Aa-nat gene expression revealed by ISH reached a 
maximum at night (ZT19) and a trough during the day 
(ZT6). Most importantly, Aa-nat expression was restricted 
to cone photoreceptors in a two row cell layer. Complete 
circadian analysis of Arvicanthis retinal Aa-nat expression 
confirmed robust circadian expression of Aa-nat, maxi-
mum at ZT19 in a 12h LD cycle and conserved in DD con-
ditions albeit at reduced amplitude. The 36h LL exposure 
altered the slope and time of maximum Aa-nat mRNA 
expression. Finally, AA-NAT protein expression in Arvi-
canthis retinas in DD rose at night but was maximal at 
CT7 in the middle of the subjective day. Conclusions: LD 
and DD circadian Aa-nat expression occurs uniquely in 
cones of Arvicanthis retina. However, LL conditions induce 
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a marked alteration in the expression profile, and protein 
presence in the subjective daytime of DD conditions ap-
pears paradoxical. Use of diurnal cone-rich mammalian 
species may help understand mel function in retina. 

Indications for melatonin in synaptic plasticity 
and memory formation in the mouse 

Lesny S, Özer M, Peruzki N, Jilg A, Stehle JH 
Institute of Cellular and Molecular Anatomy,Dr Senckenber-
gische Anatomie, Johann Wolfgang Goethe-University, Frank-

furt, Germany 

Purpose: Little is known so far about the putative role of 
rhythmically released pineal hormone melatonin and 
memory formation. The goal of this study was therefore to 
explore the impact of melatonin on the well-known day-
night dependence of hippocampal.synaptic plasticity, 
learning, and gene expression. Methods: The presence of 
the melatonin receptor 1 (MT1) and MT2 and major clock 
genes (Per1, Per2, Cry2, Clock, Bmal1) in the mouse hip-
pocampus were demonstrated by PCR, immunoblot and 
immunohistochemistry. We compared in a food-rewarded, 
hippocampal-dependent behavioural test (radial arm 
maze) C3H wildtype (WT), with MT1-/-, MT2-/-, MT1-/-/
MT2-/-, and with low melatonin secretor C57Bl mice. Be-
havioural experiments were also performed with C57BL 
mice that received melatonin in physiological concentra-
tion with the drinking water. In addition, melatonin was 
tested in primary hippocampal cell cultures of WT and MT-
/- mice for its efficacy to affect signaling events.  Results: 
MT mRNA and clock gene mRNA was detected in hippo-
campal extracts from WT mice. Rhythmic clock gene 
mRNA and protein levels in WT animals were greatly al-
tered in MT-/- mice. MT1-/-/MT2-/- mice showed a signifi-
cantly decreased performance in the radial arm maze test 
as compared to WT animals. Conclusion: The presence of 
MTs in the mouse hippocampus provides the basis for a 
temporally gated influence of the pineal hormone mela-
tonin on signalling events involved in memory processing. 
This assumption is supported by the observed differential 
expression profiles in diurnal clock genes between WT 
and MT-/- mice, and the impaired memory consolidation in 
MT-/- animals as compared to C3H mice. We conclude 
that melatonin modulates memory acquisition, either by 
directly inflicting on genes, relevant for synaptic plasticity, 
or indirectly, via phase-shifting hippocampal clock gene 
expression.  

Supported by the Förderfond of the Goethe-university Frankfurt 

Molecular organization and dynamics of the 
MT1 melatonin receptor/RGSZ1/Gai protein 
complex 

Maurice P1, Daulat AM1, Zamponi F2, Guillau-
me JL1, Delagrange P3, Jockers R1 

1Institut Cochin, INSERM U567, CNRS 8104, Université Paris 
Descartes, Paris, France; 2CNRS UMR 8549, Laboratoire de 
Physique Théorique, Ecole Normale Supérieure, Paris, France; 

3Institut de Recherches Servier, Suresnes, France 

Purpose: Regulators of G protein signaling (RGS) proteins 
are signaling modulators that accelerate GTP hydrolysis 
of G? subunits and facilitate termination of signaling initi-
ated by G protein-coupled receptors (GPCRs). By search-
ing for protein complexes associated with the carboxy-
terminal (Cter) domains of the two Gai protein-coupled 
human MT1 and MT2 melatonin receptors using an origi-
nal proteomic approach (Maurice et al, Mol. Cell. Pro-

teomics. 2008), we identified RGSZ1 as a specific partner 
of MT1. Methods and Results: Using biochemical, fluores-
cence imaging, and functional approaches, we showed 
that MT1 interacts with RGSZ1 in the ovine pituitary pars 
tuberalis and demonstrated that RGSZ1 and Gai bind 
directly and independently to the third intracellular loop 
and the Cter of MT1 to form a functional pre-associated 
complex. Agonist activation of MT1 rearranged this com-
plex as monitored by bioluminescence resonance energy 
transfer (BRET) between probes inserted at multiples 
sites in the MT1/Gai1/RGSZ1 complex. We propose a 3D 
model of the evolution of the complex and show that it is 
compatible with the BRET data. We used crystal struc-
tures of Gai1 under basal and activated conditions and 
demonstrate the molecular changes inside the structure of 
Gai1 and the mechanism of interaction with RGSZ1. Con-
clusions: Collectively, our data support the concept of pre-
associated RGS protein/GPCR complexes that rearrange 
upon agonist-promoted receptor activation and identify 
RGSZ1 as a new regulator of melatonin signaling. 

Melatonin production in gastrointestinal tissue 
of rainbow trout: immunochemical and bio-
chemical localization, effect of pinealectomy 
and daily variations 

Muñoz JLP, Míguez JM, Soengas JL, Rodríguez
-Illamola A, Álvarez-Otero R 

Department of Functional Biology and Health Sciences, 
Faculty of Biology, University of Vigo, Spain 

Purpose: Although the pineal organ is known to be the 
main source of blood melatonin in vertebrates, there is 
evidence that the gastrointestinal tissue (GIT) also could 
contribute to local and systemic levels of the hormone. We 
have recently shown the expression of AANAT2 gene in 
trout GIT, thus suggesting the local synthesis of mela-
tonin. Therefore, the purpose of the present study was to 
characterize the production and distribution of melatonin 
in different segments and tissues of trout GIT. Methods: In 
a first experiment, the presence of melatonin in different 
segments of rainbow trout GIT was studied by using im-
munochemical techniques and HPLC measures. In sec-
ond experiment, groups of trout were either pinealec-
tomized or sham-operated to evidence changes in mela-
tonin levels in the intestinal tissue and plasma. In a third 
experiment, groups of trout were sacrificed during the day-
night cycle in order to outline the daily variations in the 
levels of melatonin in the middle and posterior intestine. 
Results: Melatonin-containing cells were detected in all 
segments of the digestive tract, particularly in stomach 
and middle intestine. The tissue localization showed that 
melatonin was present in the mucosa and the muscular 
layer, probably in relation with serotonin-containing cells. 
Measurement of melatonin levels agreed with the pres-
ence of the hormone in all GIT segments, with a relatively 
higher amount in the muscular wall than in the mucosa. 
Pinealectomy, which abolished daily rhythm of melatonin 
in blood, did not affect melatonin levels in intestine. By 
last, we have not found significant daily changes in mela-
tonin levels in trout intestine, but a tendency to peak was 
evident during the afternoon and late night. Conclusions: 
The results support the existence of an endogenous pro-
duction of melatonin in trout GIT, and suggest that mela-
tonin could have a role in the coordination of digestive 
processes. 
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Crosstalk in melatoninergic and catecholaminer-
gic system regulating  human T regulatory and 
T effector cells 

Rai S1, Haldar C1, Cosentino M2 
1Pineal Res. lab, Department of Zoology, Banaras Hindu Uni-

versity, Varanasi, India 
2Department of Clinical medicine, Section of Clinical and Ex-
perimental Pharmacology, University of Insubria, Varerse, 

Italy 

Human blood is constituted of different sub-populations of 
lymphocytes. To understand the changes and significance 
of the endogenous melatonin and catecholamine in the 
immune system, we explored their synthesis by 
CD4+CD25- T effector and CD4+CD25+ regulatory T lym-
phocytes in activated states. We found that CD4+CD25- T 
effecter lymphocyte contains high endogenous melatonin 
whereas CD4+CD25+ T regulatory lymphocyte contains 
high catecholamine. Catecholamine treatment (1µM) to 
CD4+CD25- T effecter lymphocyte completely diminished 
the level of melatonin in vitro. Presence of Mel1a and 
Mel1b receptor was noted in both CD4+CD25- T effecter 
as well as in CD4+ CD25+ T regulatory lymphocytes. Me-
latonin treatment (10-7) was able to activate CD4+CD25- 
lymphocyte by increasing the production of IL-2 in vitro. 
Melatonin receptor antagonist luzindole treatment de-
creased IL-2 production and IL-2 expression by T effector 
lymphocytes thus confirming the role of melatonin in cyto-
kine production. Melatonin treatment also increased Fox 
P3, TGF ß expression significantly. Increase in Fox P3, 
TGF ?, TH and IL-10 following melatonin treatment in T 
regulatory cells represented some internal regulation be-
tween T effecter and T regulatory cells. Therefore, we may 
suggest a tonic control of immune system by those two 
subsets of lymphocytes mediated via specific membrane/
nuclear receptors. Such a control may be explained in 
terms of a trade-off mechanism/ regulation between the 
endogenous melatonin of T effecter cells and catechola-
mine of the T regulatory cells in maintaining the homeosta-
sis in the immune system depending upon the physiologi-
cal status or required status of the cells. 

Chronic maternal melatonin suppression during 
pregnancy induces morphological and functional 
changes in newborn sheep brown adipose tissue 

Reynolds H1, Torres-Farfan C1, Mendez N1, 
Valenzuela FJ1, Abarzua-Catalan L1, Mondaca 

M1, Llanos AJ1,2, Seron-Ferre M1,2 
1Programa de Fisiopatología, ICBM, Facultad de Medicina, 

Universidad de Chile, Santiago, Chile;  
2Universidad de Tarapaca, Arica, Chile 

In human and sheep, brown adipose tissue (BAT), ac-
crued during pregnancy is used for newborn thermogene-
sis whereas fetal BAT thermogenic function is inhibited by 
factors produced or transported by the placenta. We hy-
pothesize that one of these factors is maternal melatonin 
since functional melatonin receptors are present in sheep 
fetal BAT Purpose: To assess the role of maternal mela-
tonin on newborn perirrenal BAT weight, morphology, 
triglyceride (TAG) content and lipolytic response (glycerol) 
to norepinephrine. Methods: Maternal melatonin was sup-
pressed by exposing 9 pregnant sheep to constant light 
from 63% until delivery (term 145 days). Four sheep re-
ceived daily oral melatonin replacement (12 mg). Controls 
were 5 newborns from mothers maintained in 12h light:12h 
dark. At 4-6 days of age, newborns were euthanized and 

perirrenal BAT was dissected. A piece of BAT was pre-
served in TRIzol for UCP1 mRNA measurement, another 
piece was criopreserved for histology and portions of BAT 
were used fresh in culture. BAT explants (~25 mg) were 
pre-incubated in triplicate for 6-h at 37ºC in culture me-
dium followed by 12 hours in 2 ml medium alone (basal) or 
containing 0.1 µM of norepinephrine. Glycerol production 
was measured in the supernatants and TAG content in the 
explants. Results: The absence of maternal melatonin 
during gestation selectively decreased BAT weight/kg 
body weight and the size (area) of unilocular cells in con-
junction with increasing BAT UCP1 expression. BAT ex-
plants showed decreased basal TAG content, increased 
basal lipolysis and a blunted lipolitic response to norepi-
nephrine. These effects were reversed in BAT from new-
borns whose mothers received melatonin during preg-
nancy. Conclusion: Exposure to maternal melatonin during 
gestation is important in determining amount and function-
ality of BAT in the newborn. 

Supported by FONDECYT 1060766-1090381 

Defining the function of GPR50 through its in-
teraction partners 

Saade A1, Daulat A1, Tenconi E1, Delagrange 
P2, Clement N1, Jockers R1 

1Institut Cochin, INSERM U567, CNRS 8104, Université Paris 
Descartes, Paris, France ; 2Institut de Recherches Servier, 

Suresnes, France 

Purpose: GPCRs (G protein coupled receptors) respond to 
a variety of stimuli from peptides to hormones. They share 
a general seven-transmembrane topology and signal 
through heterotrimeric G proteins.  Because of their funda-
mental role in physiological and pathological processes, 
they are widely studied. However, numerous GPCRs and 
putative ligands are still unpaired. Several deorphanization 
strategies are purposely explored to fill this gap. GPR50, 
an orphan GPCR, was shown to be involved in psychiatric 
disorders and energy homeostasis. In addition, GPR50 
knockdown mice are resistant to high fat diet-induced obe-
sity. However, apart from the fact that GPR50 het-
erodimerise with MT1 and MT2 melatonin receptors; very 
little is known about the function of GPR50 on the molecu-
lar level. As GPR50 does not bind any known ligand, a 
way to investigate its function is to identify its interacting 
partners. Methods: A yeast two-hybrid screen and a tan-
dem affinity purification assay coupled to mass spectrome-
try were performed in our laboratory to identify GPR50 
associated protein complexes. Results: Protein associa-
tions were confirmed with complementary methods in ex-
ogenous and endogenous systems. GPR50 impact on 
signaling pathways of most interesting partners were dis-
sected. Conclusion: Dissection of those new protein net-
works aims at understanding GPR50 physiology and at 
developing therapeutic opportunities.  

Effects of melatonin on neuronal activity in the 
rat suprachiasmatic nuclei (SCN) in vitro 

Scott FF1, Belle MDC1, Delagrange P2, Piggins 
HD1 

1Faculty of Life Sciences, University of Manchester, UK; 2In-
stitut de Recherches Internationales Servier (IRIS), France  

Purpose: To investigate the acute effects of exogenous 
melatonin on Per1-expressing and non Per1- expressing 
SCN neurons in vitro. Methods: Hypothalamic slices con-
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taining the SCN were prepared from Per1::GFP-
expressing transgenic mice and GFP expression visual-
ised using fluorescence microscopy to identify Per1+ve 
and Per1-ve SCN neurons. Cells were recorded from un-
der either current- or voltage-clamp mode and melatonin 
(1nM) applied via the perfusion line for ~1.5 min. In cur-
rent clamp recordings, melatonin was also applied to 
some cells in the presence of the fast sodium channel 
blocker, tetrodotoxin (TTX), to determine whether re-
sponses were pre- or postsynaptically mediated. Results: 
In current clamp mode, exogenous melatonin, at near-
physiological concentrations, hyperpolarised the majority 
of SCN neurons tested at all times of the projected 
light:dark cycle. In addition, 1 nM melatonin depolarised a 
small proportion of cells. No differences were observed in 
melatonin's effects between Per1+ve or Per1-ve cells, 
however neurons in the dorsal SCN were more likely to be 
hyperpolarised by melatonin than those tested in the ven-
tral region. The majority of melatonin's effects on resting 
membrane potential were blocked by TTX and in voltage 
clamp mode, 1nM melatonin increased the frequency of 
GABA-mediated postsynaptic events in SCN neurons. 
Conclusions: This study provides the first report of mela-
tonin-induced hyperpolarisations in Per1-expressing SCN 
neurons, a subset of cells containing one of the key com-
ponents of the molecular clock. In contrast to previous 
investigations, our results suggest that the majority of me-
latonin-induced hyperpolarisations are mediated pre-
synaptically and also that melatonin is likely to exert its 
effects by modulating inhibitory GABAergic transmission.  

Detection of GPR50 in rodent and human hypo-
thalamus 

Sidibe A1, Mullier A2, Chen P1, Boutin JA3, 
Delagrange P3, Prévot V2, Jockers R1 

1Institut cochin, INSERM U567, CNRS 8104, Université Paris 
Descartes, Paris, France; 

2Jean-pierre Aubert research centre, INSERM U837, Lille 
Cedex, France; 3Institut de Recherches Servier, Suresnes, 

France 

Purpose: There is accumulating evidence for the expres-
sion of the orphan G-protein-coupled receptor, GPR50, in 
the hypothalamus. However, due to the absence of a 
ligand or an antibody, precise in vivo localization of the 
receptor is still lacking. The aim of the present study is to 
confirm the expression of this receptor. Methods: Using 
antibodies generated and characterized by our group, we 
investigated the distribution of GPR50 by immunocyto-
chemistry. Results: GPR50 expression has previously 
been detected in rodent and ovine hypothalamus on the 
mRNA level. Also, the recent generation of mice lacking 
functional GPR50 through insertion of a lacZ gene into the 
coding sequence of GPR50, suggested the expression of 
GPR50 in mouse hypothalamus. Here, we confirm for the 
first time using a sensitive and specific approach, that 
GPR50 is expressed in rodent and human hypothalamus. 
Furthermore, cell-type specific markers have been used to 
characterize the GPR50-expressing cells. Conclusions: 
This study offers new pharmacological perspectives for 
targeting GPR50, a receptor previously associated to bi-
polar and depression disorders and energy homeostasis 
regulation. 

Melatonin protects oocyte and granulosa cells 
from reactive oxygen species (ROS) during the 
ovulatory process  

Tamura H,  Taketani T, Sugino N 
Department of Obstetrics and Gynecology, Yamaguchi Univer-

sity Graduate School of Medicine, Yamaguchi, Japan 

Purpose: ROS are produced within the follicle especially 
during the ovulatory process. We examined whether mela-
tonin acts as an anti-oxidant within follicles and protects 
oocytes and granulosa cells from oxidative stress. Meth-
ods: 1) Follicular fluid was sampled at oocyte retrieval 
during in vitro fertilization and embryo transfer (IVF-ET) 
and intrafollicular concentrations of melatonin, 8-OHdG (8-
hydroxy-2’-deoxyguanosine) and progesterone (P) were 
measured. 2) Oocytes recovered from immature ICR mice 
were incubated in medium with hydrogen peroxide (H2O2) 
and melatonin. 3) Infertility women who failed to become 
pregnant in the previous IVF-ET cycle with a low fertiliza-
tion rate (<50%) were recruited to IVF-ET with melatonin 
treatment (3mg), and fertilization rate and pregnancy rates 
were compared to the previous IVF-ET cycle. 4) Lu-
teinized granulosa cells collected from follicular fluids of 
IVF-ET patients were incubated with H2O2 and melatonin, 
and P concentrations in the medium were measured. Re-
sults: 1) Melatonin levels in follicles increased depending 
on follicular growth. Melatonin showed a negative correla-
tion with 8-OHdG and a positive correlation with P, and 
there was a negative correlation between P and 8-OHdG. 
2) Reduced percentages of the oocyte with first polar body 
caused by H2O2 were recovered by melatonin addition. 3) 
Melatonin levels in follicles were significantly increased 
and 8-OHdG levels were significantly decreased after 
melatonin treatment. The fertilization rate and pregnancy 
rate were improved by melatonin treatment. 4) P produc-
tion was inhibited by H2O2 in a dose-dependent manner, 
and the inhibitory effect was blocked by melatonin. Con-
clusions: Melatonin plays an important role as an anti-
oxidant in the follicle.  Melatonin protects oocytes and 
granulosa cells from ROS during the ovulatory process, 
and contributes to oocyte maturation and luteinization of 
granulosa cells. 

cDNA microarray analysis of melatonin recep-
tor1 (MT1)-dependent gene expression in the 
mouse pars tuberalis 

Unfried C, Korf HF, von Gall C 
Emmy Noether-Nachwuchsgruppe and Dr. Senkenbergische 
Anatomie and Institut für Anatomie II, Johann Wolfgang 

Goethe-University, Frankfurt, Germany  

Purpose: Melatonin is an important rhythmic signal within 
the circadian system of mammals. The hypophyseal pars 
tuberalis (PT) expresses a high density of MT1 receptors 
(von Gall et al. 2002a) and is believed to regulate sea-
sonal changes in physiology and behavior (Korf and 
Stehle 2002). Although laboratory mice are relatively in-
sensitive to photoperiod, a deficiency in MT1 signaling in 
the PT affects not only prolactin secretion (von Gall et al. 
2002b) but also abolishes expression of clock genes 
which encode for transcriptional regulators of rhythmic 
gene expression (Jilg et al. 2005). In addition, the expres-
sion of the negative regulators Per1 and Cry1 are acute 
inhibited and activated by melatonin, respectively 
(Dardente et al. 2003). In this study, the effect of mela-
tonin acting through the MT1 receptor on gene expression 
in the PT was analyzed by comparing wild-type (WT) and 
MT1-/- mice at two different time points: CT06 (low mela-
tonin levels) and CT18 (high melatonin levels) by cDNA 
microarray analysis. In situ hybridization was used to con-
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firm observed day/night differences and to study the acute 
effect of daytime-melatonin application on gene expres-
sion in WT PT.  Expression of Mt1 and Tim was higher 
during the day as compared to night in PT of WT mice, 
suggesting an inhibitory role of melatonin. In contrast, ex-
pression of Cry1, Neurod1 and Npas4 was lower during 
the day as compared to night in PT of WT mice, suggest-
ing an activatory role of melatonin. Day night differences in 
expression of these genes were not observed in PT of 
MT1-/- mice, demonstrating the importance of the MT1 
receptor for gene expression in this tissue. However, acute 
effects of day-time melatonin application could be ob-
served on the expression of Mt1, Tim, and Cry1 but not on 
the expression of Neurod1 and Npas4. We conclude that 
melatonin regulates gene expression primarily through the 
MT1 receptor by either acute or long term mechanisms.  

A new perspective for melatonin action in the 
human adrenal gland: melatonin inhibits ACTH-
stimulated cortisol production by reducing 
BMAL1 and StAR and 3ß-hydroxysteroid dehy-
drogenase (3ß-HSD) expression 

Valenzuela FJ1, Campino C2, Torres-Farfan C1, 
Abarzua-Catalan L1, Arteaga E2 , Seron-Ferre 

M1,3 
1Instituto de Ciencias Biomedicas, Facultad de Medicina, Uni-
versidad de Chile; 2Facultad de Medicina, Pontificia Universi-

dad Catolica ;  3Universidad de Tarapaca, Arica, Chile 

Recent evidence shows that clock genes are required for 
primate adrenal response to ACTH. In addition, the clock 
gene protein BMAL1 is important for ACTH stimulation of 
the key steroidogenic proteins StAR and the enzyme 3ß-
HSD. Melatonin inhibits clock gene expression in the pri-
mate adrenal gland and ACTH-stimulated cortisol and 
corticosterone production in primates and rats. The mela-
tonin receptor MT1 is expressed in the human adrenal 
gland. Purpose: To assess whether melatonin effects on 
ACTH-stimulated cortisol production involves suppression 
of BMAL1 protein and steroidogenic proteins. Methods: 
Normal adrenal tissue was obtained from 5 patients under-
going laparoscopic unilateral nephrectomy-adrenalectomy. 
Explants were prepared from 3 adrenal glands, pre-
incubated at 37°C for 6 h and starting at 2000 h, incubated 
in triplicate for 12 hours in 2 ml medium alone (basal) or 
containing 100 nM of 1-24 ACTH in the presence or ab-
sence of 100 nM melatonin and in the presence or ab-
sence of 1 µM Mt1/Mt2 antgonist luzindole. Clock gene 
expression of Per2, Bmal1, Cry2 and Clock was investi-
gated in the other 2 adrenals. Results: Clock genes were 
expressed in the human adrenal gland. ACTH increased 
cortisol production, StAR and 3ß-HSD content and BMAL1 
content over 2 fold. These responses were blocked by 
coincubation with melatonin and reversed by the antago-
nist luzindole. Conclusion: Our study demonstrates that 
melatonin acts directly upon the human adrenal gland, as 
a local inhibitor of ACTH-induced cortisol production by 
down-regulation of the clock protein BMAL1, required for 
StAR expression. 

Supported by Fondecyt 1090381 

Melatonin is released in the third ventricle in 
humans. A study in movement disorders  

Leston J1,4, Harthé C², Brun J², Mertens P¹, Sin-
dou M¹, Claustrat B2,3 

1Neurosurgical unit A; 2Hormone laboratory, Centre of Nu-
clear Medicine, Hospices Civils de Lyon,  

3INSERM, U846, Stem Cell and Brain Research Institute, 
Department of Chronobiology, , Bron, France 

Purpose: To determine sources and metabolism of mela-
tonin in human cerebrospinal fluid (CSF). Methods: mela-
tonin and 6-sulfatoxymelatonin (aMT6S) concentrations 
were measured by GCMS and RIA respectively in cerebro-
spinal fluid (CSF) sampled during the day (09:00-15:00) in 
both lateral and third ventricles in patients displaying 
movement disorders (Parkinson’s disease, essential 
tremor, dystonia or dyskinesia) during neurosurgery and 
compared with their plasma levels. Previous determina-
tions in nocturnal urine had showed that, despite drug ad-
ministration of drugs, the patients displayed melatonin 
excretion in the normal range, compared with healthy con-
trols matched according to age. Results: A significant dif-
ference in melatonin concentration was observed between 
lateral and third ventricles, with the highest levels in the 
third ventricle (8.69±2.75 and 3.20±0.33 pg/ml respec-
tively, p<0.01). CSF aMT6s levels were similar in both 
ventricles (2.6±0.22 and 2.7±0.26 p=0.21) and of low mag-
nitude, less than 5pg/ml. They were not correlated with 
melatonin levels. Melatonin levels were significantly higher 
in third ventricle than in the plasma (4.38±1.32 pg/ml, 
p<0.05), whereas there was no difference between plasma 
and lateral ventricle levels. Conclusions: These results, 
involving a specific assay (GCMS) for CSF melatonin de-
termination, show that melatonin may enter directly the 
CSF through the pineal recess in humans, even during the 
day. The physiological meaning of these data remains to 
be elucidated. 

Melatonin effect on differentiated functions of 
mouse osteoblast  

Manda D, Ianas O., Popa O, Vladoiu S, Dumitra-
che C 

"C.I.Parhon" National Institute of Endocrinology, Bucharest, 
Romania 

The physiological and neuroendocrine functions of mela-
tonin and its therapeutic potential critically depend on the 
understanding of its target sites and mechanism of action. 
It was reported that melatonin promoted osteoblast differ-
entiation and mineralization in MC3T3-E1 (mouse 
preosteoblast) and rat osteoblast-like osteosarcoma 17/2.8 
cells. Purpose: the aim of this study was to assess the 
effect of melatonin treatment on mouse osteoblast in cul-
ture by studying the Cbfa1 gene expression, the major 
regulator of the osteoblast phenotype, and induction of 
mineralization as expression of differentiated osteoblasts. 
Material and methods: mouse osteoblasts from different 
passages were seeded for RNA extraction or von Kossa 
specific staining for mineralization and treated with mela-
tonin (concentrations ranged between 10-11-10-6 M). 
Cells from passage 1 and 2 have been treated with mela-
tonin for 2 weeks. After incubation period cells were har-
vested and RNA extracted. 1µg RNA was reverse tran-
scribed to single stranded cDNA and then specifically am-
plified for Cbfa1. Cells were also stained specifically for 
alkaline phosphatase and mineralization. Results: We 
used an experimental model of mouse osteoblast culture 
from newborn calvaria set up by our group. As a specific 
marker for osteoblast differentiation we used Cbfa1 gene 
expression. Melatonin reduced Cbfa1 expression in both 
experiments. Groups treated with melatonin showed high 
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mineralization in an early development stage, in the sec-
ond week of culture, when normally mineralization does 
not occurs (as could be seen in control sample). Von 
Kossa positive staining showed that melatonin promotes 
mineralization in osteoblasts in early development stages. 
Conclusion: The slight inhibition in Cbfa1 expression is 
correlated with the precocious fully differentiation of os-
teoblasts (mineralizing cells). As the human melatonin 
receptors are very similar to mouse melatonin receptors, 
the mouse osteoblast culture is a good model for human 
osteoblasts. 

9. Brain, energy metabolism and rhythms 
Variation in orexin activation in CD-1 mice 

Bendall RCA, Gigg J, Piggins HD 
Faculty of Life Sciences, The University of Manchester, Man-

chester, UK 

Purpose: To determine the rhythmic profile of orexinergic 
neuron activation in the CD-1 mouse. Methods: Adult 
male CD-1 mice were maintained under a 12h:12h light-
dark cycle and sacrificed at varying points across the daily 
cycle: ZT6, ZT11, ZT13 and ZT18 (where ZT12=lights-
off). Brains were processed for double-labelling immuno-
histochemistry using c-Fos and orexin specific antibodies 
as follows: the suprachiasmatic nuclei (SCN) were proc-
essed for c-Fos and the lateral hypothalamus (LH) was 
processed for both c-Fos and orexin. Results: The profile 
of SCN activation, as measured by the number of c-Fos 
immunoresponsive neurons, revealed an increased level 
of c-Fos-ir at ZT6, ZT11 and ZT13 compared with ZT18. 
Double-labelling immunohistochemistry of the LH for c-
Fos and orexin revealed a higher percentage of double-
labelled neurons at the points ZT11 and ZT18 but not 
ZT13 compared to ZT6. Conclusions: The SCN in CD-1 
mice display rhythmic c-Fos expression across the sleep-
wake cycle similar to that seen in other mouse strains, 
that is, with higher levels during the animal’s inactive pe-
riod. In the LH, levels of orexinergic neuronal activation 
varied across the sleep-wake cycle with higher levels of c-
Fos:orexin co-localization during the middle of the ani-
mal’s active period (ZT18) than during the middle of the 
animal’s inactive period (ZT6); again demonstrating simi-
larities with other rodent species. Further, there was an 
increase in c-Fos/orexin co-localisation at ZT11 compared 
to ZT6. This suggests that these neurons become active 
prior to the onset of activity during the nocturnal period. 

Confinement and extended wakefulness effects 
on propensity to take risks 

Chaumet G1, Taillard J2,3, Philip P2,3 
1IRBA Antenne Toulon, IMNSSA, Toulon, France;  

2CNRS UMR 5223, Bordeaux, France;  
3GENPPHASS, University of Bordeaux 2, Bordeaux, France 

The consequence of confinement and extended wakeful-
ness on risk-taking propensity is a key issue in crew man-
agement. We investigated both confinement (partial social 
isolation and “day light” equal at 300 lux in living areas) 
and gender effects on risk propensity and performance 
during up to 36 h of extended wakefulness.  We studied 4 
groups of 3 men and 3 women [N = 24, mean age (+/- 
SD) = 32.9 +/- 5.8 yr] for 10 consecutive days: a 7 days 
period of confinement or a 7 day baseline condition pre-
ceding one control night of normal sleep, one night of 
extended wakefulness, and one recovery night in the 
laboratory. Risk propensity (EVAR scale) and simple re-
action time task performances were monitored every 2.25 
h (09H30-19H45) during confinement and every 2.11 h 
(09H30-07H45) during the extended wakefulness condi-
tion. Overall risk propensity during extended wakefulness 
showed a variation in both conditions with two diurnal 
peaks separated by a nocturnal minima. After the confine-
ment period, no second peak was found. Number of 
lapses (reaction time > 500 ms) on the SRTT varied daily 
in both conditions. During the night of extended wakeful-
ness, risk-taking propensity decreases and remains stable 
the following day in the confinement condition while it 
increases after the baseline period. Low light level ha-
bituation in confinement condition could be responsible in 
smoothing risk propensity level when subjects were sleep 
deprived. 

The effect of water deprivation on supraoptic 
nucleus and subfornical organ of a desert ro-
dent Meriones shawi: GFAP immunohistochimi-
cal study 

Elgot A, Bouyatas MM, Sansar W, Gamrani H 
Laboratory of Neurosciences, Cadi Ayyad University, Faculty 

of Sciences Semlalia, Marrakesh, Morocco 

Purpose: Supraoptic nucleus is part of the hypothalamus-
neurohypophysial system, which constitutes an obvious 
example of activity-dependent neuroglial plasticity, in 
which certain physiological conditions, such as dehydra-
tion, are accompanied by a structural remodeling of the 
neurones, their synaptic inputs and their surrounding glia. 
The subfornical organ is a brain structure involved in os-
motic stress and water balance. In the current work, adult 
Meriones shawi (rodent adapted to desert life) are used 
as an animal model. Methods: Using GFAP expression as 
an indicator of astrocytes activation, the effect of pro-
longed episode of water deprivation on the supraoptic 
nucleus of the hypothalamus (SON) and subfornical organ 
(SFO) were examined. We studied the immunoreactivity 
of GFAP in various hydration states (total deprivation of 
drinking water for 3 and 6 months compared to hydrated 
animals). Results: Our immunohistochemical study dem-
onstrates that the dehydration produces an important de-
crease of GFAP immunoreactivity in both SON and SFO 
after 3 and 6 months of water restriction. Conclusions: 
This finding with others, may explain a real involvement of 
SFO and SON astrocytes of Meriones shawi in this os-
motic stress situation. Furthermore, these data could 
open further investigations concerning the possible in-
volvement of SFO and SON astrocytes in the seasonal 
regulation of the hydrous balance and resistance to dehy-
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dration of this desert rodent. 

Evaluation of the effect of aluminium chloride 
exposure on daily activity of rat brain 

Erazi H, Sansar W, Gamrani H 
Laboratory of Neurosciences, University Cadi Ayyad, Faculty 

of Sciences Semlalia, Marrakech, Morocco 

Aluminium is the most abundant metal on our ground. In 
nature, the aluminium does not exist in a free state. Com-
bined with oxygen, fluorine and silicon, it constitutes ap-
proximately 8% of the Earth's crust. Aluminium incorpo-
rates into the body either through respiratory, digestive or 
cutaneous ways. We intend to evaluate the neurocompor-
temental and immunohistochemical parameters induced 
by chronic exposure to the aluminium chloride (AlCl3) in 
the adult rat. For this study, we used rats wistar exposed 
to 0.3% of aluminium chloride in drinking water during two 
months. Behavioural studies were performed using the 
“Open field” and the “Dark/light box” tests. The animals 
were used thereafter for the immunohistochemical study 
by using antibody anti GFAP (glial fibrillary acidic protein). 
This study enables us to evaluate the reaction of the sys-
tem glial to the aluminium chronic intoxication on the level 
of the cerebral cortex, the hippocampus and the cerebel-
lum cortex. The results obtained showed a reduction re-
spectively, in locomotor activity and an increase in anxiety 
in the rats treated compared to controls. The immunohis-
tochemical study of the GFAP revealed a significant in-
crease of GFAP-immunolabelling compared to controls. 
These results show that aluminium affects the daily be-
havior of rats. Reduced glial expression could induce a 
dysfunction of the neuronal system. The present study 
brings a support for the role of the aluminium in brain dys-
function. 

The Krüppel Like Factor KLF10 is a molecular 
link between the circadian clock and metabo-
lism in liver 

Guillaumond F1, Gréchez-Cassiau A1, Subra-
maniam M2, Brangolo S1, Peteri-Brünback B1, 
Staels B3, Fiévet C3, Spelsberg TC2, Delaunay 

F1, Teboul M1 
1CNRS FRE 3094, Université de Nice-Sophia Antipolis, Nice, 
France ; 2Mayo Clinic College of Medicine, Rochester, USA ; 

3INSERM U545, Institut Pasteur, Lille, France 

Purpose: Epidemiological and experimental evidence 
suggest that the circadian clock system is intimately 
linked to metabolism in mammals. However, the genetic 
circuitry that link clock genes to metabolic outputs re-
mains poorly defined. In the present study we investigated 
the role of the transcriptional regulator KLF10 in the cir-
cadian regulation of metabolism in liver. Methods: The 
clock regulation of Klf10 was determined using reporter 
gene assays and Bmal1 deficient mice. The physiological 
role of KLF10 was analysed using microarrays and qPCR 
mRNA profiling, metabolic phenotyping in wild-type and 
Klf10 deficient mice. Results: The circadian expression of 
Klf10 is driven by the liver clock through a conserved E-
box element. Genome-wide analysis of the liver transcrip-
tome in Klf10-/- mice identified 158 target genes with a 
significant enrichment for genes involved in lipid and car-
bohydrate metabolism. Male Klf10-/- mice exhibited ele-
vated postprandial and fasting glycemia. Consistently, the 
gluconeogenic gene Pepck was upregulated and hepatic 

glucose production was increased in Klf10-/- mice. Fe-
males Klf10-/- mice were normoglycemic but displayed 
higher plasma triglycerides and altered circadian expres-
sion profiles of lipogenic genes including Fas, Elovl6 and 
Srebp1c. Furthermore, the response to PPAR??ligands 
was altered in Klf10-/- primary hepatocytes. Conclusions: 
Collectively, these data establish KLF10 as a circadian 
transcriptional regulator that links the molecular clock to 
energy metabolism in liver.  

The biological clock modulates the sensitivity 
of the arcuate nucleus to metabolic changes  

Herrera-Moro Chao D1, Escobar Briones C2, 
Acosta Galván G1, Salgado-Delgado R2, Basu-

aldo MC1, Guzmán-Ruiz MA1, Buijs RM1 
1Dept de biología celular y fisiología, Instituto de Investiga-
ciones Biomédicas, UNAM Mexico; 2 Dept de anatomía, Fa-

cultad de Medicina, UNAM, Mexico 

Purpose: Blood glucose levels in the blood follow a cir-
cadian rhythm which is controlled by the suprachiasmatic 
nucleus (SCN). The arcuate nucleus (ARC) is considered 
as a brain area that senses the concentration of circulat-
ing metabolites and hormones.  The ARC has reciprocal 
connections with the SCN indicating that the SCN may 
play a role in changing the sensitivity of the ARC to circu-
lating hormones and metabolites. Our objective is to in-
vestigate the influence that the SCN exerts on the ARC 
under negative metabolic conditions, such as fasting, and 
hypoglycemia. Methods and Results: Wistar rats received 
a jugular vein and icv canula for injection of 2-
deoxyglucose (2-DG) centrally or into the general circula-
tion at two different daytime points. Two hours after the 2-
DG challenge, the ARC responds differently to hypoglyce-
mia at the two different time points, with a major expres-
sion of c-Fos at the end of day. This activation is exclu-
sive to the ventromedial area of the ARC where mainly 
NPY containing neurons are activated by the hypoglyce-
mic challenge. To elucidate the mechanisms by which the 
SCN is controlling the sensitivity of the ARC, Wistar rats 
received a SCN unilateral lesion, after recovery they were 
fasted for 2 days. We observed an increment of c-Fos 
activity at the lesioned side, indicating inhibitory projec-
tions from the SCN to the ARC during the light period. To 
define the mechanisms of this putative SCN inhibition of 
the ARC to hypoglycemic conditions, Wistar rats were 
canulated in the jugular vein and received a unilateral 
lesion of the SCN. After a period of recovery, animals 
were injected intravenously with 2-DG and blood samples 
were taken for analizing the circulating levels of glucose. 
Two hours after the injection the brains were perfused 
and analyzed for c-Fos and NPY. Conclusions: Our re-
sults indicate that the SCN inhibits the ARC glucosensi-
tive NPY neurons during the light period. These results 
allow us to propose that the SCN gates the transmission 
of metabolic information of the ARC to the rest of the 
brain, involving it in the daily homeostatic control.       

Financed by DGAPA project IN215308 and Conacyt 79797 

Balanced nutrient foods with high glycemic in-
dex but not sugar alone is suitable entraining 
signals of mouse liver clock  

Hirao A1,2, Tahara Y 1, Kimura I2, Shibata S1 
1Laboratory of Physiology and Pharmacology, School of Ad-
vanced Science and Engineering, Waseda University.Tokyo, 
Japan; 2Laboratory of Developmental Biology, School of Hu-
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man Sciences, Waseda University.Tokyo, Japan 

Background: Mouse peripheral circadian clock is known to 
be entrained not only by light-dark cycle but also daily 
restricted feeding schedule. Behavioral and cell culture 
experiments have suggested the increase of glucose may 
be one of factors for such feeding-induced entrainment. 
When the evidence of feeding-induced entrainment is 
applied for human life, nutrient content and variation of 
foods should be considered. Principal finding: In order to 
elucidate the composition of food in this entrainment, we 
examined whether complete or partial substitution of nutri-
ent affects phase-shifting the liver clock. Nutrient composi-
tion of carbon hydrate were selected by according to low 
glycemic index (GI) or high GI value. When standard 
mouse diet, AIN-93M formula was given for 2 days at mid-
dle day, liver bioluminescence rhythm of Per2::luciferase 
knock-in mouse caused 3-4 hrs advances in comparison 
to fasting or ad lib feeding mouse. One hundred percent of 
cornstarch or soybean oil moderately but not of casein 
produced phase advance, while 100% of glucose or su-
crose failed to do it. When cornstarch was substituted by 
glucose, sucrose, fructose, or polydextrose caused phase 
advance in parallel with the order of GI values. When 
cornstarch was substituted by high amylose cornstarch 
(low GI) or gelatinized cornstarch (high GI), high amylose 
cornstarch caused a weak phase advance than cornstarch 
or gelatinized cornstarch. Corn flour with high GI also 
caused large phase advance than that with low GI. Con-
clusions: The present results strongly suggest that bal-
anced nutrient foods containing at least carbon hydrate 
are good nutrition for restricted feeding-induced entrain-
ment of peripheral circadian clock, and that food. 

Positive circadian transcription factor complex 
CLOCK/BMAL1 and HES family members, 
HES1 and HES6, regulate human LDLR pro-
moter activity via distinct promoter elements 

Lee YJ, Han DH, Jeong JH, Pak YK, Cho S 
Department of Life and Nanopharmaceutical Science & De-
partment of Physiology, Kyung Hee University College of 

Medicine, Seoul, Korea 

Purpose: We recently observed that HES6 oscillates in the 
mouse liver in an E-box- and functional circadian clock-
dependent manner (The 20th Annual Meeting of KSMCB, 
Poster No. P29-27). Here, we explored possible roles of 
CLOCK/BMAL1, HES1 and HES6 in the regulation of low 
density lipoprotein receptor (LDLR) promoter. Methods: 
Human LDLR promoter reporter constructs were tran-
siently transfected into HepG2 cells and the effects of 
CLOCK/BMAL1, HES1, and HES6 expression were ana-
lyzed by dual luciferase reporter assays. Serial deletion 
and point mutation constructs were used to delineate re-
sponsible promoter elements. Results: We found that 
positive circadian transcription factor complex CLOCK/
BMAL1 upregulates human LDLR promoter activity in a 
serum-independent manner, while transcriptional repres-
sor HES1 downregulates it only under serum-depleted 
conditions. Both effects were mapped to proximal pro-
moter region of human LDLR, where mutation or deletion 
of well-known serum response element (SRE) abolishes 
only the repressive effect of HES1. Surprisingly, expres-
sion of HES6, well-known repressor of HES1 repressor, 
also inhibits human LDLR promoter activity in a dose-
dependent manner and involves distinct promoter ele-
ment. Conclusions: These results suggest that transcrip-

tional regulation of LDLR is very complicated and subject 
to circadian control involving CLOCK/BMAL1 and HES 
family transcription factors.  

Disruption of circadian rhythms by constant 
light does not inhibit cell proliferation in the 
hippocampus of adult rats 

Mueller AD, Mear RJ, Mistlberger RE 
Simon Fraser University, Burnaby, British Columbia, Canada 

Purpose: REM sleep deprivation (RSD) has been shown 
to inhibit hippocampal neurogenesis in the adult rat inde-
pendent of elevated adrenal stress hormones (Mueller et 
al. 2008).  Attenuated circadian rhythms of locomotion, 
waking, and drinking are side effects of RSD procedures. 
This study was conducted to identify the role of disrupted 
circadian organization as a potential mediator of the anti-
neurogenic effect of RSD. In line with this idea, various 
reports have suggested the importance of circadian regu-
lation in neurogenesis as well as in hippocampal depend-
ent learning.  Methods: In order to abolish circadian 
rhythms of behavior, male Sprague Dawley rats were sub-
jected to constant bright light (LL) for either 4-days or 10-
weeks. Arrhythmicity of locomotion was validated with 
overhead motion sensors and sleep stages were verified 
via EEG recordings. Newly proliferating cells in the granu-
lar cell layer (GCL) of the dentate gyrus (DG) were labeled 
with a single IP injection of 5-bromo-2-deoxyuridine 
(BrdU), and animals were sacrificed 2h later.  To confirm 
reports of daily variation of hippocampal cell proliferation 
(Guzman-Marin et al. 2007), we additionally assessed the 
number of new cells in the DG early and late in the light 
period under LD 12:12.  Results: Neither short term LL (4-
days), nor long term LL (10-weeks) altered cell prolifera-
tion in the GCL of the DG despite circadian disorganiza-
tion of behavior. Furthermore, we did not detect significant 
daily variation of cell proliferation at two times points previ-
ously reported to vary by a factor of 2. Conclusions: Our 
results suggest that disrupted circadian rhythm by con-
stant light does not alter basal level of hippocampal cell 
proliferation. Therefore, the reported reduction of hippo-
campal cell proliferation after 4 days of RSD can be seen 
as a primary result of sleep deprivation and not as a sec-
ondary effect of circadian disorganization. 

Daily rhythm in morphine sensitization and con-
ditioned-place preference  

Perreau-Lenz S1, Sanchis-Segura C2, Spanagel 
R1 

1Central Institute of Mental Health, Mannheim, Germany; 
2Area de Psicobiologia, University Jaume I, Castelló, Spain 

Purpose: We aimed at measuring the daily rhythm of mor-
phine-induced behaviour sensitization and conditioned 
place preference (CPP), two behaviours reflecting the 
development of dependence to this drug. Methods: There-
fore, we assessed the development and the expression of 
these two behaviours at 4 different time-points (ZT4, 
ZT10, ZT16 and ZT22) in C57Bl6/J male mice. During 8 
conditioning daily sessions of 30 min, mice received, alter-
natively, saline or morphine (10 mg/kg; i.p.) injections 
while exposed to one of two different floor types (CS- and 
CS+, respectively). During the CPP test session (15min), 
mice were put in the box with both types of floor available; 
time spent on each floor was recorded. Behavioural sensi-
tization was assessed measuring the locomotor activity of 
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the animals during the 4 CS+ conditioning sessions of the 
CPP procedure. In order to verify that the rhythmicty ob-
served was not only occuring during the expression of the 
CPP but well due to daily differences in the acquisition, we 
performed, two days later, a second session of CPP test 
with a delay of 12h for each time-point. Results: Significant 
daily patterns could be observed in the development of 
sensitization and CPP when measured at different time-
points. However, although the peak of sensitization was 
observed at ZT22, the one for CPP was measured at 
ZT10. Moreover, the group of mice conditioned at ZT10 
was still showing the highest CPP score when mice were 
tested 12h apart from their conditioning time, thereby con-
firming the involvement of the internal state during the 
acquisition of the conditioning. Conclusions: The present 
study reveals the existence of a daily rhythm in the pro-
pensity to develop morphine-induced sensitization, as well 
as in the conditioning towards the reinforcement properties 
of morphine. Interestingly, both patterns are opposite to 
the one observed previously in cocaine-induced sensitiza-
tion and CPP.  

The intergeniculate leaflet may provide infor-
mation about the feeding condition to the su-
prachiasmatic nucleus 

Saderi N1,2, Salgado-Delgado R1,3, Basualdo 
MC1, Escobar C3, Guzmán-Ruiz MA 1, Buijs RM1 

1Instituto de Investigaciones Biomedicas, UNAM, Mexico; 
2Dipartimento di Citomorfologia, Univesita’ di Cagliari, Italy; 

3Facultad de Medicina, UNAM, Mexico 

Purpose: To investigate whether the Intergeniculate leaflet 
may provide the suprachiasmatic nucleus (SCN) informa-
tion about the metabolic state of the animal. The hypothe-
sis of the study was that the Intergeniculate leaflet (IGL) 
may use its transmitter NPY to signal to the SCN not only 
locomotor but also metabolic information. Methods: Six 
groups (n=5) male Wistar rats were used for immunohisto-
chemical analysis of NPY under the following conditions: 
fed ad libitum; fasted for 48 hours; MSG-lesioned in the 
arcuate nucleus (ARC) and fed ad libitum; MSG-lesioned 
and 48h-fasted; electrolitic lesioned in the IGL; lesioned in 
the IGL and 48h-fasted. Results were quantified by optical 
densitometry. Results: 48h-fasting increases NPY optical 
density in the ARC, IGL and SCN, especially in the ante-
rior part of the nucleus. Since part of the NPY innervation 
may originate from the ARC, the effect of a lesion of one 
of the two nuclei was analyzed under ad libitum and fasted 
conditions. Results confirm that most of the NPY fibers in 
the SCN descend from the IGL, but also indicate that the 
increase seen after fasting originates from the IGL. In fact, 
after IGL lesion, only few NPY fibers were left in the SCN, 
and their number was not increased after fasting. Arc le-
sion, did not affect NPY presence in the SCN, both in ani-
mals with free access to food and fasted, since optical 
densitometry did not show any significant difference be-
tween the two conditions. Conclusions: It is well estab-
lished that the IGL transmits non-photic information to the 
SCN using NPY. Since the IGL receives innervations from 
the ARC, our data suggest a new role for the IGL, which is 
to transmit to the SCN information that is connected, di-
rectly or indirectly, with the feeding conditions.  

Scheduled feeding prevents internal desyn-
chrony and obesity in a model of night work in 
rats 

Salgado-Delgado R1,2, Ángeles-Castellanos 
M1, Saderi N2, Buijs R2, Escobar C1 

1Departamento de Anatomia, Fac de Medicina, UNAM; 2De-
partamento de Biologia Celular y Fisiologia, Instituto de Inves-

tigaciones Biomédicas UNAM, México DF 

Purpose: Understand the mechanisms underlying the in-
ternal desynchrony for night work and propose strategies 
to prevent this disturbance. Methods: we have developed 
an experimental model of night-work in rats based on 
schedules of forced activity. From Monday to Friday rats 
are placed for 8 hours in slow rotating wheels during their 
inactivity phase (from 9 AM to 5 PM). During the remaining 
hours of the day and during weekends rats are returned to 
their individual home cages placed in a monitoring system 
in order to register their activity, and their feeding patterns, 
besides monitoring the metabolic, and temperature 
rhythms  and body weigh. Results: After 4 weeks under 
this “working” schedule rats diminished their nocturnal 
activity and voluntarily shifted their food ingestion towards 
“working” hours. Metabolic rhythms were dampened or 
uncoupled from the suprachiasmatic nucleus (SCN) activ-
ity, which remained fixed to the LD cycle and promotes 
increased body weight and abdominal fat accumulation. 
Since feeding schedules are a strong entraining signal for 
metabolism and behavior, we explored whether the 
changed feeding patterns developed by working rats could 
have promoted the internal desynchrony. Feeding re-
stricted to the dark phase (the normal activity phase) re-
verted  all metabolic disturbances to the normal range and 
prevented body weight increase and abdominal fat accu-
mulation, demonstrating the important contribution of feed-
ing habits to prevent internal desynchrony and obesity in 
the night worker. Conclusions: Our study demonstrates 
the relevance of feeding schedules to prevent circadian 
misalignment in the night worker and may well explain 
metabolic disturbances arising from disturbed feeding pat-
terns  

Supported by CONACyT 43950 and 82462 and PAPIIT- UNAM IN203907 

Critical role of dorsomedial hypothalamus 
(DMH) in light-induced but not feeding-induced 
entrainment of liver circadian rhythm in 
Per2::luc knock-in mouse 

Tahara Y1, Hirao A1, Moriya T2, Kudo T3, Shi-
bata S1 

1Department of Physiology and Pharmacology, School of Ad-
vanced Science and Engineering, Waseda Univ, Tokyo, Japan;  
2Department of Cellular Signaling, Graduate School of Phar-

maceutical Sciences, Tohoku University, Sendai, Japan;  
3Department of Psychiatry, University of California–Los An-

geles, 760 Westwood Plaza, Los Angeles, CA, USA 

Purpose: The role of the DMH - the brain area responsible 
for restricted feeding-induced anticipatory activity rhythm - 
in the entrainment of the peripheral circadian clock was 
examined. Methods: Mice were thermally lesioned on the 
hypothalamus including DMH or sham operated, and then 
were restricted their feeding time in the daytime or ex-
posed from a LD to the dark-light (DL) cycle. After sacrifice 
we examined the liver Per2 rhythm by using 
Per2::luciferase knock-in mice. Results: A lesion on the 
DMH significantly reduced the restricted-feeding-induced 
anticipatory activity rhythm, but did not affect the entrain-
ment of the liver Per2 rhythm. In sham-operated mice, 
change from a LD to the DL cycle reversed the peak of the 
liver Per2 rhythm as well as the locomotor activity, and 
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feeding rhythms within two weeks following changes in LD 
condition. On the other hand, lesioned animals sustained 
a delay in the re-entrainment of the liver Per2 rhythm 
phase as well as in activity and feeding rhythms. However, 
within four weeks, DMH-lesioned mice showed a new 
phase identical with sham-operated mouse. Simultaneous 
changes to lighting conditions (i.e., from LD to DL cycle) 
and feeding conditions (i.e., from ad lib feeding to early 
light period) caused a rapid entrainment of liver Per2 
rhythm within two weeks. Conclusions: The present re-
sults clearly demonstrate that the hypothalamus including 
DMH is an important brain area vis-à-vis light signal-
induced entrainment of the liver clock, but not for re-
stricted feeding-induced entrainment therein. Thus, DMH 
areas may relay LD signals to the liver from the suprachi-
asmatic nucleus. 

Synchronization of the locomotor activity 
rhythm to the light-dark cycle is impaired by 
additive exposures to calorie restriction and 
thermal stresses in Microcebus murinus. 

Terrien J, Dal-Pan A, Aujard F 
Mécanismes Adaptatifs et Evolution, UMR CNRS/MHNH 

7179, Brunoy, France 

Purpose: Calorie restriction (CR) is today well known to 
interfere with the entrainment of the biological clock. More-
over, cold and warm exposures recently appeared to po-
tentially disturb the daily organization of locomotor activity 
(LA). We thus decided to investigate whether CR inter-
fered with the effects of cold and warm exposures on the 
daily rhythmicity in LA in the mouse lemur (Microcebus 
murinus). We also investigated whether these responses 
differed according to the season, since this primate exhib-
its thermoregulatory responses particularly well synchro-
nized on photoperiod. Methods: Adult mouse lemurs accli-
mated to LD10/14 or LD14/10 were exposed to 10–day 
periods at 25, 12°C and 34°C. LA rhythms were recorded 
by telemetry in animals fed either ad libitum (control diet: 
CTL) or exposed to chronic calorie restriction (CR: 70% of 
the CTL diet). Results: No diet effect on the synchroniza-
tion of the LA rhythm to lights off was observed at 25°C 
whatever the photoperiod. Synchronization was also pre-
served in CTL animals under thermal exposures, except 
for cold-exposed animals under LD 14/10 which ex-
pressed a phase advance of the rhythm. By contrast, CR 
induced significant phase advances in all conditions of 
thermal and photoperiod exposures, with a clear anticipa-
tion of lights off in all experimental conditions. Conclu-
sions: In chronically calorie-restricted animals, perturba-
tion of the synchronization of the LA rhythm on the LD 
cycle can be revealed by exposing animals to changes in 
ambient temperature. This suggests that additive ener-
getic pressure of calorie restriction and of thermoregula-
tory response to thermal stress can lead to a desynchroni-
zation of circadian rhythms. Since aging is well known to 
impair the circadian rhythmicity, it could be interesting to 
investigate the effects of age on such thermoregulatory 
responses. 

Automated physio-behavioral intra-home-cage 
phenotyping in SCA17 transgenic rats facili-
tates multidimensional recording of various ac-
tivity pattern 

Urbach YK, Raber KA, von Horsten S 

Friedrich-Alexander-University of Erlangen-Nürnberg, Franz-
Penzoldt-Center, Experimental Therapy, Germany 

Purpose: To automatically screen transgenic rats in a 
home-cage-like environment for several parameters at a 
high temporal and spatial resolution, allowing experi-
menter independent monitoring of laboratory rodents and 
avoidance of stress-artifacts, higher throughput, higher 
sensitivity of measures (online, circadian). Methods: The 
PhenoMaster system represents a modular set-up that 
measures indirect calorimetric parameters, activity, drink-
ing and feeding behavior, learning (operant wall) or wheel 
running and is based on conventional type IV Thermoplast 
cages, with each cage being equipped with the technical 
requirements to individually monitor one rat per cage at a 
time. The present system is set-up to measure 12 animals 
in parallel with high resolution for locomotor activity, O2-
consumption, CO2-production, respiratory exchange rate 
(RER) and food and water consumption. A transgenic rat 
model for Spinocerebellar Ataxia Type 17 (tgSCA17) is 
monitored repeatedly over an experimental time of 72h on 
a monthly basis across 12 months. Results: Transgenic 
animals show a reduced rearing behavior and an increase 
in the respiratory exchange rate. These differences are 
mainly seen in the dark phase of the day. Conclusion: The 
system allows for the first time a comprehensive behav-
ioral/ physiological activity pattern suitable for multivariate 
statistics and detection of novel multidimensional behav-
ioral output. 

10. Photoperiodism; Circannual rhythms; 
Hibernation and torpor 
Seasonal variation of the locomotor activity 
rhythm of Talitrus saltator from a beach in 
the gulf of Gabes (South of Tunisia) 

Ayari A, Nasri-Ammar K 
Research unit “Animal Biology and Systematic Evolutionary”, 
Faculty of Science of Tunis, University campus of Tunis El 

Manar I 2092, Tunis, Tunisia 

Purpose: to characterize the seasonal variation of the lo-
comotor activity of the supra-littoral Amphipoda Talitrus 
saltator collected from the gulf of Gabes (N 3° 52' 34.0''; E 
10° 07' 38.8'') where tides amplitude is the most important 
in the Mediterranean basin. Methods: Adult individuals 
were collected with hand, in May and October 2008. 
These individuals were transferred individually in acto-
graphs, equipped with an infra-red recording system. 
These actographs are placed during 14 days (7 days LD 
and 7 days DD) in a controlled environment cabinet able 
to control photoperiod and temperature (maintained con-

(Suite de la page 28) 

(Suite page 30) 



30 

Mars 2010 Tome 41 N° 1 

stant at 18±0.5°C). Results: The analysis of the double-
plotted actogramms, as well as the waveform per hour per 
day curves showed various types of patterns of locomotor 
activity: unimodal, bimodal and plurimodal. However, the 
unimodal pattern is the most observed during the spring 
season whatever the photoperiodic regimen imposed. 
Moreover, the Periodogramm analysis revealed an en-
dogenous circadian period (˜24h) with a circatidal compo-
nent (˜12h). In addition, the analysis of the SNR (Signal 
Noise to Ratio) of both circadian and circatidal compo-
nents showed they were better defined in spring than in 
autumn. A highly significant differences, between the two 
rhythmicities circatidal and circadian, were revealed what-
ever the season of recording. Conclusions: specimens of 
Talitrus saltator from a beach of Gabes’s gulf exhibit an 
endogenous circadian activity rhythm with circatidal com-
ponent. Moreover, this locomotor rhythm is more stable 
during the spring season. 

The role of RFRP peptides in the seasonal 
regulation of reproduction 

Ancel C1, Ansel L1, Mikkelsen JD2, Simon-
neaux V1 

1INCI, Département de Neurobiologie des Rythmes, CNRS 
UPR3212, Université de Strasbourg,  Strasbourg, France; 

2Neurobiology Research Unit, Copenhagen University Hospital 
Rigshospitalet, Denmark 

Purpose. RFamide-related peptide (RFRP) is the mam-
malian orthologue of avian Gonadotropin Inhibitory Hor-
mone. In rodents, it encodes two peptides, RFRP-1 and 
RFRP-3, expressed in the dorsomedial hypothalamus. In 
rats and sheep, RFRP-3 seems to play an inhibitory role 
on the reproductive system. However, in Syrian hamsters, 
the RFRP gene is strongly downregulated by melatonin in 
short photoperiod (SD), when the animals are sexually 
inactive. This data is not coherent with an inhibitory func-
tion of RFRPs. Therefore, our work aims to determine the 
role of RFRP in the seasonal regulation of reproduction in 
the Syrian hamster. Methods. To determine the physiologi-
cal effects of the peptides on the reproductive axis, tes-
ticular activity of SD hamsters was analysed after several 
weeks of central administration of RFRP-1 and RFRP-3, 
and plasma LH and FSH concentrations were measured 
after an acute central injection of RFRP-3 in LD animals. 
Furthermore, the effect of chronic peripheral injections of 
RF9, a selective NPFF receptor antagonist, was tested on 
hamsters transferred from LD to SD. Results. The chronic 
central administration of RFRP-3, but not RFRP-1, in-
creased testicular weight and plasma testosterone con-
centrations, and significantly increased the number of 
Kiss1 neurons in the arcuate nucleus. Furthermore, the 
acute central administration of RFRP-3 induced a signifi-
cant increase in LH and FSH plasma concentrations. Daily 
intraperitoneal injections of RF9 significantly reduced 
paired testes weight. Conclusions. These data show a 
stimulatory action of RFRP-3 on the reproductive function 
in the Syrian hamster, via the Kiss1 neurons of the arcuate 
nucleus promoting LH secretion. Since RFRP expression 
is modulated by melatonin, our study points to RFRP as a 
central player in the seasonal control of reproduction. 

Melatonin and testosterone dependent varia-
tions in Kiss1 expression drive seasonal   re-
production in the Syrian hamster 

Ansel L1, Bentsen AH2, Bolborea M1, Klosen 

P1, Ancel C1, Mikkelsen JD2, Simonneaux V1 
1Institut des Neurosciences Cellulaires et Intégratives 

(INCI), département de Neurobiologie des Rythmes, CNRS 
UPR3212, Université de Strasbourg, Strasbourg, France; 

2Neurobiology Research Unit, Copenhagen University Hospital 
Rigshospitalet, Denmark 

Purpose: To investigate how photoperiod, melatonin and 
testosterone regulates Kiss1 expression and determine a 
protocol of peripheral kisspeptin (Kp) administration to 
restore gonadal activity in photoinhibited hamsters. Meth-
ods: Kiss1 expression was examined by in situ hybridisa-
tion in the arcuate nucleus (Arc) and anteroventral 
periventricular nucleus (AVPV) from Syrian hamsters kept 
in various experimental conditions: 1) kept either in long 
days (LD) or short days (SD), 2) intact or castrated and 
kept in LD with a daily injection of melatonin, 3) equipped 
with testosterone implants and kept in SD. Finally, the 
effects of various protocols of long term administration of 
Kp to SD hamsters were tested. Results: Kiss1 expression 
in Arc and AVPV was markedly reduced in SD hamsters 
as compared to LD hamsters. In intact hamsters, mela-
tonin decreased Kiss1 mRNA level in both AVPV and Arc, 
whereas in castrated animals, melatonin inhibited Kiss1 
expression in Arc only. Testosterone increased Kiss1 ex-
pression in AVPV but decreased it in Arc. Finally, long 
term (4-5 weeks) administration of Kp increased testes 
weight when given as two intraperitoneal injections per 
day but not as a constant release by osmotic minipumps. 
Conclusions: Kiss1 expression in downregulated in SD 
conditions with different mechanisms. In Arc, melatonin 
inhibits Kiss1 by a direct effect on the hypothalamus 
whereas in AVPV, the decrease in Kiss1 expression de-
pends on melatonin-driven reduction of testosterone level. 
Remarkably, SD-induced gonadal regression can be re-
versed by long term repeated peripheral administration of 
Kp. Taken together, our data support the hypothesis that 
Kiss1 mediates melatonin effect on the gonadotropic axis 
of the Syrian hamster. 

Matrix metalloproteinases (MMP-3, MMP-7) 
immunoexpression in prostatic lobes of Libyan 
jird (Meriones libycus) during seasonal repro-
ductive cycle and after castration 

Belhocine M1, Gernigon-Spychalowicz T , Ex-
brayat JM3  

1Département des Sciences Agronomiques, Faculté des Scien-
ces, Université Abdelhamid Ibn Badis-Mostaganem, Mostaga-

nem, Algérie;  
2Laboratoire de Recherche sur les Zones Arides, Faculté des 

Sciences Biologiques, Alger, Algérie;  
3Université de Lyon, Laboratoire de Biologie Générale, UCLy, 

Laboratoire de Reproduction et Développement Comparé, 
EPHE, Lyon, France 

Purpose: An immunohistochemical study of matrix metal-
loproteinases (MMP-3, MMP-7) was undertaken on the 
prostatic lobes (ventral prostate and coagulating gland) of 
the Libyan jird (Meriones libycus) to verify their implication 
in cellular process of reproduction and in seasonal tissue 
remodeling observed in this gland during the seasonal 
reproductive cycle. Methods: Meriones libycus were col-
lected in breeding period (spring and early summer), in 
resting phase (late summer, autumn, winter) and from 
castrated animals during one month in the spring. The 
work was done using immunohistochemistry. Results: 
During breeding period MMP-3 (stromelysin-1) and MMP-
7 (matrilysin) were strongly immunoexpressed by epithelial 
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cells of ventral prostate, with a slight immunoexpression in 
smooth muscle cells (SMC) and without any immunolabel-
ling in the extracellular matrix (ECM) and secretion. The 
secretion produced by ventral prostate showed a granular 
texture and was dug by empty circular areas of variable 
size. A small amount of an immunolabelled secretion was 
surrounding or mixed to the secretion. This phenomenon 
reflected a detachment of secretion allowing its movement 
in the tubules. In non-breeding phase and castrated ani-
mals, the ventral prostate was extremely regressed and 
both MMPs immunoreactivities were maintained with a 
similar value in the epithelial cells and SMC. During breed-
ing period, MMP-3 and MMP-7 were immunodetected in 
epithelial cells and SMC of coagulating gland but without 
any immunostaining in the ECM. The secretion showed a 
fluid and smooth aspect and was immunostained. This 
immunoreactive pattern was similar in both sexual quies-
cent and castrated animals. Conclusions: The MMP-3 and 
MMP-7 are essential for cellular mechanisms of reproduc-
tion and seasonal tissue remodeling of the prostate. 
These enzymes are also useful to the flow of secretion in 
the ventral prostate. The steady presence of these MMPs 
during the seasonal reproductive cycle would ensure a 
rapid transition to the recrudescence of organs in active 
phase or to their regression in resting period.  

Testosterone regulates vasopressin and galanin 
expression in the bed nucleus of stria termi-
nalis’ neurons and their target areas in the 
Syrian hamster. 

Bolborea M1;2, Ansel L2, Weinert D3, 
Steinlechner S1, Pévet P2, Klosen P2 

1Tierärztliche Hochschule (TiHo), Institut für Zoologie, Han-
nover, Germany;  

2Institut des Neurosciences Cellulaires et Intégratives, Dé-
partement Neurobiologie des Rythmes, CNRS UMR7168/LC2, 

Strasbourg, France;  
3Martin Luther Universität Halle-Wittenberg, Institut für 

Biologie/Zoologie, Halle, Germany 

Purpose: We investigated whether all strains of Syrian 
hamster lack vasopressin in the Bed Nucleus of Stria Ter-
minalis (BNST). Since vasopressin BNST neurons usually 
colocalize vasopressin and galanin, and both peptides are 
usually regulated by sex steroids, we also analysed the 
effect of sex steroids on the production of galanin in 
BNST. Methods: We compared vasopressin and galanin 
expression in BNST neurons of adults’ male Syrian ham-
sters from two breeding stocks: wild animals and standard 
type. Furthermore, we investigated the effect of sex ster-
oids on galanin expression in the BNST of standard male 
Syrian hamsters. For this, four groups of hamsters were 
used:  long photoperiod (LP), short photoperiod (SP), LP 
castrated animals and SP implanted with testosterone 
capsules. mRNA levels were quantified by non radioactive 
in situ hybridization. Protein expression was analyzed by 
immunohistochemistry. Results: No vasopressin-
expressing neurones were found in BNST of wild ham-
sters and hamsters bred in our facilities. Castration and 
exposure to SP induced a two-fold reduction of galanin 
immunoreactivity and mRNA, as compared to LP ham-
sters. Conclusions: We confirmed that the absence of 
vasopressin neurones in BNST Syrian hamsters’ males is 
not restricted to animals from laboratory breeding colonies 
but also exists in wild animals. The fact that galanin ap-
pears regulated by sex steroids as vasopressin and 

galanin are in other rodent species, this reinforces the 
hypothesis that the subpopulation of galanin neurons that 
usually co-expresses vasopressin has not been pro-
grammed to do so during development. 

5-methoxytryptophol induced c-Fos expression 
dependently on season in the SCN and thalamic 
structures of the jerboas (Jaculus orientalis) 

Bouhaddou N, Lakhdar-Ghazal N 
Group of research on biological rhythm and environments, 
Department of Biology, Faculty of Sciences, Mohamed V-

Agdal University, Rabat, Morocco 

Purpose: To determine the season during which 5-
Methoxytryptophol (5-ML) exerts a control in the brain in 
relation with its control upon the reproductive function in a 
seasonal breeder the jerboa (Jaculus orientalis). Methods: 
For each season, 10 adult female jerboas captured in the 
field and maintained in natural photoperiod conditions 
received each a unique subcutaneous injection of 25 µg of 
5-ML or vehicle solution 2 h after sunrise and then were 
perfused with a fixative solution 1h30 later. Brains were 
processed for c-Fos immunocytochemistry. Results: 5-ML 
induced c-Fos expression in the paraventricular thalamic 
nucleus (PVT) and lateral habenula specifically in spring 
and summer period when the photoperiod was long. In the 
suprachiasmatic nucleus of the hypothalamus (SCN), 5-
ML induced a significant c-Fos expression in autumn. 
Conclusions: 5-ML induced differential effects on the cen-
tral structures according to seasons. 5-ML modulates SCN 
activity during the season of the maximal expression of its 
rhythm in the pineal gland when animals are sexually inac-
tive, whereas in the PVT and habenula it induced the 
maximal c-Fos expression during the period of sexual 
activity. Reproductive function of the jerboa by 5-ML would 
thus involve these structures alternatively. 

LHRH system of Jerboa (Jaculus orientalis) 
and its modulation by  photoperiod, sex hor-
mones and thyroid hormones 

Boulahrouf M, Mohammed Chekabab M, Lakh-
dar-Ghazal N 

Group of research on biological rhythms, Department of Biol-
ogy, Faculty of Sciences, University Mohamed V Agdal, Rabat, 

Morocco 

Purpose: In this work, we studied in the male Jerboa a 
hibernating and seasonally reproductive desert rodent 
species of Morocco:  the regulation of LHRH system by 
the photoperiod and its modulation by feedback from tes-
tosterone and thyroxin.   

Methods: Male Jerboas captured in their biotope were 
divided into 8 groups and then subjected to either a long 
photoperiod or a short photoperiod. Animals in LP: Con-
trols, Castrated, Thyroidectomized, Thyroidectomized and 
castrated; animals in SP: Controls, Castrated with Testos-
terone implants, Thyroxin T4 with Testosterone implants, 
Thyroxin T4. Three cerebral regions containing LHRH 
neurons were analyzed: the diagonal band of broca, the 
preoptic area, the arcuate nucleus. Results: Castration in 
long photoperiod increases the number of immunoreac-
tives cells in the preoptic area, while thyroidectomy in the 
same photoperiod enhances the number of cells in the 
preoptic area and the arcuate nucleus. Conclusions: The 
LHRH cells are under the control of the photoperiod, 
whose the action can be either direct by acting on the 
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frequency of LHRH cell hormone release or indirect by 
challenging sexual hormones such as testosterone. Also 
the thyroid hormones act on the LHRH system and are 
involved in the suppression of reproductive functions. 
These two hormonal systems are involved in the control of 
reproduction in the Jerboa, but always in relation to the 
photoperiod.   

Overwinter body temperature patterns in cap-
tive jerboas (Jaculus orientalis) 

El Ouezzani S1, Janati IA1, Magoul R1, Pévet 
P2, Saboureau M2 

1Laboratory of Neuroendocrinology and Nutritional and Cli-
matic Environment, University Sidi Mohamed Ben Abdel-

lah ,Faculty of Sciences Dhar-Mehraz,Fès-Atlas, Morocco; 
2INCI, Department of Neurobiology of Rhythms, CNRS UPR-

3212, UDS, Strasbourg, France 

Purpose: The jerboa (Jaculus orientalis) a desert rodent of 
the family of North African Dipodidae was described previ-
ously as a true hibernator but no clear reliable data exists 
in this species during winter on the daily rhythmicity of 
body temperature (Tb) and on the occurrence of torpor 
bouts. In this study, Tb patterns were determined in iso-
lated or grouped jerboas maintained in captivity under 
natural variations of light and ambient temperature (Ta). 
Methods: Tb and Ta variations were recorded (at 30-min 
intervals) with temperature loggers (iButtons). After im-
plantation of loggers in the abdominal cavity of jerboas, Tb 
was recorded during 2 consecutive years (December 2006
-April 2007 and October 2007-April 2008).Tb patterns 
were determined in isolated males and females and in a 
group (3males + 3 females). Results: During the 2 years 
study, 6/18 female jerboas showed numerous torpor bouts 
(Tb < 33°C) alternating with short euthermia from Novem-
ber to February. Torpor bouts had longer durations (mean: 
4-5 days) than periods of euthermia (1-4 days) and oc-
curred at low ambient temperature (Tas: 10.2-11.6°C). In 
the same time, only 1/12 male showed some torpors 
(max.: 2 days) occurring later (February-March) and at 
higher Tas (15.1°C). When jerboas were grouped (3 males 
+ 3 females), 2 females and all males exhibited concomi-
tant torpor bouts. If females showed longer bout durations 
and lower Tb, the longest bouts were observed in the 
males during the second half of hibernation. Conclusions: 
Females jerboa show clearly characteristics of seasonal 
hibernators when males are more reluctant to enter daily 
torpor. Much more work needs to be done to understand a 
complex regulation of hibernation in relation to sex, behav-
iour and specific environment (Ta, food availability, energy 
strategy). 

Energy-responsive expression of the melatonin-
related receptor, GPR50 

Hand L, Bechtold DA, Li J, Loudon AS 
Faculty of Life Sciences, University of Manchester, Manches-

ter,UK 

Purpose: To detail the expression of GPR50 in mouse 
tissues under normal conditions and during altered energy 
status. Methods: Genotype and feeding-state dependent 
changes in gene expression were assayed using in situ 
hybridisation, Q-PCR and immunohistochemistry.  Acute 
modulation of GPR50 expression was also examined fol-
lowing peripheral administration of energy-related signals 
(e.g. leptin).  GPR50 signalling pathways were examined 
in vitro through transient transfection in HEK293 cells. 

Results: Mice lacking GPR50 were found to be highly 
prone to torpor in response to fasting.  In wild-type mice, 
GPR50 mRNA and protein expression was localised to 
neurons in the dorsomedial nucleus of the hypothalamus 
(DMN) and tanycytes lining the 3rd ventricle.  Expression 
in both regions was down-regulated by fasting and follow-
ing 5 weeks of high-fat diet.  Furthermore, Gpr50 expres-
sion is reduced in obese ob/ob mice, but can be elevated 
to levels observed in WT mice following 5 days of leptin 
treatment. GPR50 is also expressed in important tissues 
including the liver, adipose and pancreas.  In vitro studies 
reveal that, like the melatonin receptors, GPR50 engages 
an inhibitory pathway, signalling through Gi proteins to 
reduce cAMP. Conclusions: GPR50 is expressed in key 
metabolic tissues (including the hypothalamus), and mice 
lacking this receptor exhibit altered metabolism and are 
highly prone to torpor. Therefore, GPR50 signalling is 
likely to be important in regulatory responses to altered 
energy status. 

Regulation of behavioral onset and offset by 
SCN neuronal activity levels  

Houben T, Deboer T, van Oosterhout F, Meijer 
JH 

Department of Molecular Cell Biology, Laboratory for Neuro-
physiology, Leiden University Medical Centre, Leiden, the 

Netherlands 

Purpose: We determined the level of neuronal activity in 
the suprachiasmatic nuclei that corresponds to the transi-
tion between behavioral activity and rest. We investigated 
whether this level is affected by exposure to short or long 
day photoperiods. Methods: We performed long-term re-
cordings of SCN multiple unit activity (MUA) with the aid of 
implanted micro-electrodes in parallel with the drinking 
activity in freely moving mice. The animals were kept in a 
12h:12h light-dark cycle (LD 12:12) and in short (LD 8:16) 
and long day photoperiods (LD 16:8). Results: Onsets and 
offsets of behavioral activity occurred when SCN dis-
charge was around half-maximum values. Of the onsets 
80% and of the offsets 62% occurred when SCN electrical 
activity differed less than 15% from the half-maximum 
electrical activity levels. Transitions between rest and ac-
tivity could be described by a sigmoid shaped probability 
curve with Hill coefficients of 7.0 for onsets and 5.7 for 
offsets. Exposure to short or long day photoperiods in-
duced significant alterations in the waveform of electrical 
activity but did not affect SCN electrical activity levels at 
which behavioral transitions occurred. In all photoperiods, 
the SCN signal was skewed with more rapid discharge 
changes during onsets (19% per hour) than offsets (11% 
per hour). The precision of the circadian system appears 
optimized, as transitions between behavioral activity and 
rest occur when the change in SCN electrical activity is 
maximal, both during the declining and inclining phase. 
Conclusions: The control of behavioral activity by the SCN 
can be described by a probability function around half 
maximum electrical activity levels. This function is re-
markably insensitive to environmental conditions. Coding 
for photoperiod relies on waveform changes in the SCN, 
but not on changes in the threshold levels. 

Localization of BMAL1-like immunoreactivity in 
Japanese quail brain 

Ikegami K1, Katou Y1, Higashi K1, Yoshimura 
T1,2 
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1Laboratory of Animal Physiology;  
2Avian Bioscience Research Center, Graduate School of Bioa-

gricultural Sciences, Nagoya University, Nagoya,, Japan 

Purpose: It is well established that the circadian clock is 
involved in the photoperiodic time measurement, but the 
location of the “photoperiodic clock” remains elusive. Us-
ing Japanese quail, an excellent model animal for the in-
vestigation of the photoperiodic time measurement, we 
have examined localization of BMAL1 like immunoreactiv-
ity (lir) in brain. Methods: Brains were collected every 4 h 
for semi-quantitative analysis and processed for immuno-
histochemistry using anti-chicken BMAL1 polyclonal aniti-
body. The temporal changes in the BMAL1-lir protein in 
the pineal gland, the suprachiasmatic nucleus (SCN), the 
ependymal cells (ECs), and the pars tuberalis (PT) were 
quantified with image-J (NIH) software. Results: Strong 
BMAL1-lir was observed in critical circadian pacemakers, 
the pineal gland and the medial SCN (mSCN). In the vis-
ual SCN (vSCN), very weak BMAL1-lir was confirmed. We 
also observed strong immunoreactivity in the mediobasal 
hypothalamus (MBH), including the ECs, the infundibular 
nucleus (IN), the median eminence (ME), and the adjacent 
PT, which are involved in the regulation of photoperio-
dism. Semi-quantitative analysis suggested that BMAL1-lir 
show daily fluctuation in the pineal gland, the SCN, the 
ECs, and the PT. Conclusions: Clock proteins locate not 
only in the circadian pacemakers, pineal gland and the 
SCN, but also in the key machinery regulating the photo-
periodism, the ECs and the PT. The circadian clock in the 
PT and ECs can regulate or modulate the photoperiodic 
signal transduction cascade and may be involved in 
photoperiodic time measurement. 

Kisspeptin in the brain of a desert hibernator, 
the jerboa: Effect of sex and seasons 

Janati IA1, Ansel L2, Klosen P2, Magoul R1, 
Mikkelsen JD3, Pévet P2, Simonneaux V2, EL 

Ouezzani S1 
1Laboratory of Neuroendocrinology and Nutritional and Cli-

matic Environment, Faculty of Sciences Dhar-EL Mehraz, Fez, 
Morocco;  

2INCI, Department of Neurobiology of Rhythms, Strasbourg 
France; 3Neurobiology Research Unit, Denmark 

Purpose: The jerboa ( Jaculus orientalis) is a seasonal 
rodent in which reproductive activity depends on seasons, 
being sexually active in spring-summer. Because hypotha-
lamic kisspeptin (Kp) has recently been demonstrated to 
be crucial for the regulation of reproduction, the aim of this 
study was to determine the distribution of Kp neurons in 
the brain of adult jerboa at different seasons with a special 
attention to sex differences. Methods: Expression of Kp 
was examined by immunohistochemistry using a highly 
specific polyclonal antibody (JVL-1) in male and female 
jerboas captured in the field of the Middle Atlas mountain 
(Morocco), either in early spring or autumn. Results: In 
animals captured in April, cell bodies and fibres displaying 
Kp immunoreactivity (Kp-ir) were observed within the me-
diobasal hypothalamus along its rostrocaudal extent. In 
the anteroventral periventricular nucleus, the number of 
Kp-ir neurons was notably higher in female than in male 
jerboas, while in the arcuate nucleus, a large distribution 
of kisspeptin immunoreactivity was noted in both sexes. 
The internal layer of the median eminence, site of neuro-
hormone release, exhibited a much higher density of Kp-ir 
fibers in the female as compared to male jerboas. Sea-

sonal variations in this kisspeptinergic pattern is currently 
under investigation. Conclusions: The general pattern of 
Kp-ir cells and fibers in the jerboa hypothalamus corre-
lates well with data obtained in other rodents. Strikingly, 
the number of Kp neurons in the AVPV and fibers in the 
median eminence is much higher in female as compared 
to male Jerboas indicating that this network may be impor-
tant for the ovary activity. By contrast Kp neurons of the 
ARC do not display sex differences. 

Comparison of melatonin binding sites between 
seasonal and non seasonal breeders 

Legros C1,2, Devavry S1, Malpaux B1, Chemi-
neau P1 

1UMR PRC, INRA-CNRS-Univ. F. Rabelais Tours-Haras Natio-
naux, Nouzilly, France; 

2King’s College London, Blood-Brain Barrier Group, Guy’s Cam-
pus, London, UK 

Purpose: To compare, between seasonally and non-
seasonally breeding species, the density of melatonin 
binding in the premammillary hypothalamus (PMH), a tar-
get of melatonin for the control of reproduction. Methods: 
The density of melatonin (MLT) binding was studied by 
autoradiography using 2-[125I]-MLT in 5 regions (pars 
tuberalis (PT), PMH, suprachiasmatic nucleus (SCN), hip-
pocampus and cortex; 8 brain slices by region) in sheep 
and goats (seasonal breeders) and sows, rats and cows 
(low and non-seasonal breeders), using young sexually 
mature animals (4 in each species). The same measure-
ments were made in calf and lamb brains (new-born ani-
mals, sexually immature, 4 in each group). Brain slices 
were incubated with 130pM 2-[125I]-MLT; non-specific 
binding was measured on adjacent slice in presence of 
10µM of MLT, and 2-[125I]-MLT binding was performed 
either in PBS or Tris buffer. Results: Higher binding was 
seen in Tris buffer for rats and sows, but in PBS for sheep 
and goats, and equal binding in both buffers for cows. All 
animals showed MLT binding in the PT (7 to 38fmol/
mgproteins) and in the hippocampus. Binding in the SCN 
was observed only in sows and rats. Goats and ewes 
showed the highest density of binding sites in the PMH 
and cows the lowest one (10.43±1.73, 5.57±1.58 and 
1.46±0.28fmol/mgproteins respectively, p<0.05). In the 
sow and rat, density of binding site is intermediate be-
tween that of the ewe and cow (3.44±0.44 and 2.80±2.97 
fmol/mgproteins, NS). For lambs and calves, similar re-
sults to adult animals were observed. Conclusions: Al-
though the results for the sow lie between the ewe and the 
cow, these results suggests a relationship between sea-
sonality and the density of melatonin binding sites in the 
PMH, in contrast to the PT. These results need to be ex-
tended to more species and to the wild homologues with 
seasonal reproduction. 

Hibernation: when a clock slows down? 
Malan A 

Department of Neurobiology of Rhythms, INCI, CNRS and 
University of Strasbourg, France 

Purpose: To elucidate the control of the torpor-arousal 
cycle of hibernating mammals. Methods: Analysis of pub-
lished data. Results: Throughout winter, hibernating mam-
mals alternate between long phases of torpor and short 
phases of euthermia (arousals). Torpor bout duration var-
ies with body temperature Tb and within the season. Its 
control has so far been ascribed to some sandglass-type 
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mechanism. However, the temporal organization within the 
cycle with esp. anticipatory processes hints at a control by 
a clock. That in three distinct experiments a single factor 
acts simultaneously on the durations of both phases also 
favours a common mechanism. The maximal torpor bout 
durations of 39 species (Geiser and Ruf 1995) have been 
reassessed: they are independent of body mass over at 
least 3 orders of magnitude. This is the signature of a 
clock: among all metabolic processes, only circadian and 
circannual clocks have no allometric dependence on body 
mass. Let us assume that a circadian clock (e.g. the food-
entrainable clock) has lost its temperature compensation 
in hibernators, permanently or through epigenetic sea-
sonal control. Pure temperature effects on enzymatic reac-
tions such as those of the clock machinery follow Ar-
rhenius’ law. The data of Twente et al.(1977) on bout du-
ration vs. Tb obtained over 11 years in 3 sp. of Spermo-
philus fit precisely to 3 parallel Arrhenius plots, not distin-
guishable from that of enzymes from hibernators in vitro 
(Malan, 1983). Using the parameters calculated from 
these data, one predicts that the tau of a non-
compensated circadian clock will expand from 24 h at 37°
C to 330 h at the hibernation Tb of 5°C (mean log 2.54 ± 
0.04). This does not significantly differ from the mean tor-
por bout duration of the 39 hibernating species (2.46 ± 
0.11). Conclusions: The torpor-arousal cycle of hibernating 
mammals seems to be controlled by a non-temperature-
compensated circadian clock. A torpor bout would stop 
when the circadian time reaches one circadian day, corre-
sponding at hibernation Tb to about 12 zeitgeber days. 

Seasonal differences in biological rhythms of 
Brazilian native indians 

Menna-Barreto L, Wey D  
Escola de Artes, Ciências e Humanidades, Universidade de São 

Paulo, Brazil 

Purpose: Compare summer and winter data of wrist tem-
perature and activity/rest pattern of adult indians who live 
in a settlement without electricity. Methods: Participants 
were 22 Guarani adult indians aged 18 to 80. The settle-
ment “Boa Vista” is near the Atlantic coast in southeast 
Brazil (23o21’S; 44o51’W). Photophases during data col-
lections were approximately 13h in summer and 11h in 
winter. Wrist temperature (WT) were collected every 
30min along three consecutive days with thermistors 
(Thermochron®, iButton type DS 1291H). Rest/activity 
(RA) was registered with actimeters (MicroMini Motionlog-
ger® - Ambulatory Monitoring, Inc.) for 7 consecutives 
days, in bins of 1minute. The data were analyzed with the 
COSINOR method and the parameters acrophase, ampli-
tude, MESOR were compared in two moments. The Pear-
son moment correlation test was applied to analyze the 
changes in COSINOR parameters according to age. The 
onset, offset and duration of rest between seasons were 
compared with one-way ANOVA. Results: WT: All subjects 
showed a significant circadian rhythmicity (COSINOR: 
p<0.0001). The amplitude values were higher and 
MESOR values were lower in winter than in summer. Al-
though submitted to distinct photophases, acrophase val-
ues did not differ according to season. RA: the indians 
showed a phase advance in winter compared to summer 
values (onset winter: 21h23 and onset summer: 22h42; 
F=18.69, p<0.00004) (offset winter: 06h12 and offset sum-
mer: 07h18; F=23.98, p<0.00001) without difference for 
rest duration. The phase relation between WT and RA 

varies according to the season: ??winter = 11h13 and ??
summer = 12h46. Conclusions: The adult indians showed 
WT rhythms comparable to urban populations in similar 
latitude and longitude. The RA seems linked to specific 
characteristics of Guarani routine. In winter the indians’ 
activities began near the sunrise and during summer they 
used to phase-delay their rhythms probably due to social 
demands involving nighttime activities during summer.  

Hibernation in the Algerian Hedgehog (Atelerix 
algirus) during autumn and winter 

Mouhoub-Sayah C1, Robin JP2, Pévet P3, 
Saboureau M3 

1Laboratory of Ecology and Environment, University of Bejaia, 
Algeria;  

2IPHC, Department of Ecology, Physiology and Ethology, 
CNRS UMR-7178, UDS, Strasbourg, France;  

3INCI, Department of Neurobiology of Rhythms, CNRS UPR-
3212, UDS, Strasbourg, France  

Purpose: The Algerian Hedgehog (Atelerix algirus) of 
North Africa seems to have a reduced locomotor activity 
during winter, but no data of body temperature (Tb) 
changes have been available. Methods: Tb changes in 
hedgehogs were recorded continuously with temperature 
data loggers (iButton) implanted in the abdominal cavity. 
In autumn and winter, during several years (from 2005), 
Tb was registered (every 20 min) in animals kept under (a) 
semi-natural (room with open windows) or (b) external 
environmental conditions. Results: During autumn and 
winter, the hedgehogs under semi-natural conditions 
showed numerous daily torpor bouts (Tb < 33°C) alternat-
ing with euthermia (Tb > 33°C). From mid-November to 
mid-December, torpor bouts of short amplitude occurred 
daily (duration < 12 hr). From mid-December to beginning 
of March, torpor bouts showed longer durations (mean: 4-
5 days; max. 6-7 days) in relation with short periods of 
euthermia (< 24 hr) and low ambient temperatures (Tas: 
12.0-9.7°C). In March, daily torpor bouts occurred in rela-
tion with lower Ta levels. No sex difference was evident in 
Tb patterns; although it seems that females hibernate 
more than males. In external conditions, similar patterns 
were observed with lower Tbmin (< 5°C). Conclusions: 
According to the torpor bouts observed in autumn and 
winter, Atelerix algirus is able to reduce its metabolism 
and energy expenditure when Ta decreases sharply and 
presents all the characteristics of a deep hibernator. 

Molecular mechanism of photoperiodic response 
of gonad in mice   

Ono H1, Hoshino Y1, Yasuo S2, Watanabe M1, 
Nakane Y1, Murai A3, Ebihara S4, Korf HW2, Yo-

shimura T1, 5 
1Laboratory of Animal Physiology;  

2Dr. Senckenbergische Anatomie, Institute of Anatomie II, 
Johann Wolfgang Goethe University Frankfurt, Germany 

3Laboratory of Animal Nutrition;  
4Division of Biomodeling;  

5Avian Bioscience Research Center, Graduate School of Bioa-
gricultural Sciences, Nagoya University, Japan;  

Purpose: Recent analysis on birds (Nakao et al., Nature 
2008) has revealed that long-day induced thyrotropin 
(TSH) in the pars tuberalis (PT) of the pituitary gland trig-
gers DIO2 expression in the ependymal cells (EC) of the 
hypothalamus, the process of which induces seasonal 
reproduction. In mammals, nocturnal melatonin secretion 
provides an endocrine signal of the photoperiod to the PT, 
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but the interface between melatonin signal and the TSH 
levels remains unclear. Thus, we analyzed this process 
using mice. Methods: Effect of changing daylength and 
melatonin was examined in melatonin-proficient CBA/N 
mice and melatonin-deficient C57BL/6J (B6) mice. For 
each experiment, the expression levels of TSHB (TSH 
beta subunit), CGA (TSH alpha subunit), DIO2, DIO3 were 
analyzed by in situ hybridization. TSH was injected into 
the third ventricle of short-day B6 mice and expression of 
DIO2 was analyzed. Results: Induced expression of 
TSHB, CGA, and DIO2, and reduced expression of DIO3 
was observed in melatonin-proficient CBA/N mice. These 
responses were not found in melatonin-deficient B6 mice, 
but treatment of B6 mice with exogenous melatonin 
showed similar effects on the expression of the genes. 
ICV injection of TSH induced DIO2 expression dose 
dependently. Finally, we showed that melatonin admini-
stration did not affect the expression of abovementioned 
genes in TSHR-KO mice. Conclusions: Although most 
mouse strains are considered to be nonseasonal, a robust 
photoperiodic response comprising induced expression of 
the genes participating in photoperiodic signal transduc-
tion were detected. Our study has shown that mice can be 
a new model animal for studying molecular mechanism of 
photoperiodic response.  

Strain dependent influence of photoperiod on 
emotional state in mice 

Pallage V1, Sage D2, Saboureau M2, Challet E2, 
Barrot M1, Freund-Mercier M.J1, Pévet P2 

1Nociception and Pain unit;  
2Neurobiology of rhythm’s unit, CNRS UPR3212, Institute for 
Cellular and Integrative Neurosciences, Strasbourg, France 

Purpose: To examine whether photoperiod affected anx-
ious and/or depressive-like behaviors in two mouse 
strains. Methods: Three weeks old C57BL/6j and CBA/j 
mice were grouped-housed under a 14:10 light-dark cycle 
with light on at 7h and light off at 21h (long photoperiod; 
LP). Three weeks after arrival, half of the mice were ran-
domly chosen for transfer in another room under a 10:14 
light-dark cycle with light on at 7h and light off at 17h 
(short-photoperiod; SP). Animals were then tested after a 
delay of 8 weeks to assess anxiety-related behavior in the 
dark/light, plus maze and novelty induced hypophagia test 
and depressive-like behavior in the forced swim test. Re-
sults: While day-light length did not affect behavioral per-
formances in C57BL/6j mice, SP conditions elicited anxio-
genic-like effects in most of these tests in CBA/j mice. 
Swim performance was not significantly affected by the 
photoperiod regimen in none of these mouse strains. Con-
clusions: These findings support the idea that emotional 
states are dependent of the photoperiodic environment. 
These responses are strain selective in mice possibly in 
relation with the presence or absence of melatonin. 

Voluntary exercise and photoperiodism in 
Phodopus sungorus 

Petri I1, Scherbarth F1, Steinlechner S1, Barrett 
P2 

1Institute of Zoology, University of Veterinary Medicine Han-
nover, Germany;  

2Molecular Endocrinology Group, The Rowett Institute of 
Nutrition and Health, UK 

Purpose: To study the mechanism by which voluntary 

exercise overrides photoperiod induced physiological re-
sponses. Methods: Expt 1. The effect of photoperiod on 
the activity pattern of P. sungorus with and without access 
to a running wheel (RW) was recorded by infrared motion 
detectors under natural photoperiod and ambient tem-
perature. Expt 2. Hamsters were housed in artificial SD for 
8 weeks with or without a RW. At the end of the experi-
ment food intake was measured before the hamsters were 
killed. Liver glucose and lipids were determined by a col-
orimetric assay. VGF, DIO3 and SRIF mRNA levels in the 
dmpArc, ependymal layer of the third ventricle and ARC, 
respectively, were quantified by in situ hybridization. The 
effect of photoperiod and activity on growth hormone (GH) 
was determined by Northern blot analysis, carried out on 
RNA extracted from pituitary glands. Results: Expt 1. In 
exercising hamsters the annual activity pattern showed an 
entrained and well-defined rhythm throughout the year. 
However, hamsters without a RW showed a tendency 
towards an indistinct rhythm during times of decreasing 
photoperiod in autumn and winter months. Expt 2. With 
access to a RW, the typical SD decrease in testes and 
body mass was attenuated and food intake was nearly 
doubled. SRIF gene expression was decreased and VGF 
gene expression was further increased by RW activity in 
SD, whereas DIO3 gene expression was not affected. 
Liver glucose levels were increased by RW activity and 
GH expression in the pituitary was increased in SD. Con-
clusions: The annual activity pattern and DIO3 gene ex-
pression of the RW hamsters demonstrates that the SD 
signal is perceived, but the hamsters show an altered 
physiological response. Expressions of VGF and SRIF are 
affected by RW activity. The latter may contribute to an 
increased release of GH to increase body mass, and an 
increase in GnRH might cause the delay of testes regres-
sion. 

Global timing – latitude dependent pigment pro-
duction in Neurospora crassa wild-type strains 

Radic T1, Gödel M1, Diegmann J1, Merrow M2, 
Roenneberg T1 

1Institute for Medical Psychology, Ludwig-Maximilian Univer-
sity, Goethestr. 31 Munich;  

2Dept Of Chronobiology, Biological Centre, University of 
Groningen, Postbus 14, 9750AA Haren, The Netherlands 

Light is not only the fundamental energy source for life on 
Earth but is also one of the most important environmental 
signals. As most other organisms, fungi also use light to 
synchronize their physiology and behavior to daily and 
seasonal changes in their environment. The former refers 
to entrainment of the circadian clock and the latter to pho-
toperiodism, a biological mechanism by which organisms 
can “tell“ time-of-year and can, therefore, anticipate sea-
sonal changes. 

To investigate photoperiodism on the physiological, mo-
lecular and genetic level we chose eight wild type strains 
of Neurospora crassa, a filamentous fungus, collected at 
different geographical locations: in Scotland (55°N), Italy 
(44°N), Spain (41°N), Louisiana (29°N), India (12°N), 
Costa Rica (10°N), Venezuela (5°N) and Congo (4°S). We 
developed a low-budget, automatic pigmentation assay 
that allows fast analysis, based on computerized images 
of fungal mats. 

All eight strains show a typical photoperiodic response 
curve in their pigment production, i.e., a distinct profile and 
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not a simple linear increase with increasing light exposure. 
Strains collected neat the equator – unaccustomed to lar-
ger changes in photoperiod – show strong responses in 
long photoperiods. In general, stronger responses are 
found outside range of photoperiods, the respective 
strains are used to. Neurospora strains, collected at differ-
ent latitudes, apparently “know where they come from” 
even after being in the laboratory for many years when 
tested under artificial conditions. This result indicates a 
genetic basis for the observed “photoperiodic memory”. 

Implication of Harderian glands in nycthemeral 
rhythm in two desert rodents: the diurnal  
Psammomys obesus and the nocturnal Gerbillus 
tarabulis 

Saadi-Brenkia O1, Coto-Montes A2, Bendjelloul 
M1 

1Laboratoire de Biologie et Physiologie des Organismes Equipe 
de Neurobiologie (USTHB), Algérie 

2Département de Morphologie et Biologie Cellulaire, Universi-
té d’Oviedo, Oviedo, Espagne 

Purpose: in order to determine the implication of the 
Harderian glands in circadian and seasonal rhythms in two 
desert rodents; diurnal species Psammomys obesus and 
nocturnal species Gerbillus tarabulis. Methods: Harderian 
glands (HG) of the two species were removed and fixed 
for histology and cytology, in the middle of each phase of 
both photoperiods long (LD 14:10) and short (LD 10:14). 
Results: Morphological variations according to light/dark 
rhythm are shown. The HG of diurnal species has a dark 
color du to the presence of melanin; its histology show a 
uniform epithelium with plasmatic cellular type, the lumen 
of the gland often contains porphyrins and cellular debris. 
This glandular morphology suffers a drastic change along 
dark phase during long photoperiod in this species, since 
a new cellular type appear; It is characterized by numer-
ous and large lipid droplets. The HG of nocturnal species 
has a yellowish pale color; the glandular epithelium pre-
sents two cellular types; prismatic cells similar to those 
described in Psammomys and pyramidal basal cells with-
out any contact with the glandular lumen. The lumen of the 
gland sometimes contains porphyrins and cellular debris. 
Interestingly the same change described above for diurnal 
species along dark phase during long photoperiod is ob-
served in this nocturnal species along light phase during 
short photoperiod being. This new cellular type with nu-
merous and large lipid droplets as before mentioned. Con-
clusion: The morphological variations of HG in both spe-
cies show that is light dependant; indeed, it appears more 
active in LD 14:10 for Psammomys and in LD 10:14 for 
Gerbil; that could be related to the reproductive activity of 
this animals. Melanin, porphyrin and mast cells are abun-
dant in diurnal species this is related to their habits 

The hypothalamic thyroid-axis during torpor 
and hibernation in hamsters 

Saer BRC1, Bechtold DA1, Dupré SM1, Pévet 
P2, Steinlechner S3, Loudon AS1 

1Faculty of Life Sciences, University of Manchester, UK; 
2Laboratoire de Neurobiologie des Rythmes Université L. 

Pasteur, Strasbourg, France;  
3Department of Zoology, School of Veterinary Medicine, Han-

nover, Germany 

Purpose: To examine seasonal and acute changes in thy-
roid-hormone feedback in the hypothalamus during torpor 

and hibernation in Siberian (Phodopus sungorus) and 
European (Cricetus cricetus) hamsters respectively. Meth-
ods: Brains from hamsters housed under long (LP) or 
short photoperiod (SP) were instantly frozen and stored at 
-80°C until cryosectioning. In situ hybridisation experi-
ments were undertaken using 33P radiolabelled ribo-
probes for thyrotropin releasing hormone (TRH), deiodi-
nase type II and type III (Dio2, Dio3) and monocarboxylate 
transporter 8 (MCT8). Results: The key components in-
volved in thyroid hormone signalling in the hypothalamus 
were highly localised to the ependymal layer of the 3rd 
ventricle, and showed seasonal modification in P. sun-
gorus. Specifically, Dio2 was down-regulated under SP; 
this was in contrast to Dio3 and MCT8 which were up-
regulated during SP. TRH, a major output of this pathway 
was up-regulated in the paraventricular nucleus (PVN) 
under SP and elevated further during torpor. Hypothalamic 
thyroid hormone modulation also appears to play a role 
during hibernation of C. cricetus, for example MCT8 is 
down-regulated during hibernation bouts in comparison to 
SP housed normothermic hamsters. Conclusions: Our 
data implicates an important role for thyroid hormone 
modulation in seasonal models of hypometabolism. 

Delayed response of thyrotropin-beta subunit 
gene to melatonin in the pars tuberalis Syrian 
hamsters 

Yasuo S1, Yoshimura T2,3, Ebihara S4, Korf 
HW1 

1Dr. Senckenbergische Anatomie, Institute of Anatomie II, 
Goethe-University Frankfurt, Germany;  

2Laboratory of Animal Physiology;  
3Avian Bioscience Research Center;  

4Division of Biomodeling, Graduate School of Bioagricultural 
Sciences, Nagoya University, Japan 

Purpose: In birds, long photoperiod induces the expres-
sion of thyrotropin-beta subunit (TSHb) in the pars tuber-
alis (PT) to trigger the expression of type 2 deiodinase 
(Dio2) in the ependymal cell layer (EC) of the infundibular 
recess of the third ventricle and thereby stimulate gonadal 
axis. To address the involvement of this molecular cas-
cade in mammals, we examined the temporal expression 
of Dio2 and TSHb after melatonin injection in Syrian ham-
sters. Methods: Male 8-9 weeks old hamsters were kept 
under long-day condition (16L:8D) for 3 weeks, and then 
animals were injected with melatonin at ZT14 for 10 days. 
Animals were sacrificed at ZT9 on 1, 2, 4, 10 day after the 
onset of injection. Short-term effect was also examined 
every 6 hours during 25 hours after the first injection. Ex-
pression of TSHb and Dio2 and protein levels of TSHb 
were examined by in situ hybridization and immunohisto-
chemistry. Results: Dio2 was already suppressed 1 day 
after the first melatonin injection, whereas the expression 
of TSHb was not suppressed until 10 days after the onset 
of injection. Expression and protein levels of TSHb were 
not affected during 25 hours after the first injection, a pe-
riod which is sufficient to suppress Dio2 expression. Con-
clusion: Our results demonstrate that the melatonin-
dependent downregulation of the Dio2 expression in the 
EC occurs before the downregulation of TSHb expression. 
This suggests that Dio2 in the EC is regulated by mela-
tonin via changes in the secretion of TSHb which are inde-
pendent of transcriptional/translational regulation or via 
additional factors.  

Supported by Alfred und Gertrud Kassel-Stiftung 
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Food restriction reverses thyroid hormone sys-
tem components that drive short daylength   
induced body weight loss in the Siberian ham-
ster 

Herwig A1, Boelen A2, Morgan PJ1, Mercer 
JG1, Barrett P1 

1University of Aberdeen, UK;  
2University of Amsterdam, The Netherlands 

Purpose: To investigate how starvation interacts with pho-
toperiod on the hypothalamic thyroid hormone system, in 
a photoperiodic animal model, the Siberian hamster 
(Phodopus sungorus). Methods: Adult Siberian hamsters 
were kept in long days (LD) or short days (SD) for 8 
weeks before being starved for 48 hours. After starvation 
brains were processed for in situ hybridisation using 
probes for genes involved in a) the hypothalamic thyroid 
hormone system (deiodinase 2 and 3 (D2, D3), monocar-
boxylate transporter 8 (MCT8)), b) homeostatic response 
of the hypothalamus to starvation  (neuropeptide Y (NPY), 
thyroid releasing hormone (TRH)) and c) hypothalamic 
response to photoperiod (VGF). Serum was collected to 
determine peripheral thyroid hormones. Results: Eight 
weeks in SD induced weight loss in the hamsters. In the 
hypothalamus of the animals, anabolic D2 expression was 
decreased, catabolic D3 was induced and also thyroid 
hormone transporter MCT8 expression was increased. 
48h starvation reversed the direction of gene expression 
change for D2, D3 and MCT8 induced by SD. Serum lev-
els of T3 and T4 increased in SD and were decreased 
upon starvation. NPY in the arcuate nucleus and TRH in 
the paraventricular nucleus did not respond to photope-
riod, but increased and decreased upon starvation respec-
tively. VGF in the dmpARC increased in SD but did not 
respond to starvation. Conclusions: Thyroid hormone (T3) 
availability to the hypothalamus is an important driver of 
photoperiodically induced body weight loss in the Siberian 
hamster as well as the central response to food restriction 
in rats. Here we show that energy deprivation interacts 
with SD photoperiod on hypothalamic tanycytes to control 
components of the thyroid hormone system. The data 
point to a mechanism in which the thyroid hormone sys-
tem may act as an integrator of long term and short term 
energy challenges. 

11. Clock in real life; Sleep; Shift work 
Blue light, but not green, phase shifts human 
PER3 and melatonin rhythms in young and older 
subjects 

Ackermann K1, Sletten TL2, Revell VL, Archer 
SN, Skene DJ 

Centre for Chronobiology, FHMS, University of Surrey, Guild-
ford,  UK 

Present address: 1Dept Forensic Mol. Biol., Erasmus Univer-
sity Medical Centre, Rotterdam, The Netherlands;  

2School of Psychology, Psychiatry and Psychological Medicine, 
Monash University, Victoria, Australia. 

Purpose: The timing of PER3 clock gene expression in 
human leukocytes was investigated both before and after 
a phase-advancing light stimulus to determine whether the 
response is wavelength- and/or age-dependent. Methods: 
Eleven young (23.0 ± 2.9 years) and 15 older (65.8 ± 5.0 
years) healthy males participated in two laboratory ses-
sions including a 2 h monochromatic light pulse (~6x1013 
photons/cm2/sec), individually timed to begin 8.5 h after 
their melatonin onset determined in a prior visit. Subjects 
were exposed to blue light (?max 456 nm) in one session 
and green light (?max 548 nm) in another. Blood samples 
(30–60 min) were taken on the pre-stimulus and post-
stimulus nights for measurement of plasma melatonin and 
the clock gene PER3. RNA was extracted from whole 
blood cells and reverse transcribed for semi-quantitative 
real-time PCR. Results: We demonstrate for the first time 
that PER3 gene expression in human leukocytes is phase
-shifted following monochromatic light exposure. Subjects 
exhibited significant phase advances following blue, but 
not green, light for both PER3 gene expression and 
plasma melatonin independent of age. A significant age-
dependent decline in PER3 amplitude was also observed. 
Conclusion: These findings confirm the previously re-
ported blue light sensitivity of the circadian timing system. 
PER3 expression in leukocytes may be a reliable phase 
marker of the human circadian system, since it has a ro-
bust rhythm that can be phase-shifted by light. Simultane-
ous measurement of clock gene expression and melatonin 
from blood samples would allow responses in both the 
central and a peripheral oscillator to be assessed. 

Supported by Marie Curie RTN grant (MCRTN-CT-2004-512362) and the 
6th Framework project EUCLOCK (018741) 

Melatonin phase, chronotype and PER3 in rela-
tion to night shift adaptation in Antarctica 

Arendt J1, Francis G2, Mottram V2, Middleton 
B1, Archer SN1, Ng L2, Bishop L2 

1Faculty of Health and Medical Sciences, University of Sur-
rey, Guildford, Surrey, UK;  

2British Antarctic Survey Medical Unit, Derriford Hospital, 
Plymouth, UK 

Purpose: Halley (750S) personnel carry out a week of 
nightshift (2100-0800h) in rotation. Most adapt to nights, 
and rate of adaptation may depend on diurnal preference 
and the related variable tandem repeat polymorphism, 
4/4, 4/5 or 5/5 in PER3. This project evaluated circadian 
phenotype and genotype in this population. Methods: 
Base personnel (N=47, 11F, 36M, 30.6?6.9 years, X?SD), 
took part in the study during 2000, 2001, 2003 & 2006.  
They completed Horne-Ostberg (HO) questionnaires and 
collected sequential urine samples for 10-12 days preced-
ing and during nightshift, to determine phase by 6-
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sulphatoxymelatonin (aMT6s, cosinor analysis). Rate of 
phase shift was derived by subtracting average acrophase 
for the days preceding nightshift from that on day 4 or 5 of 
nightshift. PER3 genotyping was according to Archer et 
al., 2003. Analysis was by linear regression. During 2003 
and 2006 extra light (Philips Lighting) was provided from 
March to October as alternating periods of 4-5 weeks 
standard white (4000K) or blue enriched (10,000K, 2003, 
17,000K, ActiViva, 2006). Results: Genotyping gave 5 x 
5/5, 24 x 4/5 and 18 x 4/4 distribution of PER3. There was 
a trend (p=0.09, excluding one outlier p=0.04) to correlate 
with chronotype (morningness with 5/5 and eveningness 
with 4/4) as expected. Using winter data only (May-
August, to avoid seasonal effects), 22 participants pro-
vided suitable data for evaluation of entrained phase and 
rate of adaptation to nightshift. HO score was strongly 
related to rate of adaptation (p=0.013) but not entrained 
phase, PER3 did not provide significant relationships. Re-
stricting data to periods of extra white light in winter (n=17, 
2 x 5/5, 10 x 4/5, 5 x 4/4), 2003 and 2006 gave similar 
results. Conclusions: In this small population HO score, 
but not PER3 genotype predicted rate of circadian adapta-
tion to nightshift. 

Effects of partial chronic sleep deprivation on 
the mouse blood coagulation cascade 

Bertolucci C1, Pinotti M2, Cavallari N1, Frigato 
E1, Branchini A2, Baba K3, Contreras-Alcantara 

S3, Paul K3, Foà A1, Bernardi F2, Tosini G3 
1Department of Biology and Evolution;  

2Department of Biochemistry and Molecular Biology, Univer-
sity of Ferrara, Italy;  

3Neuroscience Institute, Morehouse School of Medicine, At-
lanta, USA 

Purpose: Our previous work has demonstrated the pres-
ence of a circadian rhythm in FVII activity in the mouse 
and established that FVII is a clock controlled gene since 
its rhythmic transcription is directly controlled by the cir-
cadian clock via the BMAL1:CLOCK and BMAL1:NPAS2 
complexes. In the present investigation we studied the 
influence of partial chronic sleep deprivation (PSD) on 
factor VII (FVII) and thrombin generation. Methods: We 
measured FVII and thrombin generation (intrinsic and ex-
trinsic pathways) levels in the blood of mice (C57BL/6J 
strain) subjected to PSD using fluorogenic substrates. In 
the PSD protocols mice were only allowed to sleep for 4-
hours a day in the first part of the light phase (ZT0-4). 
Mice were subjected to 3 or 7 days of PSD and to 7 days 
of PSD followed by a recovery in normal condition for 3 
days. Blood was collected at ZT1. Results: After 3 days of 
PSD thrombin generation levels upon either extrinsic or 
intrinsic activation of the coagulation cascade were not 
significantly different with respect to the control mice. Con-
versely, after 7 days of PSD thrombin generation levels 
upon extrinsic activation were significantly reduced (about 
30%) in PSD mice. These observations suggest that PSD 
conditions mainly affect levels of coagulation factors in-
volved in the extrinsic pathway. Therefore, we tested FVII 
activity in mouse plasma. After 3 or 7 days of PSD FVII 
activity levels were significantly reduced in PSD mice 
(about 30% and 50%, respectively) as compared to con-
trols. Thrombin generation and FVII activity levels in mice 
subjected to 7 days of PSD followed by 3 days of recovery 
were not significantly different with respect to controls. 
Conclusions: Our finding indicates that PSD might affect 

the regulation of haemostatic balance. 

Effects of circadian and awakening components 
of cortisol production upon sleepiness, activa-
tion and cognitive performance: A forced de-
synchrony study 

Booij SH, Van de Werken M, De Vries B, 
Beersma DGM, Gordijn MCM 

Department of Chronobiology, Center for Life Sciences, Uni-
versity of Groningen, The Netherlands 

Purpose: Determining the role of the circadian and awak-
ening component of cortisol production in sleepiness, acti-
vation and cognitive performance immediately after awak-
ening (sleep inertia) and during the day. Methods: 9 
healthy adults (22.7 y ± 2.1) were subjected to a forced 
desynchrony protocol, composed of 6 sleep/wake cycles 
of 20 hours. Free salivary cortisol samples were taken 1, 
15, 30, 45, 60 and 90 minutes after waking up and from 
here on hourly for the remaining part of the day. At the 
same time points melatonin samples were taken to esti-
mate circadian phase. Cognitive performance tests 
(addition task and reaction time task) and subjective rat-
ings of sleepiness (KSS), and activation (Thayer) were 
obtained every 15 minutes during the first 90 minutes after 
awakening and 2-hourly during the day. Results: Prelimi-
nary results indicate that subjective ratings of sleepiness, 
and activation immediately after waking up did not differ 
under different circadian phases of cortisol production. 
During the day however, subjective sleepiness increased 
and subjective activation decreased as the circadian peak 
in cortisol production shifted to the subjective evening (anti
-phase). Conclusions: The difference in the relationship 
between cortisol and alertness ratings at waking up, as 
compared to measurements during sustained wakefulness 
suggests a complex relationship between cortisol and 
alertness. 

Supported by the 6th European Framework Program EUCLOCK. 

Can PER3 length polymorphism predict sleep 
duration in older individuals? 

Chellappa SL1, Pugin F1, Viola AU1, Archer S2, 
Dijk DJ2, Cajochen C1 

1Centre for Chronobiology, Psychiatric Hospital of the Univer-
sity of Basel, Switzerland;  

2Surrey Sleep Research Centre, University of Surrey, United 
Kingdom 

Purpose: To investigate whether sleep-wake behaviour 
patterns measured by wrist actigraphy can differ between 
older subjects homozygous for the longer allele of the 
gene PERIOD3 (PER35/5) and heterozygous (PER34/5) 
individuals. Methods: Healthy volunteers were selected on 
the basis of their genotype, irrespective of diurnal prefer-
ence or other sleep-related characteristics. Approximately, 
150 healthy older men and women (age 55-75) have been 
genotyped for the PER3 polymorphism in an ongoing 
study, thus comprising individuals homozygous for the 
longer (PER35/5) and shorter allele (PER34/4) as well as 
heterozygous individuals (PER34/5). In parallel, subjective 
assessment of sleep and chronotype was conducted using 
Pittsburgh sleep quality index (PSQI), Horne-Östberg and 
Munich Chronotype Questionnaire, Insomnia severity in-
dex and Epworth sleepiness scale. So far, 23 healthy 
older subjects completed sleep analysis by actigraphy and 
sleep diaries to characterize sleep timing during three con-
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secutive weeks. Here, we present data of 12 older partici-
pants, whose genotypes have already been characterized. 
Since only two PER34/4 subjects completed this sleep 
analysis so far, they were not included in these results. 
Results: Preliminary results on 12 healthy older subject, 
six PER35/5 subjects and six PER34/5 subjects, indicate 
no differences between the two genotypes with respect to 
age, gender, body mass index and to any of the sleepi-
ness, sleep quality, insomnia index and chronotype ques-
tionnaires. On the other hand, actiwatch analysis indicated 
highly significant differences between the two genotypes: 
PER35/5 subjects exhibited an earlier sleep time 
(p=0.0001) and shorter sleep duration (p=0.007) in com-
parison to PER34/5 subjects. Conclusions: These prelimi-
nary results indicate an association between the length of 
the PER3 polymorphism and sleep duration in older sub-
jects.  

Dream recall during a multiple nap paradigm: 
are there biological day and night differences? 

Chellappa SC, Münch M, Blatter K, Knoblauch 
V, Cajochen C 

Centre for Chronobiology, Psychiatric Hospital of the Univer-
sity of Basel, Switzerland 

Purpose: To investigate the biological day and night differ-
ences and age-related changes in dream recall, number 
of dreams and emotional domain characteristics of dream-
ing. Methods: Dream recall was investigated in 17 young 
(20–31y) and 15 older (57–74y) healthy volunteers Analy-
sis of dream recall and sleep EEG (NREM/REM sleep) 
was performed during a 40-hour multiple nap protocol 
(150 minutes of wakefulness and 75 minutes of sleep, 
thus comprising 10 naps) under constant routine condi-
tions. Dream recall was assessed at the end of each nap 
trial with the Sleep Mentation Questionnaire, which ad-
dresses recall, number and the emotional domain of 
dreaming. For the classification of biological day and 
night, a nap was classified as a night nap (biological night) 
if the melatonin concentration of the last saliva sample 
prior to the nap was above the individual mean; otherwise, 
it was classified as a day nap (biological day). Results: 
Comparisons of dream recall and number of dreams for 
both age-groups during the biological day and night indi-
cated that dream recall [rANOVA: main effect ‘age’; F(1, 
60)=11.51, p < 0.05] and number of dreams [rANOVA: 
main effect ‘age’; F(1, 60)= 8.21, p < 0.05] were signifi-
cantly higher in young individuals during subjective day in 
detriment to older subjects. Regarding the emotional com-
posite score, there were no significant subjective day/night 
differences between young and older individuals. When 
considering the time course of these dream variables, the 
significant age-related differences were mostly observed 
in naps 1, 2, 3 and 9, thus occurring exclusively during the 
biological day, when saliva melatonin was at the lowest 
levels. Conclusions: Our data suggests that dream recall 
and number of dreams varies significantly across the cir-
cadian cycle and between age groups, with older subjects 
exhibiting fewer dreams after naps scheduled during the 
biological day.  

Hypoxia-induced changes in recovery sleep and 
core body temperature after simulated long-
duration flights  

Coste O1, Van Beers P2, Touitou Y3 

1Institut de Médecine Navale du Service de Santé des Ar-
mées, Toulon, France 

2Institut de Médecine Aérospatiale du Service de Santé des 
Armées,  Brétigny-sur-Orge,  France 

3Service de Biochimie Médicale et Biologie Moléculaire, IN-
SERM U 713, Faculté de Médecine Pierre et Marie Curie, 

France 

Purpose: Fatigue and sleep disorders often occur after 
long-haul flights even when no time zones are crossed. 
Mild hypobaric hypoxia, resulting from cabin pressuriza-
tion, may contribute to this phenomenon through effects 
on circadian time structure and on recovery sleep.  Meth-
ods: In this study, the effects of two levels of hypoxia, cor-
responding to cabin altitudes of 8000 and 12,000 ft, were 
assessed. Recovery sleep and core body temperature 
(CBT), which is a classical circadian marker, were studied 
in parallel in twenty young healthy male volunteers ex-
posed for 8 h (08:00-16:00 h) in a hypobaric chamber to a 
simulated cabin altitude of 8000 ft and, 4 weeks later, 
12,000 ft. Each subject served as his own control. Sleep 
was recorded by polysomnography for three consecutive 
nights for each exposure. CBT was continuously moni-
tored by telemetry (Vitalsense) during the three corre-
sponding 24-h cycles (control, hypoxic exposure and re-
covery). Results: Our results showed significant changes 
in circadian patterns of CBT at both altitudes, suggesting 
a phase delay, and also some changes in recovery sleep 
but only at the simulated altitude of 12,000 ft. We ob-
served an increase in sleep onset latency which was posi-
tively correlated with the increase in CBT levels, during 
the first recovery night, and a decrease in the amount of 
N2 sleep, which was negatively correlated with the mid 
range crossing time, a reliable phase marker of CBT 
rhythm. Conclusions: This study confirms the impact of 
mild hypobaric hypoxia on circadian time structure during 
air flights. Mild hypoxia leads to a phase delay of CBT, 
independent of jet lag, with moderate, but significant con-
sequences on sleep during recovery. 

Study of sleep-wake cycle and chronotype in 
nursing students 

Figueiredo VN1, De Martino MMF2 
1Faculty of Medical Sciences, University of Campinas, UNI-

CAMP, Brazil 
2Nursing Department of the Faculty of Medical Sciences, 

University of Campinas (FCM/Unicamp), Brazil 

Purpose: The aim of this research was to analyze the 
sleep pattern and chronotype of the freshman students of 
the nursing undergraduate course at the University of 
Campinas – Unicamp (n=40) with a mean age of 20.58 
years. Individual patient information was obtained by us-
ing questionnaires and sleep diaries during 15 days. The 
results were as follows:  indifferent chronotype (50%), 
moderately morning type (26.47%), moderately evening 
type (20.59%) and definitely evening type (2.94%). The 
sleep quality showed regular due to frequent sleep inter-
ruptions – significant data for the locution ‘how you feel 
when you wake up’ (Anova, p=0.0067) –, and there was 
variability regarding the sleep time during weekdays. Con-
clusion: Most subjects demonstrated indifferent chrono-
type, which allows flexibility in sleep habits, collaborating 
in a certain way with students having different time periods 
to study and rest.   

Phase delaying the sleep-wake cycle reduces 
sleep onset latency in women with vascular 
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dysregulation and difficulties initiating sleep 
Gompper B1, Anders D1, Orgül S2, Flammer J2, 

Kräuchi K1 
1Thermophysiological Chronobiology, Centre for Chronobiol-
ogy, Psychiatric Hospital of the Univ. of Basel, Switzerland;  

2University Eye Clinic, Basel, Switzerland 

Purpose: Women with cold extremities (vasospastic dys-
regulation, WVD) exhibit a deranged phase angle between 
sleep-wake cycle (SWC) and circadian system which 
could be the cause of prolonged sleep onset latency 
(SOL). Aim of the study was to reduce SOL by phase de-
laying SWC by 1h changing thereby phase of entrainment. 
Methods: Subjects were 10 healthy WVD (mean±SEM; 
age: 23.7±0.8 y; BMI: 20.7±5.1) with difficulties initiating 
sleep (SOL: 26.1±1.5 min). Participants carried out a 
mixed ambulatory-/laboratory protocol (AMB/LAB) consist-
ing of a baseline (BL) and a SWC-shifted (SH) week ad-
ministered in a balanced order. Each week started with 5 
AMB days under real life situation followed by a controlled 
35-h LAB part (16-h CR-protocol before and after an 8-h 
sleep episode. Measurements: PSG; body temperatures; 
salivary melatonin concentration, MEL etc.). The only dif-
ference between BL and SH was that in the latter partici-
pants had prescribed 1-h delayed bedtimes. MEL was 
measured in LAB throughout the protocol and at home for 
one evening under dim light conditions. Results: Sleep 
duration showed no significant differences between BL 
and SH, however, sleep midpoint was significantly phase 
delayed in SH (SH: 4.13±0.13 vs. BL: 3.37±0.12 h; 
p<0.0001). SOL was significantly reduced in SH compared 
with BL (AMB: 19.0±2.2 vs. 35.6±4.6 min, p<0.009; LAB: 
9.1±1.4 vs. 16.9±2.6 min, p<0.005). Dim light melatonin 
onset did not significantly differ between SH and BL under 
both, AMB and LAB conditions. Taken together, we could 
demonstrate that phase delaying the SWC in relation to 
the circadian system by about one hour significantly re-
duces SOL in WVD. Conclusions: These findings indicate 
that an optimal phase of entrainment between SWC and 
the circadian system is crucial for a short SOL.  

Supported by SNF# 3200B0-116504 

Assessing internal time in shift-workers 
Juda MN, Vetter C, Roenneberg T 

Institute of Medical Psychology, Centre for Chronobiology, 
Ludwig-Maximilians-University, Munich, Germany 

Purpose: Establishing an algorithm that allows a reliable 
assessment of individual internal time (chronotype) in shift
-workers on the basis of self-reported sleep and wake-
behaviour. Methods: A total of 992 shift-workers filled out 
a shift-work adapted version of the MCTQ (Munich 
ChronoType Questionnaire). The following variables were 
assessed for estimating chronotype on the basis of mid-
sleep corrected for a prior accumulation of sleep deficit 
(MSFsc): mid-sleep (the midpoint between sleep onset 
and sleep end) on the respective work shifts (MSWM, 
MSWE, MSWN); mid-sleep for the respective succeeding 
free days (MSFM, MSFE, MSFN); shift-specific sleep du-
rations on work-days and on the succeeding free days.  
Results from the MCTQ were compared to a large data-
base of day-workers (n>56,000), sleep-logs (n=78) as well 
as actimetry (n=19). Results: MSFsc is very stable across 
shifts and closely matches that of day-workers, in particu-
lar MSFsc following an evening shift (MSFEsc).This sug-
gests that shift-work schedules have little impact on the 

timing of sleep on free days and that MSFsc predicts 
chronotype in shift-workers as it does in day-workers. 
MSFEsc correlates very well with results from daily sleep 
logs and actimetry phase markers. Once categorized into 
chronotypes, shift-workers show strong chronotype-
specific sleep behaviour (timing and duration of sleep) in 
the distinct shifts. Conclusion: Like in day-workers, MCTQ-
assessed MSFsc is a reliable marker for chronotype in 
shift workers. Internal time by means of MSFEsc can be 
easily assessed on the basis of a few questions, without 
any need for external interventions and environmental 
controls. 

The effect of ‘blue-enriched’ or control white 
light on sleep, mood and alertness in older   
people 

Lederle KA1, Middleton B1, Sletten TL2, Revell 
VL1, Skene DJ1 

1Centre for Chronobiology, Univ. of Surrey, Guildford, UK;  
2present address: School of Psychology, Psychiatry and Psy-

chological Medicine, Monash University, Australia 

Purpose: With age sleep problems increase and light ex-
posure is reduced. The current study aimed to assess the 
effect of control light (colour temperature 4000 K) and 
‘blue-enriched’ light (17000 K) on sleep, alertness and 
mood in older people (? 60 years) with self-reported sleep 
problems (Pittsburgh Sleep Quality Index > 5). Methods: 
Healthy volunteers (n=12; 65.3 ± 4.0 years; 7F, 5M) par-
ticipated in an 11-week at-home study (randomised, cross-
over design) and were exposed daily to the light condition 
(~ 400 lux) for 2 h in the morning and 2 h in the evening 
for 3 weeks followed by 2 weeks of washout. They com-
pleted sleep diaries, daily mood and alertness scales, and 
wore an activity monitor (Actiwatch-L) continuously. Re-
sults: Proc GLM was used to test for carry-over effects (t-
test) and to compare light conditions (corrected for base-
line). Weekly means were compared using RM one-way 
ANOVA with post-hoc Bonferroni comparison. No carry-
over effect was observed for any parameter. There were 
few statistically significant differences between the two 
light conditions, except control light produced higher acti-
graphic sleep efficiency and improved cheerfulness at 
lunchtime while ‘blue-enriched’ light significantly de-
creased sleepiness in the morning. Compared to baseline 
control light significantly improved subjective sleep effi-
ciency, reduced sleep latency and advanced subjective 
and actigraphic wake time. During washout cheerfulness 
significantly increased in the morning compared to during 
the 3 weeks of control light; and calmness improved in the 
morning and at lunchtime compared to the second week of 
control light. Conclusions: Timed light exposure, especially 
the control light, showed some beneficial effects on sleep, 
mood and alertness in older people with sleep problems. 

Funding: EU Marie Curie project; Somnia project; Philips Lighting. 

Does the chronotype classification need to be 
updated? An analysis of individuals with a   
bimodal pattern of answers to Morningness-
Eveningness questionnaire 

Martynhak BJ1, Korczak AL1, Pedrazolli M2, 
Araújo J3, Louzada FM1 
1Federal University of Paraná;  

2University of São Paulo; 3Federal University of Rio Grande 
do Norte, Brazil 
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Purpose: Traditionally, chronotype classification is based 
on a morningness-eveningness questionnaire (MEQ). It is 
implicit in the classification that indifferent individuals at-
tribute intermediate punctuations to most of the MEQ 
questions. However, a small group of intermediate indi-
viduals has a different pattern of answers. Sometimes 
they are “morning-types”(higher scores), sometimes 
“evening-types”(lower scores), resulting in an intermediate 
final score. We postulate that these individuals belong to a 
fourth class of chronotype, called bimodal. Methods: MEQ 
was applied for 1628 undergraduate students. An algo-
rithm to classify bimodal individuals according to the num-
ber of morning-type/evening-type answers was developed. 
Morning, evening, intermediate and bimodal-types (M, E, I 
and B-types, respectively) were selected for sleep/wake 
data collection, one week during school term and another 
week during vacation (n=8 for each group). Data from 
weekdays were compared by means Mann-Whitney U test 
and Wilcoxon Matched pair test. DNA samples were col-
lected in order to analyze PER3 4/5 length polymorphism 
(11 B-types). Results: During vacation, B-types woke up 
earlier (p<0.05) and showed a tendency to an earlier sleep 
onset time (p=0;06) when compared to I-types. Also, B-
types and E-types had a shorter sleep duration when com-
pared to M-types, in school term and vacation (p<0.05). 
This difference was not found when I-types were com-
pared to M-types. B-types showed a tendency to have a 
higher heterozygous frequency compared to a Brazilian 
random population (p=0.052; ?2=5.93). Conclusions: 
These preliminary results suggest that bimodal individuals 
show different responses to temporal challenges when 
compared to intermediate individuals, which could be re-
lated to molecular and/or neuroanatomical properties of 
the circadian timing system. 

A day in the life – a project of an exhibition  
Menna-Barreto L , Wey D, Cury MX  

Escola de Artes, Ciências e Humanidades, Universidade de São 
Paulo, Brazil 

Circadian rhythms are present throughout living matter, 
from procaryotes to the most complex organisms. Al-
though well known in the scientific community, facts and 
concepts of biological rhythms are poorly understood and 
frequently subject to mistifications such as the so-called 
“biorhythms”. In this communication we will present a pro-
ject of an exhibition on circadian rhythms in the human 
aimed at students and teachers of basic education. The 
general idea of the exhibition is to offer interactive infor-
mation of changes in behaviour and physiology of humans 
at different times of a 24h day. Life-size models of a family 
will be displayed along a circular path covering the 24 
hours - at each point in time models will display typical 
behaviours (such as sleep, exercise, study, work, leisure, 
etc.) and information on the underlying physiology (brain 
activity, heart beats, hormones, etc.) will be available 
through animations. A virtual exhibition will be available in 
the internet. The aim of the exhibition is to provoke self-
observations in the students and help them build a dy-
namic concept of life as a necessary complement to the 
classical view present in biology teaching - where a cell, 
for instance, is displayed immobile, devoid of life, under 
the microscope or in a picture. The project has been ap-
proved by a Brazilian science funding agency and is cur-
rently under development aiming at implementation in late 
2010, early 2011 at the science museum of the Universi-

dade de São Paulo in the city of São Paulo, Brazil. 

Human chronobiology at a tropical zone in 
South America: chronotype latitudinal cline 

Pedrazzoli M1, Duarte LL2, Areas R1, Alam M3, 
Araujo JF4, Louzada F5, Menna-Barreto L1 

1Universidade de São Paulo, São Paulo, Brazil;  
2Universidade Federal do Recôncavo da Bahia, Bahia, Brazil; 
3Universidade Federal de Pelotas, Rio Grande do Sul, Brazil; 
4Universidade Federal do Rio Grande do Norte,Natal, Brazil; 

5Universidade Federal do Paraná, Curitiba, Brazil 

Purpose: To test the hypothesis that latitude affects cir-
cadian rhythms regulation in humans. Methods: We ap-
plied an on-line version of the Horne-Östberg (HO) ques-
tionnaire in a sample of the population along all latitudinal 
cline of Brazilian territory, which ranges from the equator 
line, 0°, until about 33° south. Insolation levels per degree 
of latitude were used as marker of latitudinal cline. Re-
sults: We have analyzed HO scores and demographic 
questions from 12.884 people living in the same time 
zone. The population was relatively young; being that 
58.6% was up to 30 years old. The mean age was 31.3 ± 
10.5 yo, ranging from 18 to 75 and 69.9% were females. 
When we analyse the HO score trough the latitudinal 
cline, taking in consideration the mean insolation level,  
we can observe a clear pattern to eveningness towards 
higher latitudes or to smaller insolation levels. Conclusion: 
Our data indicates that humans are sensitive to different 
sunligth signaling given by latitude which result in a 
chronotype latitudinal cline.  

Not all adolescents are sleep deprived: a study 
on Brazilian rural populations 

Pereira EF, Louzada FM 
Federal University of Parana, Brazil 

Purpose: Several studies have shown that during week-
days adolescents generally sleep on average considera-
bly less than the recommended 9h/day. This sleep depri-
vation has been attributed in great part to a sleep phase 
delay, which occurs for biological and socio-cultural rea-
sons. The aim of this study was to depict some environ-
mental factors related to adolescents sleep length. Meth-
ods: A total of 1140 students (569 males), aged 10-19 
years, attending two schools of rural regions of Paraná 
State in southern Brazil, completed a questionnaire about 
their sleep habits. Demographic data were also obtained. 
Prevalence ratios (PR) were estimated for more than nine 
hours of sleep on weekdays. Sleep duration in adoles-
cents with and without electric lighting at home was com-
pared by means Kruskal-Wallis test. Results: Average 
sleep duration was 9.63(±1.64)h during weekdays and 
10.14(±2,42)h during weekends. The prevalence of ado-
lescents with more than nine hours of sleep during week-
days was 58.3%. On multivariate analysis, age, work and 
bedtime were factors associated with sleep duration. The 
prevalence of more than nine hours of sleep was lower in 
older students (16-17years) than in younger students (10-
11years) (PR=0.93; CI95%:0.87-0.99) and lower in work-
ers than in non-workers (PR=0.92; CI95%:0.89-0.96).  A 
one-hour delay in bedtime was associated with significant 
differences on prevalence ratios. Adolescents with later 
bedtimes (10pm) showed shorter sleep duration when 
compared to those with earlier bedtimes (9pm) (PR=0.79; 
CI95%:0.76-0.84). Adolescents without electric lighting at 
home showed longer sleep duration on weekdays 
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(p<0.001) and on weekends (p=0.01) when compared to 
those with electric lighting at home. 

Conclusions: In contrast with data previously reported, a 
high prevalence of adolescents with more than nine hours 
of sleep during weekdays was found.  Data on populations 
living in less industrialized regions reinforce the idea that 
technological advances are associated with the negative 
impact of the sleep phase delay.  

Simulated night shift work under white, yellow 
and dim light 

Van de Werken M, Giménez MC, Van Nierop LE, 
De Vries B, Beersma DGM, Gordijn MCM 

Department of Chronobiology, Center for Life Sciences, Uni-
versity of Groningen, The Netherlands 

Purpose: To investigate the effects of white, yellow and 
dim light on subjective ratings of sleepiness and activation, 
and melatonin suppression during simulated night shifts. 
Methods: 18 healthy subjects (22.7y ± 1.7) who did not 
work in night shifts during the 3 months preceding the 
study were selected and participated in a simulated night 
shift during three conditions: white, yellow and dim light. 
There was one week in between conditions to which sub-
jects were assigned in random order. Baseline measure-
ments were done during the first 2 hours of each night 
shift (21:00-23:00) during which subjects stayed in dim 
light. Subjective ratings of sleepiness (KSS) and activation 
(Thayer), and saliva samples for melatonin analysis were 
obtained each hour from 21:00 until 6:00 the next day. 
Results: Subjective ratings of sleepiness increased signifi-
cantly over time (F(7,10) = 21.38, p<0.01), but did not dif-
fer between the 3 conditions (F(2,15) = 1.73, NS), nor was 
there an interaction effect over time (F(14,3) = 0.82, NS). 
Preliminary results indicate that there are no differences in 
subjective ratings of activation, and that melatonin produc-
tion does not differ between the dim and yellow light condi-
tion while each of these two conditions do differ when 
compared to the white light condition. Conclusions: Sub-
jective ratings of sleepiness increased significantly, and 
subjective ratings of activation decreased during the night, 
but did not differ between conditions. Melatonin on the 
other hand was suppressed in the white light condition 
compared to the dim and yellow light condition. These 
preliminary results suggest that working night shifts under 
yellow light does not affect sleepiness and activation dif-
ferently than under white light, but that melatonin is less 
suppressed. This could benefit health. 

Supported by the 6th European Framework Programme EUCLOCK 

The effect of circadian phase on skin tem-
perature and sleep inertia 

Van der Zwan JE, Van de Werken M, De Vries B, 
Beersma DGM, Gordijn MCM 

Department of Chronobiology, Centre for Life Sciences, Uni-
versity of Groningen, The Netherlands 

Purpose: To investigate the relationship between sleep 
inertia and skin temperature at different circadian phases.  
Methods: Five healthy males and four healthy females 
(age 20-25) were subjected to a forced desynchrony pro-
tocol, consisting of six 20h-days in which they stayed in 
dim light (< 10 lux) during the subjective day and in dark-
ness during the subjective night. Sleep inertia severity was 
measured by subjective ratings of sleepiness (KSS) and 

activation (Thayer) at 1, 15, 30, 45, 60 and 90 minutes 
after waking up as well as every two hours during the sub-
sequent day. Distal and proximal skin temperatures were 
measured at 2 min. intervals throughout the experiment. 
Results: Preliminary results indicate circadian rhythms in 
skin temperature and subjective ratings of sleepiness and 
activation. However, the subjective ratings during sleep 
inertia were little affected by circadian phase. Skin tem-
peratures were masked due to sleep wake alternations. 
Conclusions: These preliminary results suggest that sub-
jective ratings of sleepiness and activation during sleep 
inertia are at best marginally affected by circadian phase. 
This indicates that waking up from sleep increases sleepi-
ness and decreases activation to such a degree that the 
circadian modulation of sleepiness and activation is of 
minor importance during this period. Further analyses will 
reveal whether skin temperature during sleep inertia is 
modulated by circadian phase. 

Supported by the 6th European Framework Program EUCLOCK 

Cognitive performance in shift-workers and 
internal time 

Vetter C, Juda M, Roenneberg T 
Institute of Medical Psychology, Centre for Chronobiology, 

Ludwig-Maximilians-University, Munich, Germany 

Purpose: The circadian clock modulates human physiol-
ogy, behaviour and performance. Yet, field research inves-
tigating the consequences of shift-work on human per-
formance has so far rarely considered internal time. In this 
study, we investigate cognitive performance of shift-
workers based on internal rather than on external time. 
Methods: We assessed cognitive performance, i.e. psy-
chomotor vigilance and selective visual attention, in 21 
young, rotating shift-workers in the field (every two hours 
for each shift over a course of four weeks). Daily sleep-
logs and actimetry were also assessed across the four 
week study period as well the MCTQ (Munich ChronoType 
Questionnaire). The sleep-deficit corrected mid-sleep on 
free days after evening shifts (MSFEsc) was used as a 
marker for internal time (chronotype). This marker has 
been validated by sleep logs and actimetry. Results: A 
shift-specific modulation of psychomotor vigilance speed 
and attentional performance was observed as well as a 
strong chronotype-specific difference between the partici-
pants with regard to their performance within the distinct 
shifts. Conclusions: Cognitive performance is strongly 
influenced by individual phase of entrainment 
(chronotype). This is apparent both in the laboratory and in 
real-life settings. The effects of shift-work on cognitive 
performance can only be understood in the light of internal 
time.  

Sleep and diurnal preference in type 2 diabetic 
patients 

Voinescu BI1,2, Coogan AN3, Baird A2, Thome 
J2 

1Department of Physiology, University of Medicine and Phar-
macy, Cluj-Napoca, Romania;  

2Department of Psychiatry, Institute of Life Sciences, Swan-
sea University, Swansea, United Kingdom;  

3Department of Psychology, National University of Ireland, 
Maynooth, Republic of Ireland 

Purpose: To evaluate diurnal preference and sleep pattern 
in type 2 diabetic patients. Methods: The Composite Scale 
of Morningness (CSM), the Pittsburgh Sleep Quality Index, 
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the Pittsburgh Insomnia Rating Scale (PIRS), the Multi-
fatigue Inventory, the Epworth Sleepiness Scale and the 
Beck Depression Inventory II (BDI) (all in Romanian trans-
lation) were given to diabetic patients suffering from a 
disturbed sleep pattern. Patients were recruited from out-
patient and inpatient facilities at Baia Mare County Hospi-
tal, Romania. Volunteering control subjects were recruited 
from patients’ families or acquaintances and students at-
tending the Faculty of Psychology in Cluj-Napoca. Re-
sults: 77 diabetic patients (mean age ± S.D: 58.6±15.5; 
mean body mass index 30.2±6.0) and 174 controls (mean 
age ± S.D: 34.6±15.7; mean body mass index 23.6±4.6) 
were included in this study. Diabetic patients scored sig-
nificantly higher in CSM (41.2±5.1) than controls 
(36.9±7.0). Diabetic patients also needed more time to fall 
asleep, had more disturbances during sleep, lower sleep 
efficiency and worse overall sleep quality (mean PSQI 
scores of 6.5). Sleep length however did not significantly 
differ between both groups (7 hours). Diabetic patients 
furthermore scored significantly higher in PIRS, and re-
ported higher levels of fatigue, daytime sleepiness and 
depressed mood. Conclusions: These results indicate a 
higher prevalence of individuals with “morningness” 
among diabetic patients, who, at the same time, exhibit 
more sleep disturbances. Whether morningness is a pre-
morbid trait or a characteristic of the diabetic state, needs 
to be further clarified. 

Sleep and diurnal preference in depression 
Voinescu BI1,2, Coogan AN3, Baird A2, Thome 

J2 
1Department of Physiology, University of Medicine and Phar-

macy, Cluj-Napoca, Romania;  
2Department of Psychiatry, Institute of Life Sciences, Swan-

sea University, Swansea, United Kingdom;  
3Department of Psychology, National University of Ireland, 

Maynooth, Republic of Ireland 

Purpose: To evaluate diurnal preference and sleep pattern 
in depressed patients. Methods: A questionnaire consist-
ing of the Romanian translations of the Composite Scale 
of Morningness (CSM), the Pittsburgh Sleep Quality In-
dex, the Pittsburgh Insomnia Rating Scale (PIRS), the 
Multifatigue Inventory, the Epworth Sleepiness Scale and 
the Beck Depression Inventory II was distributed to pa-
tients suffering from major depression or dystimia, at Baia 
Mare County Hospital. Control subjects were recruited 
from patients’ families or acquaintances and students at-
tending the Faculty of Psychology in Cluj-Napoca. Re-
sults: 49 depressed patients (mean age ± S.D: 44.8±19.8) 
and 174 controls (mean age ± S.D: 34.6±15.7) completed 
the survey. Depressed patients scored lower in CSM 
(35.6±8.2) compared to controls (36.9±7.0). Depressed 
patients had clear difficulties in falling asleep (about 45 
minutes, double of the controls’ time), had shorter sleep 
length (under 7 hours), more disturbances during sleep, 
lower sleep efficiency and worse overall sleep quality 
(mean PSQI scores of 8.9). They scored significantly 
higher in PIRS (more than double compared to controls) 
and accused higher levels of fatigue and daytime sleepi-
ness. Conclusions: These results confirm that depressed 
patients are more evening oriented and display more 
sleep disturbances and more severe sleep loss conse-
quences than controls. 

Spontaneous alterations in neuronal firing 
within the rat median raphe nucleus under ure-

thane anaesthesia 
Werhun K1,2, Raison S2, Pévet P2, 

Lewandowski MH1 
1Department of Neurophysiology and Chronobiology, Jagiel-

lonian University, Krakow, Poland;  
2Department of Neurobiology of Rhythm, INCI, Université de 

Strasbourg, France 

Purpose: Examine the hypothesis that individual seroton-
ergic cells could spontaneously change their mode of fir-
ing and whether these alterations are related with different 
sleep-like brain state observed under urethane anaesthe-
sia. Methods: In vivo extracellular single unit recordings 
were performed under 12:12 light/dark conditions within 
the serotonergic neurons of the median raphe nucleus 
(MRN) of urethane anesthetized rats. Putative serotoner-
gic neurons were identified on the basis of their location 
and their electrophysiological characteristics of slow regu-
lar firing with broad bi- or triphasic action potential. During 
the experiment EEG signal were monitored to verify the 
physiological state of the animals. The changes in the 
activity types were computed off-line by analysis of the 
interspike interval histograms constructed for each 100 s 
of recording. Results: Individual presumed serotonergic 
cells of the rat MRN switch their firing pattern from a par-
ticular type of activity to another. In course of long lasting 
(up to 10 hours) recordings we have found that cells dis-
playing classical clock-like pattern decreased their firing to 
become nearly quiescent, changed discharge pattern to 
less regular or started display action potential in bursting 
manner. Tendency to cease firing by regularly firing cells 
is supported by strong negative correlation between the 
regular and silent activity types. Furthermore, the different 
patterns of activity of these neurons are significantly dis-
tributed across the 24h light/dark cycle. Conclusions: The 
present data confirm formerly proposed supposition that 
individual serotonergic cells are able to switch between 
different activity patterns, earlier described as distinctive 
subpopulation of these cells. 

Circadian modulation of vigilance state episodes 
under constant sleep pressure in the rat 

Yasenkov R, Deboer T 
Laboratory for Neurophysiology, Department of Molecular 
Cell Biology, Leiden University Medical Center, Leiden, The 

Netherlands 

Purpose: Characterize the influence of the circadian clock 
on vigilance state episode frequency and duration. Meth-
ods: Rats (n=8) were implanted with EEG and EMG elec-
trodes and subsequently adapted to constant dark condi-
tions (DD) for at least 1 week. A baseline (BL) day was 
recorded followed by “short-day protocol” - 2h sleep depri-
vation followed by 2h rest for 2 days. Vigilance states 
were determined and EEG spectral analysis was per-
formed. State episode frequency and duration was deter-
mined based on episode consolidation and interruptions. 
Data from the second day in the protocol is analyzed and 
compared with baseline. Results: During the protocol the 
animals slept 7.5% less over the 24-h circadian cycle. 
Vigilance states and slow-wave activity of the NREM sleep 
EEG (SWA 1-4 Hz) were evenly distributed across the 
day. REM sleep and SWA did not show a circadian modu-
lation whereas the circadian modulation in NREM sleep 
and waking were markedly reduced. Waking and NREM 
sleep episode duration and episode frequency of all vigi-
lance states showed a circadian modulation during the 
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baseline. During the protocol episode frequencies of all 
vigilance states lost their circadian rhythm. NREM and 
REM sleep frequency increased to the highest values 
found in baseline, whereas waking frequency decreased 
to the lowest levels. REM sleep episode duration lost its 
circadian rhythm. The circadian modulation of waking epi-
sode duration remained intact except for CT20-24 where 
the duration was decreased. NREM sleep episode dura-
tion increased between CT16-18, reducing circadian am-
plitude. Conclusions: In the present protocol circadian 
modulation in sleep and waking is mainly caused by cir-
cadian modulation in vigilance state episode duration. 
Episode frequency was not under strong influence of the 
circadian clock. In contrast to humans, the influence of the 
circadian clock on REM sleep was weak compared to 
waking and NREM sleep. 

Sleep in relation to age and chronotype in Pol-
ish adolescent and adults 

Zawilska JB1, Andrzejczak D1, Woldan-Tambor 
A1, Nowak M1, Zytkowski A2 

1Department of Pharmacodynamics;  
2Department of Rehabilitation, University Hospital II, Medi-

cal University of Lodz,Poland 

Purpose: To evaluate the distribution of chronotypes and 
sleep habits by age. Methods: Studies were carried out on 
subjects classified into three age groups: below 20 yr, 21-
30 yr, and older than 31 yr. Data were collected on their 
sleep habits during workweek and free days, and on morn-

ingness-eveningness preference (Morningness-
Eveningness Questionnaire; MEQ). Results: The distribu-
tion and mean scores on the MEQ advanced toward the 
Morning type from the young to the aged group. The self-
estimated length of sleep was shorter for the Evening than 
the Morning types, especially in the adolescents. In the 
three age groups sleep duration differed markedly be-
tween workdays and free days. On average, subjects slept 
2.5 h (adolescents and young adults) and 1 h (adults >30) 
longer on free days, with extreme individuals sleeping 4 h 
on workdays and 12 h on free days. Distribution of mid-
sleep times (the midpoints between sleep onset and wake 
up) for different age groups fitted with a Gauss curve, both 
on workdays and free days. Midsleep times were signifi-
cantly delayed on free days, in age- and chronotype-
dependent manner. The biggest differences were found in 
the Evening adolescents. Conclusions: The phase of cir-
cadian rhythms had moved forward from the young to the 
aged group. Young subjects, especially the Evening types, 
may experience difficulty adjusting to early demands of the 
school/university schedule, and suffer from sleep debt that 
accumulates along the workweek. 
Supported by the grant No 503-3011-1 from the Medical University of Lodz 

(JBZ) 

12. Circadian rhythm disorders; Diseases 
and circadian rhythm alterations 
Preclinical model for the personalization of 
cancer chronotherapeutics  

Ahowesso C1, Li X M1, Guettier C2, Bareggi S3, 
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Filipski E1, Okyar A1, Zampera S4, Dulong S1, 
Hossard V1, Pirovano M3, Scaglione F3, Lévi F1 
1INSERM, U776 "Biological rhythms and cancers", Univ. Paris 

XI, Hosp. P. Brousse;  
2CHB Hosp. P. Brousse, Villejuif, France;  
3Pharmacology Dept, Univ. Milan, Italy;   

4Helios Biosystems, France  

Purpose: To identify and to characterize distinct classes of 
chronotoxicity of irinotecan (CPT11) according to gender 
and genotype in mice, as an experimental model for the 
personalization of cancer chronotherapeutics. CPT11, a 
Top1 inhibitor, is widely used against colorectal cancer, 
despite its severe toxicity which remains unpredictable 
through pharmacokinetics (PK) or pharmacogenomics 
assessments. Methods: Mice (270 ? and 270 ?) of 3 
strains (C57BL/6, B6D2F1 and B6CBAF1) aged 6-8 
weeks were synchronized with LD12: 12. They received a 
therapeutic dose of CPT11 (50 or 80 mg/kg/day x 4 days 
according to strain) at ZT 3, 7,11,15,19 or 23. Toxicity was 
evaluated with daily body weight loss. Additional studies in 
132 ? and 132 ? B6D2F1 or B6CBAF1 investigated hema-
tologic, intestinal toxicities , plasma PK of CPT11 and its 
active metabolite SN38, after CPT11 dosing at selected 
ZTs. Results: Maximum body weight loss (days 5-7) var-
ied significantly according to ZT, strain, and gender, with 
significant interactions between these factors (3-way 
ANOVA). Circadian rhythms in CPT11 toxicity were vali-
dated separately in ? or ? mice of each strain, with differ-
ent waveforms. Least toxicity, as assessed with body 
weight loss, leukopenia, bone marrow hypoplasia and 
intestinal lesions resulted from CPT11 dosing at ZT 11 
for ? B6D2F1 and at ZT 15 for ? B6D2F1 and ? or ? 
B6CBAF1. The amplitude of the 24-h tolerability rhythm 
was least in ? B6D2F1. These differences were validated 
with Hoteling-test. Chrono PK of CPT11 and SN38 ade-
quately explained chronotoxicity only in ? B6D2F1, but not 
in the other groups. Conclusions: We have identified 3 
classes of CPT11 chronotoxicity in mice, which differ with 
regard to timing and magnitude of toxicity rhythm, main 
target organ of toxicity, circadian control of drug metabo-
lism, and relevance of drug exposure for toxic outcome.  

Supported by Univ Paris Sud XI, Ass. Res. Cancer (ARC) Ile-de-France, 
E.U. (TEMPO, (Temporal genomics for tailored chronotherapeutics, LSHG-

CT-2006-037543) 

Expression and functional analysis of circadian 
genes in mouse ovaries 

Amano T1, Hatanaka Y1, Watanabe T1, Take-
moto A1, Oishi K2, Ishida N2, Kishigami S1, 

Saeki K1, Hosoi Y1, Iritani A1, Matsumoto K1 
1Department of Genetic Engineering, College of Biology-

Oriented Science and Technology, Kinki University;  
2Clock Cell Biology Research Group, National Institute of 

Advanced Industrial Science and Technology (AIST),  
Wakayama, Japan 

Purpose: To assess the presence of the circadian clock in 
ovaries and its involvement in ovulation. Methods: ICR 
wild-type and Clock mutant mice were individually housed 
under 14L/10D, and vaginal smears were checked to 
identify the estrous cycle. To study circadian ovarian oscil-
lations, right ovaries of 3 wild-type mice were collected 
every 4 h for 4 days of one estrous cycle. Real-time RT-
PCR of total RNAs extracted from ovaries was performed 
to examine expressions of circadian genes, Bmal1, Cry1, 
Cry2, Per1 and Per2. To determine the effect of the ovar-

ian circadian clock on ovulation, oocytes in the oviducts of 
3 wild-type mice and 3 Clock mutant mice were checked 
every 4 h from the pre-estrous to post-estrous stages in-
cluding ovulation time. At the same time, right ovaries and 
kidneys and blood serum were collected for analyses of 
Per2 expression and LH concentration, respectively. For 
superovulation, mice that had been injected with 10 IU 
PMSG were injected with 10 IU hCG, equal to LH surge, 
48 h after PMSG injection. Oocytes in the oviducts were 
checked at 15 and 19 h after hCG injection. Results: Cir-
cadian genes were periodically transcribed every 24 h 
during the whole estrous cycle in the ovaries. LH surge 
and ovulation occurred at 12 and 0 h and at 16 and 4 h 
after light onset in wild-type mice and Clock mutant mice, 
respectively. The expression of Per2 in the ovaries 
peaked at 16 h after light onset in wild-type and Clock 
mutant mice, although the amplitude in wild-type mice was 
2-times higher than that in Clock mutant mice. To clarify 
the LH surge effect on ovulation delay in Clock mutant 
mice, hCG was injected into PMSG-treated Clock mutant 
mice at the time of LH surge in wild-type mice, but ovula-
tion was still delayed. Conclusions: The results suggested 
the presence of an ovarian circadian clock and its impor-
tance for the mechanism of ovulation. 

Circadian rhythms in adult attention-deficit/
hyperactivity disorder 

Baird A1, Siddiqui A1, Forbes-Robertson S1, 
Voinescu BI1, Coogan AN2, Thome J1 

1Neuroscience & Molecular Psychiatry, School of Medicine, 
Swansea University, UK;  

2Department of Psychology, National University of Ireland 
Maynooth, Republic of Ireland 

Purpose: To assess circadian rhythmicity in adult ADHD 
using actigraphy, gene expression and endocrine mark-
ers. Methods: Patients (n=12) attending an adult ADHD 
outpatient clinic were recruited, as were age-matched 
controls (n=24) who also underwent screening for ADHD. 
Informed consent was received from all participants. Sub-
jects wore an ActiWatch (Cambridge Neurotechnology, 
UK) on the non-dominant wrist for a period of 7 to 14 
days. Quantitative PCR was carried out to measure gene 
expression in buccal samples. Relative expression levels 
of the circadian clock genes hPer2 and hBmal1 were ex-
amined. Salivary levels of cortisol and melatonin over a 24 
hour period were measured. Results: Preliminary results 
indicated significant differences in a number of circadian 
parameters in adult ADHD, in comparison to the healthy 
control group. The period length was significantly shorter 
in the patient group compared to the control group and the 
period deviation was significantly greater in the ADHD 
group. The relative amplitude of the rhythm, was also sig-
nificantly weakened. There was no statistically significant 
change in other circadian parameters, nor in the average 
of maximum light exposure between ADHD and control 
groups. hPer2 and hBmal1 expression were found to cy-
cle in a circadian fashion, however the rhythmic expres-
sion of hPer2 and hBmal1 were found to be significantly 
deregulated in the ADHD patient cohort. Cortisol secretion 
was shown to oscillate, peaking in the early morning in the 
majority of the control group, whereas the patient group 
exhibited varied profiles of cortisol secretion. Conclusions: 
These results provide novel, behavioural and molecular 
evidence that adult ADHD is associated with less-robust 
circadian rhythms, and that this circadian dysfunction 
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might contribute to the poor sleep patterns that are associ-
ated with adult ADHD.  

An implanted device for the adjustment of 
cancer chronotherapeutics to the patient’scir-
cadian timing system  

Beau J1, Innominato P1,2,3, Carnino S3, Lévi 
F1,2,3 

1INSERM, U776 «Rythmes Biologiques et Cancers» ; 
2AP-HP, Oncology Chronotherapy Unit, Paul Brousse hospital, 

Villejuif ; 
3Univ Paris-Sud, UMR-S0776, Orsay, France 

Purpose: Chronotherapeutics improves tolerability and 
efficacy of cancer treatments through the adjustment of 
chronomodulated drug infusions to the Circadian Timing 
System (CTS). CTS function can vary according to gen-
der, age, genotype, lifestyle, diseases and treatments. Yet 
a precise knowledge of the circadian phase is required for 
the personalization of cancer chronotherapeutics and can 
be provided by core body temperature rhythm monitoring. 
Methods: We have embedded a temperature sensor and 
an emitter into a commercially available implantable vas-
cular access port, used worldwide to deliver chemotherapy 
(Celsite, B. Braun Medical). The device (Celsite® 
Rhythm?) is associated to an external receiver worn by 
the patient and a PC software for medical decisions. No 
specific surgery is required. Results For the industrialised 
system, the emitter uses advanced technologies to mini-
mize volume (<1cm3) and to maximize lifespan (>2 y); 
resolution is 0.1°C within 35-42°C. Temperature is sam-
pled every 10 min, for detection of possible observable 
periods of 20 min in circadian components. This device 
was validated in a pilot study in a rat with simultaneous 
recording of body temperature with Celsite® Rhythm? and 
a commercially implanted sensor (Data Sciences). Conclu-
sions The device will help determine the internal circadian 
phase and CTS characteristics of individual cancer pa-
tients before, during and after the administration of cancer 
treatments. Celsite Rhythm® will be used for 1/ the rapid 
adjustment of chronotherapeutic drug delivery according 
to the CTS dynamics, 2/ the detection or monitoring of 
infectious processes, 3/ the development of real time cir-
cadian control of chronomodulated drug delivery, 4/ the 
development of a unique international prospective data 
base regarding the long term physiopathology of circadian 
function along cancer processes and their treatments. 

Supported by ARTBC International, Hosp P Brousse, Villejuif; B.Braun 
Medical, Chasseneuil (France) 

Correlation between wrist skin temperature 
circadian rhythm and ambulatory blood  pres-
sure monitoring (ABPM) 

Blázquez-Manzanera AL1, Martínez-Nicolás A2, 
Rol MA2, Madrid JA2 

1Medical Lab. Center Virgen de la Caridad, Cartagena;  
2Chronobiology Lab. University of Murcia, Spain 

Purpose: Wrist skin temperature (WT) has been proposed 
as an index for the circadian system status in normal-living 
subjects. WT increases in association with sleep and de-
creases during activity phase, following a close relation-
ship with peripheral vasodilatation. Thus, the purpose of 
this work is to determine the relationship between WT and 
blood pressure (BP) circadian rhythms. Methods: A total of 
11 voluntary subjects, aging from 21 to 60 years old par-

ticipated in this study. A wireless data logger 
(ThermoChron®, IDC S.A., Spain) was placed on the non-
dominand hand at wrist level to record skin temperature 
during five consecutive days. The ambulatory blood pres-
sure monitoring (ABPM) was determined during 48 hours 
using a BP monitor (Spacelabs® Medical), with a sampling 
rate of one measure every 20 min during the day and 
every 40 min during the night. Cosinor and non-parametric 
analysis were used to characterize WT and BP rhythms. 
Results: Our results show for the very first time simultane-
ous recordings of WT and BP. These simultaneous meas-
ures have evidenced that both variables show a significant 
inverse relationship (systolic BP vs WT, r=-0.518, 
p<0.001, diastolic BP vs WT, r=-0.451, p<0.001). In addi-
tion, both variables daily patterns showed a good correla-
tion in most subjects. Conclusion: The evident link be-
tween WT and BP rhythms turns WT into a new useful tool 
to study human pathologies related to autonomous de-
regulation such as hypertension. An adequate balance 
between sympathetic (vasoconstrictive) and parasympa-
thetic (vasodilating) activation may be a prerequisite for a 
normal circadian pattern in BP. The ability to dissipate 
heat through vasodilating skin blood vessels would be the 
link between WT and BP circadian rhythms.  

Supported by Seneca Foundation (PI/05700/07), Instituto de Salud Carlos 
III (RETICEF, RD06/0013/0019), and CICYT (BFU2007-60658/BFI), and 

LACER SA laboratories 

Identification of an activator of Kv3.1 channel 
current from Androctonus australis hector 
scorpion venom required for circadian neural 
activity 

Chatti I, Cheikh A, Benkhalifa R, El Ayeb M 
Laboratoire des Venins et Toxines, Institut Pasteur de Tunis, 

Tunis Belvédère, Tunisie 

Purpose : Lack of Kv3.1 potassium channel current leads 
to sleep-loss with increase of cortical ?-oscillations be-
sides a decrease of d-oscillations. Hence, the identification 
of a specific Kv3.1 activator seems to be important. Meth-
ods: Electrophysiological tests were performed on Kv3.1 
injected oocytes using intracellular double micro-
electrodes technique. Scorpion Venom is known to contain 
toxins that are active on voltage-gated potassium channel. 
The crude toxic material AahG50 of Androctonus australis 
hector scorpion venom was tested on Kv3.1 current, and 
then fractionated by several chromatographies purification. 
Results: Aah G50 (10 µg/ml) inhibited the potassium cur-
rent by 31%. After FPLC purification, we found that frac-
tion 8 with low molecular weight (< 4 kDa) displays an 
activating activity, at the concentration of 1µg/ml, it in-
creases K+ current amplitude by 18% (±3%). RP 18 HPLC 
of this fraction revealed the presence of four peaks that 
seem to have an effect on Kv3.1 current. Three of them (4 
µg/ml) block Kv3.1 current recorded in Xenopus oocytes 
respectively by 17, 35, and 20% and the fourth peak (10 
µg/ml) activates K+ current by 25% (n=3). Conclusions: 
The toxic fraction of Aah contains at least one peptide that 
could activate Kv3.1 channel expressed in brain regions 
involved in the modulation of the sleep–wake cycle, where 
they enable neurons to fire narrow action potentials at very 
high frequencies. 

The utility of a midday salivary melatonin 
measurement as a diagnostic test for patients 
with the Smith-Magenis Syndrome 
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Chik CL1, Rollag MD2, Duncan WC3, Smith 
ACM4 
1Dept of Medicine, Univ. of Alberta, Edmonton, AB, Canada;  

2Department of Biology, Univ. of Virginia, Charlottesville, VA;  
3NIMH, NIH, Bethesda, MD; 4Office of the Clinical Direc-

tor, NHGRI, NIH, Bethesda, MD, USA 

Purpose: To determine the utility of daytime salivary mela-
tonin as a diagnostic test in patients with the Smith-
Magenis Syndrome (SMS). Methods: Thirty individuals 
with confirmed SMS [28 with del 17p11.2 and two with the 
retinoic acid induced 1 (RAI1) gene mutation] and five 
controls were studied. Single or serial daytime salivary 
melatonin levels were measured by radioimmunoassay. 
Results: Of the 30 patients participating in the study, there 
were 13 (43%) males and 17 (57%) females. Mean age at 
the time of their initial study was 9.8 y (4.5 m to 20 y). The 
mean midday salivary melatonin level was 79.0 pg/ml in 
SMS patients, compared with 16.3 pg/ml in controls, with 
9 patients having values similar to controls. The median 
melatonin level in SMS patients was 49.0 pg/ml (first and 
third quartile values = 15.5 and 106.8 pg/ml). Twenty six 
(90%) of 29 patients had at least one value > 15.5 pg/ml, 
including 70 (78%) of 90 samples from patients with del 
17p11.2 and 1 (20%) of 5 samples from the two patients 
with the RAI1 mutation. Neither the pattern of medication 
use, nor age had an effect on daytime salivary melatonin 
levels. Using a melatonin cut off of 25 pg/ml (the highest 
melatonin value in the control subjects was 24 pg/ml), 
elevated midday melatonin level was found in 20 (69%) of 
29 SMS patients. With additional data from multiple time 
points sampling, two more patients (22 of 29, 76%) were 
found to have salivary melatonin levels above this cutoff. 
Conclusions: Although most SMS patients had elevated 
daytime salivary melatonin levels, the utility of a midday 
salivary melatonin level may be insufficient to distinguish 
patients with SMS from other conditions. Multiple sampling 
at additional time points may increase the sensitivity of a 
SMS salivary melatonin test. 

Human in vitro model of molecular chronophar-
macology of anticancer drug irinotecan 

Dulong S, Ballesta A, Cohen B, Chevalier F, 
Clairambault J, Lévi F 

INSERM, U776 Rythmes biologiques et Cancers & Université 
Paris Sud XI, Hôpital P. Brousse, Villejuif, France 

Purpose: 1) To develop in vitro models for assessing the 
chronopharmacology of anticancer drugs in human cancer 
cells;2)to determine the critical parameter values of in vitro 
chronopharmaco-kinetics and -dynamics (chronoPK-PD); 
and 3 ultimately, to design modeled optimal drug delivery 
schedules in individual patients. We probe the relevance 
of this approach for irinotecan, a topoisomerase I 
(TOPO1) inhibitor, against colorectal cancer. Methods: We 
investigated whether colorectal adenocarcinoma cells 
(Caco-2) were amenable to circadian synchronization with 
2 h-serum shock. We assessed the temporal relations 
between circadian clocks (Per2, Bmal1 and Rev-erb?) and 
irinotecan transport (ABCC1, ABCB1, ABCC2, ABCG2), 
bioactivation and detoxification (CES2, CYP3A4, UG-
T1A1) and molecular target (TOPO1). Gene expression at 
mRNA and protein levels was determined with qPCR and 
Western blots on cells sampled every 4h for 48h in 3 ex-
periments. Serum shocked cells were exposed to iri-
notecan. Parent drug and bioactive SN38 were deter-
mined with HPLC. Results: Rhythmic mRNA expression of 

clock genes Rev-erb?, Bmal1 and Per2 was demonstrated 
after serum shock (p<0.001), with mean period length of 
27.5 ? 0.3 h. The acrophase f of Rev-erb? occurred at 9.7 
h and that of Bmal1 was located 7.7 h later, at 17.4 h, a 
finding which supports the known reciprocal regulation of 
both clock genes. Rhythmic mRNA expression was lack-
ing for CES2 and ABCC1 but significantly validated for 
ABCB1 (f=15.0 h), ABCC2 (f=13.6 h), ABCG2 (f=11.9 h), 
UGT1A1 (f=12.9 h), and TOPO1 (f=13.3 h).The circadian 
transcriptional changes are being related to those in pro-
tein expression, enzymatic activities and in vitro pharma-
cokinetics. Conclusion: Synchronized human Caco-2 cells 
constitute an in vitro model for concurrent investigation of 
multiple cellular and molecular mechanisms of anticancer 
drug chronopharmacology. 

Supported by the EU (STREP TEMPO, LSHG-CT-2006-037543) 

Identification of a quantitative trait gene un-
derlying “behavioral despair” using CS mice 
with abnormal circadian rhythms  

Ebihara S1, Tomida S1, Mamiya T2, Sakamaki 
H1, Miura M3, Aosaki T3, Masuda M3, Niwa M2, 

Kameyama T4, Kobayashi J1, Iwaki Y1, Imai S1, 
Ishikawa A5, Abe K6, Yoshimura T1, Nabeshima 

T2  
1Division of Biomodeling,  

5Division of Applied Genetics and Physiology, Graduate School 
of Bioagricultural Sciences, Nagoya University;  

2Department of Chemical Pharmacology, Faculty of Pharmacy, 
Meijo University;  

3Neural Circuits Dynamics Research Group, Tokyo Metropoli-
tan Institute of Gerontology;  

4Japan Institute of Psychopharmacology;  
6RIKEN BioResource Center, Technology and Development 

Team for Mammalian Cellular Dynamics, Japan 

The CS mice exhibit several distinct phenotypes of cir-
cadian behavioral rhythms, such as a long free-running 
period, spontaneous rhythm splitting, and entrainment of 
circadian rhythms, in response to a daily restricted feeding 
schedule under constant darkness. In addition, the sleep 
properties of CS mice are distinct from those of C57BL/6J 
and C3H/He mice, which have normal circadian rhythms. 
Because many mental illnesses are associated with ab-
normalities in the circadian system and sleep pattern, we 
characterized the behavioral phenotypes in CS mice with 
a battery of behavioral tests. Among these phenotypes, 
we found that CS mice exhibit an extremely low immobility 
time (almost no immobility) in both the tail suspension test 
(TST) and forced swimming test (FST), which are widely 
used for assessing antidepressant activity and depression
-like behavior. Quantitative trait locus (QTL) mapping us-
ing CS and C57BL/6J mice revealed significant QTLs on 
chromosomes (Chrs) 4 (FST) and 5 (TST and FST). To 
identify the quantitative trait gene on Chr 5, we narrowed 
the QTL interval to 0.5 Mb using several congenic and 
subcongenic strains. Ubiquitin-specific peptidase 46 
(Usp46) with a lysine codon deletion was located in this 
region. This deletion affected nest-building, alcohol prefer-
ence, wheel-running rhythms under LD, muscimol-induced 
righting reflex, and anti-immobility effects of imipramine. 
The muscimol-induced current in the hippocampal CA1 
pyramidal neurons and hippocampal expression of the 67-
kDa isoform of glutamic acid decarboxylase significantly 
decreased in the Usp46 mutant mice. All these pheno-
types were rescued in transgenic mice with bacterial artifi-
cial chromosomes containing wild-type Usp46. Thus, 
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Usp46 affects “behavioral despair” and it is implicated in 
the regulation of GABA action. 

Effect of a cell cycle inhibitor seliciclib on en-
dogenous circadian timing system 

Filipski E1,2, Iurisci I1,2, Beau J1,2 , Hossard 
V1,2,  Meijer L3, Lévi F1,2 

1INSERM, U776, Hôpital Paul Brousse, Villejuif, France ; 
2Univ. Paris-Sud, UMR S0776, Orsay, France;  

3CNRS, USR3151, Station Biologique, Roscoff, France  

Purpose: To study the effects of seliciclib, a cyclin-
dependent kinase inhibitor with anticancer properties, on 
two circadian biomarkers, rest-activity and temperature 
rhythms. To identify the respective roles of dosing time, 
mouse strain and gender, with a perspective of personal-
ized cancer chronotherapeutics. Methods: Ninety six male 
and female B6D2F1 and B6CBAF1 mice had a tempera-
ture and activity sensor (Physio Tel, TA 10 TA-F20) im-
planted in their peritoneal cavity to monitor both variables 
every 10 min. After a week in constant darkness the mice 
received a single equitoxic dose of seliciclib: 600 mg/kg 
(B6D2F1) or 900 mg/kg (B6CBAF1) p.o. at one of 6 cir-
cadian times: CT3, 7, 11, 15, 19 or 23. Spectral analyses 
defined endogenous period t (h) and acrophase [radians 
(rd)] of thermic rhythm in each mouse during the week 
before seliciclib administration and during the week start-
ing 2 days after treatment. Results: Before seliciclib, tem-
perature t varied from 23.2 h in ?B6D2F1 to 23.5 h in ?
B6CBAF1 (p= 0.016). Seliciclib lengthened t by 0.35 h in ?
B6D2F1 and shortened it by 0.08 h in ?B6D2F1 
(strain*gender, p=0.002), irrespective of the administration 
time (p= 0.076). Seliciclib caused a phase delay, which 
was less pronounced at CT3 (0.73 rd) than at CT7 (1.5 rd) 
or CT23 (1.68 rd) (p = 0.05). Mean phase delay was 
greater in ?B6D2F1 (1.2 ± 0.1 rd) than in ?B6CBAF1 (0.5 
± 0.07 rd) (strain*gender, p = 0.001). Conclusions: Selici-
clib modifies the endogenous period and/or the phase of 
circadian coordination. This could result from its proven 
direct inhibition of casein kinase Id/e or interactions with 
other enzymatic targets under study. The circadian timing 
system constitutes a strain- and gender-dependent toxicity 
target for seliciclib. 

Supported by the EU (STREP TEMPO, LSHG-CT-2006-037543)  

Melatonin and circadian rhythms in adolescent 
idiopathic scoliosis 

Ianas O1, Chiru Anton M 2 , Vladoiu S1, Popa 
O1, Manda D1, Rosca R1  

1"C.I.Parhon" National Institute of Endocrinology, Bucharest, 
Romania 

2Districtual Emergency Hospital, Calarasi, Romania 

Adolescent idiopathic scoliosis (IS) represents the most 
frequently occurring form of scoliosis that occurs and pro-
gresses in puberty. Puberty is a developmental phase 
during which profound hormonal, physical and psychoneu-
rological changes occur. The neuroendocrine hypothesis 
involving a melatonin deficiency as the source for IS has 
generated controversies. Purpose: To determine whether 
melatonin production related to circadian rhythms of hor-
mones is altered in adolescent idiopathic scoliosis. Meth-
ods: Blood was collected every 4 h during day and 2 h 
during night of 24-h periods from fourteen patients (age 9-
18y) with idiopathic scoliosis and an age-gender matched 
control groups. Serum melatonin, cortisol, LH, FSH, E2, T, 

DHEA, androstendione, SHBG, HGH, GHBP, IGF-1, 
IGFBP-3, PTH, osteocalcin, osteoprotegerin, sRANKL 
levels were measured and statistically analyzed. The indi-
vidual profiles of circadian markers (melatonin and corti-
sol) and studied hormones were quantified by a fit cosine 
curve yielding mesor, amplitude and acrophase. Results: 
There were no statistically significant differences in the 
secretion of serum melatonin and hormones as the mean 
24-h concentrations between the patients and the control 
group. The levels of hormones in blood samples collected 
at 8 a.m. showed statistically significant differences: higher 
levels of melatonin (24.56 vs 9.56 ng/ml), LH (7.26 vs 2.48 
U/L), E2 (107.7 vs 27.6 pg/ml), IGF-1 (426 vs 245ng/ml), 
osteocalcin (174 vs 72 ng/ml) and sRANKL (3.7 vs 1.9 nM/
L) in IS group compared to controls. Cosinor analysis of 
circadian profiles of hormones showed considerable 
changes in their rhythmic secretion; there was a consider-
able dispersion of circadian phase: the acrophases oc-
curred across the day and nighttime. By affecting the syn-
chrony of coherence of the circadian system components, 
the rhythmic secretion of hormones was significantly al-
tered, probably contributing to the development of scolio-
sis. Conclusions: The results suggest that a defect in proc-
essing by the circadian system might affect the growing 
spine. More research is needed to determine the mecha-
nism whereby neuroendocrine processes of circadian 
rhythms influence the development of scoliosis. 

Tumor-associated cytokines and circadian rest/
activity rhythm in colorectal cancer patients 

Innominato PF1,2,3, Lattanzio R4, Rich T5, 
Iacobelli S4, Piantelli M4, Bjarnason G6, Boerner 
J5, Coudert B7, Focan C8, Giacchetti S1,2,3, Ga-

rufi C9d, F.Lévi 1,2,3, and the ARTBC Chrono-
therapy Group  

1AP-HP, Unité de Chronothérapie, Département de Cancérolo-
gie, Hôpital Paul Brousse, Villejuif, France; 

2INSERM, U776 «Rythmes Biologiques et Cancers», Villejuif,  
3Université Paris-Sud, UMR-S0776, Orsay, France; 

4Università G. d'Annunzio, Chieti, Italy; 
5University of Virginia, Department of Radiation Oncology, 

Charlottesville, VA, USA; 
6Toronto Sunnybrook Regional Cancer Center, ON, Canada; 

7Centre Georges-François Leclerc, Dijon, France; 
8CHC Saint-Joseph, Liège, Belgium; 
9Instituto Regina Elena, Roma, Italy 

Purpose: Proinflammatory cytokines can induce circadian 
disruption in laboratory rodents, similar to that demon-
strated in cancer pts, using rest-activity as a circadian 
biomarker. We searched for associations between dis-
rupted rhythms and serum concentrations or tumor protein 
expression levels of cytokines in two separate studies (st) 
in pts with metastatic colorectal cancer. Methods: In both 
st, rest-activity was monitored with 3d wrist-actigraphy and 
its rhythm estimated with autocorrelation coefficientr24. 
Circadian disruption corresponded to r24<0.37 (lowest 
quartile in prior large st). In st1, morning serum concentra-
tions of TGF?, TNF? and IL6 were determined with ELISA 
in 80 pts. In st2, the % labeled tumor cells for TGF?, 
TNF?, EGF, VEGF, IL6 and IL1B was scored on paraffin-
embedded samples of primary tumors in 52 pts. Results: 
In both st, half of the pts had r24<0.37. In st1, circadian 
disruption was associated with higher median values of 
TGF? (x 4.6; p=0.002), TNF? (x1.7; p=0.03) and IL6 (x1.5; 
p=0.006). In st2, circadian disruption was associated with 
higher proportions of tumor cells expressing TNF? (x4.9; 
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p=0.02). Conclusions: Tumor-associated cytokines, both 
circulating and in cancer cells, are associated with cir-
cadian disruption, as assessed with rest-activity rhythm 
monitoring in cancer patients. 

Supported by ARTBC International 

Valproic acid alters the rhythmic expression of 
PERIOD2::LUCIFERASE 

Johansson AS1, Owe-Larsson B2, Hetta J2, 
Lundkvist G1 

1Dept. of Neuroscience;  
2Dept. of clinical neuroscience, Karolinska Institutet,  

Stockholm, Sweden 

Purpose: To examine the effect of valproic acid on cir-
cadian expression of the clock gene protein PERIOD2, 
and to compare the impact of valproic acid with effects of 
lithium. Method: Fibroblasts and the SCN from transgenic 
PERIOD2::LUCIFERASE (PER2::LUC) mice were used to 
study PER2::LUC activity. Bioluminescence was recorded 
with photomultiplier assemblies in fibroblast cultures and 
organotypic SCN cultures before and after treatment with 
valproic acid or/and lithium chloride. The effect on phase, 
period and amplitude was calculated. Results: Bipolar 
disorder may involve alterations in circadian rhythmicity. 
Valproic acid (valproate) and lithium are widely used medi-
cations for treatments of bipolar disorder. Lithium has 
been shown to lengthen the period of circadian rhythms in 
several organisms. Valproic acid significantly phase 
shifted the PER2::LUC rhythm in fibroblast cultures at a 
time point corresponding to the lowest PER2 expression 
(trough), but had little or no effect when the drug was ad-
ministered at the time of highest (peak) gene expression. 
Lithium chloride did not phase shift the PER2 rhythm but 
had a lengthening effect on the PER2 period that was 
dose dependent. Furthermore, the gene expression ampli-
tude was increased by lithium. Conclusions: These results 
demonstrate that valproic acid, in contrast to lithium, can 
phase shift the clock gene rhythm at specific time points. 
This finding may in the future be important for the choice 
of drug when treating patients with bipolar disorder.  

In humans, early morning blue light exposure 
leads to age-dependent alterations in PER2 
levels 

Jud C1, Chappuis S1, Revell VL2, Sletten 
TL2,3, Saaltink DJ1,4, Cajochen C5, Skene DJ2, 

Albrecht U1 
1University of Fribourg, Unit of Biochemistry, Fribourg, Swit-

zerland;  
2Centre for Chronobiology, Faculty of Health and Medical 
Sciences, University of Surrey, Guildford, Surrey, UK;  

3Current address: Sleep and Chronobiology Research Group, 
School of Psychology, Psychiatry and Psychological Medicine, 

Monash University, Victoria, Australia;  
4Current address: Medical Pharmacology, University of Lei-

den, The Netherlands;  
5Centre for Chronobiology, Psychiatric University Clinics, 

Basel, Switzerland 

Purpose: To study the effect of light on PER2 expression 
and whether this effect is wavelength- and/or age-
dependent. Methods: Young and older participants were 
subjected to a 2-h intermittent either blue or green mono-
chromatic light pulse in the morning 8.5 h after their indi-
vidual dim light melatonin onset. Oral mucosa was sam-
pled at clock times equivalent to 0.5, 5, and 10 hours after 

light exposure on a baseline day without light exposure 
and 24 hours later on the day of light exposure. The sam-
ples were then analyzed for PER2 expression using real-
time PCR. Results: We found that PER2 was expressed 
significantly higher in young compared to older subjects 
10 hours after a blue, but not green, light pulse. Conclu-
sions: Our findings indicate that the involvement of the 
non-image-forming visual system in human circadian gene 
expression depends on age. Moreover, we demonstrate 
that human buccal samples are a valuable tool to study 
clock gene expression and the response of PER2 to light 
in humans.  

Exfoliated epithelial cells, a source of information on clock 
genes expression by preterm infants to explore the onset 
of metabolic syndrome 

Kaeffer B1 Qi H1, Matos RJB1, Legrand A1, Chauty A1, 
Darmaun D1, Morel F1, Gouthière L2, Bolanos-Jimenez 
F1, Champ M1, Rozé JC1 

1UMR 1280, Nantes; 2Lab statistiques appliqués & infor-
matique bio-médicale (Expert soft Tech.), Esvres, France 

Purpose: In translational research, ethics as well as legal 
reasons are limiting the use of biopsies in favor of non-
invasive technology like the recovery of exfoliated cells 
from digestive fluids. Our major goal is to study the link 
between perinatal denutrition and the regulation of clock 
genes. Methods: Gastric fluid aspirates were collected 
from preterm infants at day 1, 8, 15, 23 and 30 after birth 
and related to infants' growth and feeding. Exfoliated cells 
isolated according to Ped Res 2007 62: 564-569 in the 
frame of our Biocollection « Prémathèque », were enu-
merated and characterized by immunofluorescence and 
confocal imaging. In parallel experiments, time series ana-
lysed by TSA Cosinor were obtained from exfoliated buc-
cal cells of human adult volunteer and from gastric mu-
cosa of rat pups submitted to restricted/refeeding cycle to 
induce exfoliation. Results: Gastric cells were quiescent 
epithelial cell phenotypes with rare figures of apoptosis. 
On typical samples of 50 cells, 30% were expressing H+/
K+ ATPases, 7% Tryptophane Hydroxylases and 50% 
were positive for stem cell markers (Pouf5F1 (Oct4) and 
Survivin). CLOCK and NPAS2 were found both at the cy-
toplasmic and nucleus sites. Expression levels and colo-
calization with DNA-fluorochromes were quantified by 
image analyses relatively to H+/K+ ATPases and survivin 
levels. Conclusions: Our results are in favor of the expres-
sion of NPAS2 by gastric cells of preterm infants. As gas-
tric fluids are collected every 3 hours in neonatal intensive 
care unit, the technique is relevant to explore the acquisi-
tion of circadian rhythmicity by the gastric epithelium of 
preterm infants. 

Contribution of the circadian clock gene Bmal1 
in the development of dilated cardiomyopathy 

Lefta M, Esser KA 
Center for Muscle Biology, Department of Physiology, Univer-

sity of Kentucky, Lexington, KY, USA 

Purpose: Disruption of circadian rhythms, such as occur 
with shift work, sleep deprivation or jet lag, has been asso-
ciated with increased incidence of hypertension, coronary 
artery disease, dyslipidemia and other cardiovascular pa-
thologies. The goal of this project is to determine whether 
loss of the circadian clock gene, Bmal1, leads to disrup-
tions in the structural and functional integrity of cardiac 
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muscle. Methods: Transthoracic echochardiograms were 
performed on 8 week old wildtype and Bmal1 knockout 
mice. Hearts were collected for electron microscopy and 
biochemical studies. Titin isoforms were assessed using a 
vertical agarose gel system. Results: The Bmal1 knockout 
mice develop signs of dilated cardiomyopathy. Echocar-
diogram data show increased left ventricular internal di-
ameter, indicating enlargement of the left ventricle. Ejec-
tion fraction and fractional shortening are decreased, indi-
cating systolic dysfunction. Furthermore, there is progres-
sive thinning of the left ventricular posterior wall. Consis-
tent with the functional data, electron microscopy shows 
sarcomere disorganization within the cells.  This is charac-
terized by diffuse M lines and A bands, wavy Z-lines and 
asymmetrically aligned thick filaments.  At the protein 
level, there is down-regulation of the compliant N2BA and 
up-regulation of the stiff N2B titin isoforms in the left ventri-
cle of Bmal1-/- mice compared to age matched controls, 
suggesting that titin-based stiffness is increased in the 
Bmal1-/- cardiomyocytes. Conclusions: Systemic loss of 
the circadian clock gene, Bmal1, is associated with the 
development of dilated cardiomyopathy. Ongoing studies 
are directed at determining if there are additional bio-
chemical and functional indices of cardiomyopathy at the 
cellular level of the Bmal1-/- hearts. Future studies will 
determine if heart specific loss of Bmal1 leads to cardio-
myopathy or whether this complex disease is due to multi-
system dysfunction.  

Control of cancer progression through rhythmic 
induction of tumor stress genes with circadian 
meal timing 

Li XM1,2, Delaunay F3, Dulong S1,2, Claustrat 
B4, Zampera S5, Fujii Y1,2, Teboul M3, Beau 

J1,2, Lévi F1,2 
1INSERM U776 «Rythmes biologiques et cancers», Hôpital 

Paul Brousse, Villejuif, France;  
2Université Paris-Sud, UMR-S0776, Orsay, France;  
3CNRS FRE 3094, Université de Nice, Nice, France;  

4INSERM U846, Centre de Médecine Nucléaire, Hôpital Neu-
rocardiologique, Lyon, France;  

5Helios Biosciences, Créteil, France 

Purpose: To slow down cancer progression through the 
reinforcement of host and tumor circadian clocks or rhyth-
mic signaling pathways with meal timing (MT). Methods: 
Pancreatic adenocarcinoma-bearing mice were synchro-
nized with 12 hours of light/darkness. Mice were fed ad 
libitum (AL) or with MT from Zeitgeber Time (ZT) 2 to ZT6, 
with normal or fat diet. The circadian timing system was 
assessed through 1/ telemetered rest-activity and body 
temperature and 2/ liver and tumor mRNA expression, 
with qPCR for clock genes (Rev-erb?, Per2 and Bmal1) 
and clock-controlled genes (Hspa8 and Cirbp) at endoge-
nous Circadian Time (CT) 0, 4, 9, 12 or 16. Tumor gene 
expression was determined with DNA microarrays 
(Affymetrix) at CT4 and at CT16. Results: Tumor growth 
was nearly halved in mice on MT as compared to AL 
(ANOVA p=0.01), without any influence of diet (p=0.5) or 
body weight. MT significantly modified the 24-h expression 
pattern of 423 genes in tumor transcriptome, mostly in 
stress, cell cycle and metabolism domains. MT advanced 
the phases of rest-activity, body temperature and liver 
molecular clock rhythms by 8 to 12 hours. MT nearly dou-
bled the circadian amplitude of host body temperature 
(p<0.001) and induced strong rhythmic transcription of 

temperature-sensitive stress genes Hspa8 and Cirbp, two 
regulators of cell cycle and apoptosis, in tumor (p<0.01). 
Conclusions: MT inhibited tumor progression through en-
hanced host circadian coordination. MT bypassed tumor 
defective clocks and induced rhythmic stress and cell cy-
cle genes transcription in tumor. 

Supported by EU through Network of Excellence BioSim [LSHB-CT-2004-
005137] ; STREP TEMPO [LSHC-CT-2006-037543] 

Influence of light exposure on skin wrist tem-
perature rhythm in humans under free-style 
living conditions 

Martínez-Nicolás A, Ortiz-Tudela E, Madrid JA, 
Rol MA 

Chronobiology Laboratory, Department of Physiology, Univer-
sity of Murcia, Murcia, Spain 

Purpose: The increased number of pathologies associated 
to circadian disruption highlights the convenience to as-
sess the circadian system status (CSS) in humans under 
normal living conditions. In addition, modern lifestyle pro-
motes low contrast environmental conditions either in tem-
perature or light. Skin temperature measured at wrist level 
(WT) has been proposed as a new index to evaluate hu-
man CSS. Since light-dark exposure is the main synchro-
nizer of circadian rhythms to 24-h cycles, the aim of the 
present work is to determine the relationship between ac-
tual light exposure (time and intensity) and WT rhythm 
robustness. Methods: WT and light exposure of 12 healthy 
subjects were recorded during a week using two data log-
gers, Ibuttom (ThermoChron®, IDC S.A., Spain) and Hobo 
(HOBO® Pendant Temperature/Light), respectively. Re-
sults: Young adults receive only 153 ± 23 min of light ex-
posure exceeding 500 lux per day, whereas they remained 
11h and 51 ± 29 min under less than 10 lux, and 9 h and 
36 ± 27 min between 10-500 lux. An inverse relationship 
between WT and light intensity was observed, both during 
day (r= -0.769, p<0.001) and night (r= -0.974, p<0.001). 
Skin WT response to acute light exposure occurs in less 
than 10 minutes and it depends on light intensity. Conclu-
sion: The effect of circadian disruption due to improper 
timing, suboptimal spectrum or insufficient light intensity 
can be reliably evaluated when combining WT and light 
data in subjects under normal living conditions.  
Supported by Seneca Foundation (PB/43/FS/02), Instituto de Salud Carlos 
III (RETICEF, RD06/0013/0019), CICYT (BFU2007-60658/BFI), and to the 

University of Murcia for the research fellowship to AMN 

Lithium impacts on the molecular circadian 
clockwork through induction of Per2 

Meng Q, Lu W, Beesley S, Li J, Loudon AS 
Faculty of Life Sciences, University of Manchester, Manches-

ter, UK 

Purpose: Lithium has been widely used in treatment of 
Bipolar disorder, which is associated with circadian disor-
ders. Current study aims to investigate the impacts of Lith-
ium on the central and peripheral molecular oscillators and 
the underlying mechanism. Methods: Behavioural rhythms 
of WT and Rev-erba knockout mice upon Lithium treat-
ment were measured by wheel-running. Molecular 
rhythms in organotypic SCN, lung slices, primary lung 
fibroblasts (from PER2::LUC mice), and transcriptional 
rhythms for Bmal1::luc or Per2::luc (in Rat-1 cells) were 
recorded using PMT photon counting. Lithium action on 
the decay rate of PER2::LUC signal was measured follow-
ing cycloheximide treatment.  Expression of Per2 mRNA 
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was measured using Q-PCR. Results: Lithium-induced 
period lengthening of wheel-running behaviour in WT ani-
mals, but not in Rev-erba knockout mice. In addition, we 
observed dose-dependent period lengthening of 
PER2::luciferase protein cycles induced by Lithium in the 
SCN, lung and fibroblasts.  Lithium also caused signifi-
cantly elevated PER2::LUC expression and increase of 
circadian amplitude (2.7±0.25 fold) in the peripheral clocks 
(lung and fibroblasts). Upon Lithium treatment or GSK3ß 
inhibition, there were no significant changes of 
PER2::LUC decay rate, but greatly enhanced Per2 mRNA 
level (~2 fold, P<0.01), indicating that augmented PER2 
protein signal is most likely due to increased Per2 tran-
scription.  In contrast, although a selective GSK3ß inhibi-
tor also enhanced the PER2::LUC signal, circadian period 
was shortened in a dose-dependent manner, suggesting 
important differences between Lithium action and GSK3ß 
inhibition on the circadian system. Conclusions: Collec-
tively, these data demonstrate that lithium acts on the am-
plitude of the circadian PER2 signal, and we identify Per2 
mRNA as an additional target for Lithium action, through a 
mechanism which is independent of GSK3ß action. 

Activity/rest rhythm of depressed adolescents 
undergoing therapy: case studies 

Mesquita ME1, Finazzi ME1 , Duarte L²  , Fu-I L³, 
Del-Porto JA1 , Menna-Barreto L2 

1Departamento de Psiquiatria, Escola Paulista de Medicina, 
Universidade Federal de São Paulo,Escola Paulista de Medi-

cina, Departamento de Psiquiatria Brazil;  
2Departamento de Fisiologia e Biofísica, Universidade de São 

Paulo, Brazil; 
3Departamento de Psiquiatria, Faculdade de Medicina, Univer-

sidade de São Paulo, Brazil. 

Purpose: to evaluate whether there is a relationship be-
tween 24h spectral power of the activity/rest rhythm and 
the clinical course of depression in adolescents. Methods: 
Six adolescents with Major Depressive Disorder (DSM IV 
criteria) were selected using Schedule for Affective Disor-
ders and Schizophrenia for School Aged Children: Pre-
sent and Lifetime Version. Depressive symptoms were 
assessed using the Children’s Depression Rating Scale–
Revised and clinical evaluations. Locomotor activity was 
monitored over a period of thirteen consecutive weeks.  
Activity was measured during 10 minutes periods using 
wrist-worn activity monitors. Results: The measurements 
of the 24h spectral power of activity/rest data correlated 
significantly with scores of the CDRS-R (p<0.05) in five 
patients. Conclusions: The 24 h spectral power of the ac-
tivity/rest rhythm correlated significantly (negatively) with 
the clinical ratings of depression. The importance of social 
cues to entrain circadian rhythmicity and improve depres-
sive symptoms was also observed in one patient. 

Circadian abnormalities in patients with cirrho-
sis: origins and consequences 

Montagnese S1, Middleton B2, Mani AR1, 
Skene DJ2, Morgan MY1 

1Centre for Hepatology, Royal Free Campus, University Col-
lege London Medical School, London;  

2Centre for Chronobiology, Faculty of Health and Medical 
Sciences, University of Surrey, Guildford, UK 

Purpose: Sleep disturbances are common in patients with 
cirrhosis. Abnormalities in the 24-hour melatonin profile 
have also been reported, but their pathophysiology and 

their relationship to sleep-wake behaviour remain un-
known. The aim of this study was to evaluate central cir-
cadian clock function/hepatic melatonin metabolism and 
their relationship to sleep quality/timing in patients with 
cirrhosis. Methods: The study population comprised 20 
patients with cirrhosis and nine matched healthy controls. 
Plasma melatonin/cortisol were measured hourly for 24 
hours in light/posture-controlled conditions. Urinary 6-
sulphatoxymelatonin, the main melatonin metabolite, was 
measured over the same period to determine melatonin 
clearance. The ability of light to suppress nocturnal mela-
tonin synthesis was assessed to a standard protocol. 
Sleep quality/timing were evaluated using questionnaires 
and two-week monitoring with actigraphy/sleep diaries. 
Results: There was evidence of central circadian disrup-
tion in patients with cirrhosis: peak plasma melatonin/
cortisol times were delayed compared to the healthy con-
trols (04:48?02:36 vs. 02:48?00:54; p=0.01; 10:18?02:54 
vs. 08:54?01:24; p=0.06) and the melatonin response to 
light was reduced (12?19 vs. 24?15% p=0.09). In contrast, 
there was little evidence of impaired hepatic melatonin 
metabolism, with comparable 24-hour plasma clearance in 
the patients and healthy controls. However, although the 
patients showed a degree of misalignment between sleep 
and circadian phase, there was no obvious association 
between circadian abnormalities and impaired sleep qual-
ity. Conclusions: Melatonin profile abnormalities of central 
origin are observed in patients with cirrhosis but appear 
unrelated to the sleep disturbances prevalent in this pa-
tient population 

Supported by EASL Sheila Sherlock Fellowships, Stockgrand Ltd 

Amphetamine-induced change in circadian 
rhythms of  dopaminergic system in the rat   
striatum 

Mukda S1, Wongchitrat P2, Govitrapong P1,3,4 
1Center for Neuroscience, Faculty of Science, Mahidol Uni-

versity, Bangkok;  
2Department of Anatomy and Neuroscience Research Center, 
Faculty of Medicine, Srinakharinwirot University, Bangkok; 
3Department of Pharmacology, Faculty of Science, Mahidol 

University, Bangkok;  
4Neuro-Behavioral Biology Center, Institute of Science and 
Technology for Research and Development, Mahidol Univer-

sity, Salaya, Nakornpathom, Thailand 

Purpose: To investigate the possible changes in daily 
rhythm of dopaminergic system in rat striatum, a well 
known part of brain reward region, following chronic d-
amphetamine exposure. Methods: Adults male Wistar rats 
were housed under LD12:12, exposed to either saline or 5 
mg/kg d-amphetamine subcutaneously at a fixed time 
daily for 6 days and sacrificed at ZT 3, 9, 15 and 21 on 
day 7. The striatum were dissected and prepared for west-
ern blot analysis. Antibodies raised against tyrosine hy-
droxylase, the rate-limiting enzyme in dopamine synthesis, 
dopamine D1 receptor and dopamine D2 receptor were 
used. Results: Western blot analyses revealed that the 
level of tyrosine hydroxylase, dopamine D1 receptor and 
dopamine D2 receptors in the rat striatum exhibits the 
circadian pattern. Moreover, the expressions of these 
dopaminergic contents were disturbed following chronic d-
amphetamine administration. Conclusions: This findings 
demonstrate the involvement of circadian rhythm in asso-
ciated with the d-amphetamine-induced changes in dopa-
minergic system in the rat striatum, which is possibly be 
under the control of circadian genes. However, the 
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mechanisms for such interactions remain unknown. 
Supported by a Postdoctoral Fellowship from the Commission on Higher 
Education to SM, a Royal Golden Jubilee scholarship from the Thailand 

Research Fund to PW, and a Senior Research Scholar Fellowship from the 
Thailand Research Fund and a Mahidol University Research Grant to PG 

Impact of lead on the circadian rhythm of lo-
comotor activity and prophylactic effect of   
melatonin and 5-metoxytryptophol 

Ouzir M, El Moussaouiti R, Lakhdar-Ghazal N 
Group of research on biological rhythms, Department of Biol-
ogy, Faculty of Sciences, University Mohammed V Agdal, Ra-

bat, Morocco 

Purpose: we attempted to demonstrate the impact of lead 
on circadian locomotor activity and the protective effect of 
melatonin and 5-methoxytryptophol against the toxic prop-
erties of lead. Methods: four groups of young’s rats were 
used (control, lead acetate-treated [1 mg/animal], lead 
acetate plus melatonin [25 µg/kg], and lead acetate plus 5-
metoxytryptophol [25 µg/kg]). we use the Actimetry system 
to record the locomotor activity Results: we observed a 
decreased in locomotor’s activity and the synchronization 
of circadian rhythm of this activity by light is deeply dis-
turbed by Lead, which makes it possible to suggest the 
deterioration of the transmission of photic information to-
wards the suprachiasmatic nucleus. Moreover, Melatonin 
as well as 5-methoxytryptophol seems to be protective. 
Conclusions: Lead has a chronobiotic effect. The expres-
sion of locomotor activity rhythm and its synchronization 
by light is partially or totally restore by melatonin and 5-
methoxytryptophol. 

Involvement of the mPer2, but not the mPer1, 
gene in the circadian regulation of ethanol   
CNS sensitivity 

Perreau-Lenz S1, Albrecht U2, Spanagel R1, 
Bilbao A1 

1Central Institute of Mental Health, Mannheim, Germany; 
2Division of Biochemistry, University of Fribourg, Switzerland 

Purpose: To investigate, at first, the daily rhytmicity of the 
brain sensitivity towards alcohol, and, second, the implica-
tion of the clock genes mPer1 and mPer2 in this regard. 
Methods: We therefore first set out assessing the diurnal 
variations in ethanol sensitivity in mice analyzing loss of 
righting reflex (LORR) duration, and, concurrently, the 
ethanol elimination rates. Ethanol-induced (3.5 g/kg; i.p.) 
LORR duration was thus determined at several Zeitgeber 
time (ZT) points (ZT5, 11, 17, and 23) in C57BL/6N mice. 
In parallel, the corresponding ethanol elimination rates 
were also assessed. Successively, we checked the in-
volvement of the clock genes mPer1 and mPer2 in con-
veying this rhythm in sensitivity, testing the LORR duration 
at ZT5 and ZT11 in the Per1Brdm1 and Per2Brdm1 mu-
tant mice and in their respective wild-type littermates. Re-
sults: Our results display the existence of a distinct diurnal 
rhythm in LORR duration, peaking at ZT11, whereas no 
significant difference could be observed regarding the 
elimination rates of alcohol, revealing higher brain sensitiv-
ity for this time-point. Furthermore, the Per1Brdm1 mutant 
mice demonstrate a similar diurnal pattern as the control 
mice, with enhanced LORR durations at ZT11. In contrast, 
the Per2Brdm1 mice did not exhibit such a temporal varia-
tion to the depressant effects of ethanol, revealing a con-
stant high sensitivity towards ethanol. Conclusion: The 
present study reveals a central role of the mPer2 gene in 

inhibiting the alcohol brain sensitivity at the beginning of 
the light phase. 

Disturbed sleep/wake rhythms in the Park5 
mutant gad mouse 

Pfeffer M1, Plenzig S1, Gispert-Sanchez S2, 
Korf HW1, von Gall C1 

1Institut für Anatomie II, Dr. Senckenbergische Anatomie, 
2Klinik für Neurologie; Molekulare Neurogenetik, Goethe Uni-

versität, Frankfurt/Main, Germany 

Purpose: Patients with neurodegenerative disorders like 
Parkinson´s disease (PD) or Alzheimer disease suffer 
from poor nocturnal sleep and excessive daytime sleepi-
ness. These sleep disturbances are likely to be attribut-
able to pathologies in the endogenous rhythm generator of 
the suprachiasmatic nucleus (SCN) or in sleep promoting 
and arousing brain regions. To investigate the cellular 
correlates for disturbed sleep/wake rhythms in neurode-
generative diseases, we used the gracile axonal dystrophy 
(gad) mouse with a mutation in the Park 5 gene. Methods: 
Locomotor activity of young (4-12 weeks) and old (14-20 
weeks) gad mice and wildtype littermates (WT) kept in 
constant darkness (DD) or under 12 h light and 12 h dark-
ness (LD) was analyzed using infrared detectors. In addi-
tion, the number of orexin-A positive neurons in the lateral 
hypothalamus (LH), a brain region controlling the switch 
between sleep and wake, was analyzed by immunohisto-
chemistry. Results: Gad mice show a circadian rhythm of 
locomotor activity in DD similar to WT, demonstrating that 
the endogenous rhythm generator in the SCN is intact. 
However, old gad mice showed an increased (subjective) 
daytime-activity in DD and in LD, suggesting that the cir-
cadian control of the sleep/wake cycle distal from the SCN 
is impaired. In the LH of old gad mice, the number of 
orexin-A neurons was reduced as compared to young gad 
and old WT mice. Conclusions: (a) The gad mouse is an 
excellent model to study neurodegenerative disturbances 
in the sleep/wake cycle. (b) Neurodegeneration of orexin-
A neurons in the LH might explain the instability of the 
circadian sleep/wake rhythm in gad mice. 

Impact of calorie restriction or a mimetic 
(resveratrol) on daily rhythms of locomotor ac-
tivity in a non-human primate  

Pifferi F, Dal-Pan A, Terrien J, Botalla R, Hardy 
I, Aujard F 

Mécanismes Adaptatifs et Evolution, UMR CNRS/MNHN 7179 
Brunoy, France 

Purpose Since calorie restriction (CR) extends lifespan 
and ameliorates many of the age-related diseases in short 
living mammals, we hypothesised that it could act on evo-
lution of rhythms during aging and more particularly loco-
motor activity (LA). In the context of a long-term study of 
CR during aging, we aim to follow the effects of CR on LA 
during 2 years. We also investigate the effects of a mi-
metic of CR, resveratrol, a polyphenol found in grape. 
Methods Mouse lemurs are nocturnal primates with 
marked variations of daily rhythms. They are much appro-
priated to study rhythms variations during aging. Indeed, 
aging in the mouse lemur is accompanied with decreased 
amplitude in the LA daily rhythm. Animals are fed 3 differ-
ent diets: control (CTL), calorie restricted (CR) and the 
CTL diet supplemented with resveratrol (RES). Animals 
were included in the study at the age of 3 years and have 
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reached their half-life after 2 years of diet. LA of summer 
acclimated animals (light/dark 14/10) was monitored dur-
ing 14 days after 1 and 2 years of treatment, using labora-
tory-made LA cages. LA results are correlated to basal 
metabolism data. Results: CR and RES diets significantly 
increase night LA, compared to animals fed the CTL diet. 
We observed an effect of age on the repartition of night 
LA: the 2nd y. CTL animals have a decreased LA at the 
end of the night phase compared to 1st y. This effect is 
not significant in RES animals, and is even inversed with 
the CR diet. Indeed, 2nd y. CR animals have an increased 
locomotor activity at the end of the night phase compared 
to 1st y. Basal metabolism of CR animal is significantly 
lower to CTL animal. Conclusions Our data demonstrate a 
stimulatory effect of CR and RES on LA with the first evi-
dences of an amelioration of aging effects in our model. 
Decreased basal metabolism could be the direct conse-
quence of an adaptive mechanism to CR. 

Circadian time effects of general (propofol) 
anesthesia on hippocampus phosphorylation of  
Extracellular Regulated Kinase (ERK) in rats 

Rafiq M1, Mendoza J2, Ferrandon A1, Lorenzo 
X1, Dispersyn G1, Challet E2, Pain L1 

1U666 National Institute Health Medical Research, Univer-
sity Hospital, Faculty of Medicine, Strasbourg, France;  

2Institute for Cellular and Integrative Neurosciences, Dept 
of Neurobiology of Rhythms, UPR3212 CNRS, University of 

Strasbourg, France 

We previously demonstrated a reciprocal interaction be-
tween general (propofol) anesthesia and circadian 
rhythms in both animal model and patients. The circadian 
profile of phospho erk in hippocampus appeared to sus-
tain some of the memory processes. Purpose: To charac-
terize the effects of general (propofol) anesthesia on 
phosphorylation of ERK1/2 in hippocampus at two differ-
ent circadian times. Methods: Male rats received either an 
intra peritoneal injection of 120 mg/kg of propofol to set a 
short-duration anesthesia state (20-30 minutes) or the 
equivalent amount of the lipidic solvent. For both groups 
of animals, anesthesia or control, the injections were per-
formed either at CT0 or at CT12. One hour following the 
injection, the animals were euthanized, the brains re-
moved, and immediately frozen. The amount of phospho 
erk was assessed using immunohistochemistry on brain 
slides. Results: We observed no modifications of phos-
phoERK immunostaining in prefrontal cortex, and striatum 
areas in anesthetized animals as compared to controls, 
whatever the time of injection CT0 or CT12. However the 
amount of phosphoERK density was significantly de-
creased (by about 40-60%) in CA1, CA2 and CA3 areas of 
the hippocampus, but only when anesthesia was per-
formed at CT12. Conclusions: The persistent amnesic 
effect observed several hours following propofol anesthe-
sia is considered now to rely on an hippocampus dysfunc-
tion that lasts. Our current results evidenced that the im-
pact of propofol anesthesia on hippocampus may vary 
depending of the circadian time, suggesting a circadian 
effect not only for its anesthetic properties but also for its 
effects on memory processes. 

Neuroprotective effects of pineal hormones in 
lead-induced neurotoxicity 

Sabbar M, Ouzir M, Lakhdar-Ghazal N 
Faculty of Sciences, Biological rhythms Group, University 

Mohammed V, Rabat, Morocco 

Purpose: To understand the lead-induced neurodegenera-
tive processes in the rat circadian system. Methods: 
twelve Wistar male rats were reared at an age of 4 weeks, 
under photoperiodic conditions of 14:10 light–dark cycle 
and constant room temperature. The animals were divided 
into four groups (controls, lead acetate-treated [10mg/kg], 
lead acetate-treated + melatonin solution (Mel; 25µg/kg), 
lead acetate-treated + 5-Metoxytryptophol solution (5-ML; 
25µg/kg). At the end of treatment (5 weeks) rats received 
a photic flash of 15 min, one hour later, animals were per-
fused and the brains removed for vasopressin and Fos 
immunochemistry. Results: Lead intoxication decreases 
the number of cells expressing c-fos induced in the SCN 
of treated rat when compared with the controls. In lead-
treated animals we also obtained a reduction in the num-
ber of immunoreactive VP cells in the SCN. It clearly ap-
peared that melatonin and 5-metoxytryptophol treatments 
restored the number of VP and fos immunoreactive cells 
in lead-treated groups, suggesting a neuroprotective effect 
of pineal hormones upon cell population of the SCN neu-
rons. Conclusions: This finding demonstrats that the neu-
rotoxic effects of lead involve the circadian system by re-
ducing the activation of SCN as reflected in loss of c- fos 
and VP immunolabelling. This study suggests that mela-
tonin and 5-metoxytryptophol have the potential to attenu-
ate some aspects of lead neurotoxicity. 

Effect of sunlight exposure in the morning on 
adolescent sleep-wake cycle and sleepiness 

Sousa IC1, Belisio AS1, Louzada FM2, Azevedo 
CVM1 

1Universidade Federal do Rio Grande do Norte, Laboratório de 
Cronobiologia, Natal, Brazil;  

2Universidade Federal do Paraná, Curitiba, Brazil 

Purpose: To evaluate the effect of sunlight exposure in the 
morning on the sleep-wake cycle (SWC) and sleepiness of 
adolescents in the return to the classes after mid-year 
vacation. Methods: 83 high school students volunteers 
aged 15 + 0.5 were enrolled (63% girls). Participants took 
part in 2 stages: 1a) Characterization about chronotype, 
sleep knowledge and habits; 2a) SWC and sleepiness 
evaluation for two consecutive weeks after mid-year vaca-
tion. The SWC was assessed by sleep log and the sleepi-
ness levels were evaluated by the Karolinska Sleepiness 
Scale (KSS), on 5 times: wake-up time, 8h, 11h, 14h and 
bedtime. Besides, subgroups (n=14) underwent a psycho-
motor vigilance test on weekdays at 8h and 11h. At the 
second week after mid-year vacation the sunlight interven-
tion group (n=45) attended the first class (7:15-8:00 h) at 
shadow in an outdoor environment exposed to sunlight 
(11.500 + 4.800 lux) while the control group (n=38) stayed 
in usual classroom (256 + 96 lux). Results: The interven-
tion group anticipated the bedtime from 23h48min to 
23h25min (p<0.05) and increased sleep duration in 16 
minutes on weekdays (p<0.05). The sleepiness levels, 
measured by the KSS, showed no difference between the 
two weeks for both groups (p>0.05), but the PVT detected 
a decrease in reaction time at 11hs in the intervention 
group (p<0.05). Naps frequency diminished on weekdays 
from 46% to 31% on the intervention group (p<0.05). Ir-
regularity remained for bedtime (p>0.05), but decreased to 
wake-up time for both groups due to the timing of classes’ 
start in the morning (p<0.05). Conclusion: Sunlight expo-
sure in the morning advanced the SWC and increased 

(Suite de la page 52) 

(Suite page 54) 



54 

Mars 2010 Tome 41 N° 1 

alertness at 11h. Thus, this intervention can be used as a 
school procedure to help students to adapt their sleep-
wake cycle on the return to school after vacation. 

Disruption of circadian rhythms: chronic con-
stant light and a night-work model result in 
depressive like behaviors 

Tapia A, Salgado-Delgado R, Escobar C 
Departamento de Anatomía, Facultad de Medicina, Universidad 

Nacional Autónoma de México, México DF, México 

Purpose: To confirm that a disruption of circadian rhyth-
micity leads to depressive behavior. Methods: Three ex-
perimental groups of adult Wistar rats were kept in differ-
ent lighting conditions for 6 weeks: constant light (LL), 
constant darkness (DD) to produce a condition of external 
desynchronization, and the last one in a regular 12:12 light 
dark cycle LD submitted daily to forced activity during the 
sleep phase to produce a condition of night-work and in-
ternal desynchrony (NW). A control group was kept in nor-
mal LD conditions. To evaluate depressive-like behaviors 
we assessed locomotor activity, body weight, food intake, 
anhedonia related with sucrose ingestion and open field 
activity. Animals were tested for a base line and in two 
moments during the experimental conditions (3 and 6 
weeks). Blood samples were obtained for measuring 
plasma corticosterone and brains were removed for c-Fos 
immunohistochemistry. Results: Chronic LL and NW 
groups showed anhedonic behavior in the sucrose test, 
increase grooming and only NW exhibited less central 
stops as a stress response in the open field. In the LL 
group, high levels of corticosterone concentration were 
found; diminished food intake and a suppression of SCN 
activity. Experimental conditions indicate that chronic con-
stant light and the night-work model produce disturbance 
of circadian rhythms and depressive-like behaviors, show-
ing that this could be reliable rodent models to study de-
pression and its relationship with circadian rhythms. 
Supported by CONACyT 82462 and Programa de Fortalecimiento de activi-

dades para estudiantes de Licenciatura, Fondo I0013 Solicitud 102145 
awarded to ATO 

Detrimental effects on adult lifespan and re-
production of the German cockroach by rapid 
phase-shifting 

Tsao SC, Lee HJ 
Department of Entomology, National Taiwan University,  

Taiwan 

Purpose: To investigate the effects of desynchronization 
between internal clocks and environment time signals on 
well-being of organisms. Longevity, reproduction and loco-
motor activity of the German cockroach were monitored as 
the indicators for long-term effect of circadian timing de-
synchronization by rapid phase-shifting schedules. Meth-
ods: With a 12 h light-dark reversal in every 3 or 7 days 
schedule was used to monitor the adult lifespan and fe-
male fecundity. Mating successful rate of males was 
tested by adults from a phase-shifting schedule paired 
with normal schedule ones. Locomotion of males was de-
tected continuously under no phase-shifting condition 
thereafter switched into phase-shifting condition. Results: 
The longevity of male cockroaches was significantly re-
duced 6~26% by rapid phase-shifting. Furthermore, the 
shorter interval between phase-shifting caused the higher 
reduction on lifespan. The females did not show reduction 

on lifespan and offspring under the 7 days phase-shifting 
schedule. However, the 3 days phase-shifting schedule 
did cause lifespan and offspring reduction of females, 
even though the effect was significantly smaller than that 
of males. Mating successful rate of males was significantly 
affected by previously experienced phase-shifting. Rapid 
phase-shifting significantly increased daily activities, espe-
cially the activities during photophase. In addition, the ele-
vation of daily locomotion coincided with the shorten life-
span. Conclusions: Rapid phase-shifting causes detrimen-
tal effects on longevity and reproduction of the German 
cockroach. But, it induced different levels of impact on 
males and females, suggesting the existence of sexual 
dimorphism in circadian regulation. The rapid phase-
shifting promoted activity rate may act as a major factor to 
reduce lifespan by increasing metabolic rate. 

Circadian rhythms of melatonin, blood pres-
sure, heart rate and per2 expression in rats 
subjected to rotating shifts 

Zeman M, Molcan L, Veselá A, Benová M, Heri-
chová I 

Department of Animal Physiology and Ethology, Comenius Uni-
versity Bratislava, Slovakia 

Purpose: Shift work may increase incidence of cardiovas-
cular diseases but underlying mechanisms are not under-
stood and animal studies are needed. Methods: Rats were 
housed at control 12L (light):12D (dark) regimen or placed 
on 12L:12D with the darktime prolonged by 8 h (phase 
delay) every second day. In the first trial rat males (36) 
were exposed to the shifts and the second half (36) was 
control. Blood pressure (BP) was measured non-invasively 
weekly and after 10 weeks rats were killed in regular 4h 
intervals over 24h cycle when the LD regimen was identi-
cal in control and experimental group. Melatonin and se-
lected metabolites were measured in plasma and per2 
expression in the heart. In the second trial older female 
rats (14 months) were kept on the shifted LD regimen. 
They were implanted with transmitters and BP, HR and 
locomotor activity (LA) was measured in freely moving rats 
for 7 weeks by telemetry (Data Sciences). Results: Mela-
tonin rhythm was recorded in both control and shifted 
group indicating that the central circadian oscillator was 
able to entrain to the 8h phase delay occurring in short 
rotation shifts. Melatonin rhythm in the shifted group had a 
shorter period of increased nighttime concentrations. Per2 
exerted rhythmic expression. Plasma creatinine was rhyth-
mic in control but not in the shifted group. Shifts did not 
result in a BP increase. Continu-
ous measurement of LA, BP and 
HR showed that all parameters 
were arhythmic during the first 
week after shift initiation and 
free-running afterwards with the 
period of 27h. Conclusions: Re-
sults suggest that in the environ-
ment without stressors the 
shifted LD did not increase BP. 
Data indicate that lack of predic-
tion of stressful conditions re-
lated to shift work and unex-
pected stress can be responsi-
ble for cardiovascular diseases 
associated with rotating-shift 
work. 

Supported by APVV 0214-07 
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SRBR 12th Biennial Meeting  

May 22, 2010 - May 26, 2010 

The Society for Research on Biological Rhythms was 
formed to promote the advancement of basic and 
applied research in all aspects of biological rhythms, 
to disseminate the important results of that research 
among scientists, to the agencies that fund research 
and to the general public, to enhance the education 
and training of students and researchers in the field 
and to foster interdisciplinary communication. Bien-
nial meetings provide an environment for the ex-

change of ideas during scheduled scientific sessions, 
as well as during informal gatherings. 

The SRBR meeting in 2010 will be held at the San-
destin Golf and Beach Resort. All conference activi-
ties will take place at the Baytowne Conference Cen-
ter in the Sandestin Beach and Golf Resort. 

http://www.srbr.org/Pages/SRBR_Meeting.aspx 

Conference Contact Information Michelle Chappell 
Conferences & Institutes University of Illinois at Ur-
bana-Champaign Phone: 217-333-2880Fax: 217-333
-9561srbrconf@ad.uiuc.edu 

 
Conference 

• July 5, 2010:  first day of conference 

• July 9, 2010:  last day of conference, gala diner 

Abstract submission 
• December 1, 2009: on-line submission opens 

• February 28, 2010:  submission closes 

• May 31, 2010: final decision on abstract acceptan-
ce 

 

Registration information 
• December 1, 2009: on-line registrations opens  

• April 15, 2010: discount registration ends 

• May 31, 2010: on-line registrations ends 

The 26th Conference of the International 
Society for Chronobiology (ISC) will be held 
at the E.T.S.I. Telecomunicación, Campus 
Universitario, University of Vigo, Vigo (Spain) 
on July 5-9, 2010. 

http://webs.uvigo.es/isc2010/ 
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Aging and Sleep, June 25-26, 2010 Lyon, France  

Contact the organizing secretariat for more information 
PARAKALO, 255, rue Garibaldi 69003 Lyon France 
Phone : +33 472 71 53 52  Fax : +33 472 71 30 63  iasrg@parakalo.fr  

http://www.aging-sleep.com  

Law Faculty 
3, Avenue Pasteur 

76000 Rouen, France  

http://icn2010.univ-rouen.fr/ 
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Les articles publiés dans ce bulletin reflètent l'opinion de leurs 
auteurs, et en aucun cas celle de la Société Francophone de 
Chronobiologie. 

Chronobiologistes… 
encore un effort pour vos contributions à Rythmes. 

Vous devez participer à la vie de la Société Francophone de Chronobiologie en envoyant vos 
contributions à Fabienne Aujard, rédactrice en chef de  

Seules sont acceptées les contributions sous forme informatique, textes et figures, noir et blanc 
et couleurs. Cela assure la qualité de ce qui est produit, d’autant plus appréciable si vous optez 
pour la lecture électronique, qui, elle, est en couleurs !  

Vous devez envoyer vos contributions en document attaché. Les fichiers seront préférentielle-
ment sauvegardés au format �.doc, �.rtf, ou �.txt après avoir été produits par un traitement de 
texte standard. Pour tout autre format que ces formats répandus, nous consulter. 

Il est impératif de nous faire parvenir un fichier texte sans retours à la ligne multiples, tout en 
conservant l‘accentuation. De même, ne mettez pas de lignes blanches pour marquer les para-
graphes ni mises en page complexes, que nous devrons de toutes façons changer pour rester 
dans le style du journal.  

Les images pourront être en tiff, bmp, gif, jpeg, jpg ou png. Rythmes est mis en page sur un PC, 
donc les formats PC sont préférés, car cela évite des manipulations.  

Enfin, vous enverrez vos contributions par courrier électronique à fabienne.aujard@wanadoo.fr 
avec copie à jean-francois.vibert@upmc.fr et jacques.beau@inserm.fr. 

Fabienne Aujard 
Jacques Beau 

Jean-François Vibert  

Rythmes est édité par la Société Francophone de Chronobiologie, Siège Social : Faculté des Sciences et Techni-
ques. Laboratoire de Biologie Animale et Appliquée, 23 rue du Dr Paul Michelon, 42023 Saint-Étienne Cedex 2.  
Directeur de la publication : Bruno Claustrat. Rédactrice en chef : Fabienne Aujard. Comité de rédaction : Fabienne 
Aujard, Jacques Beau, Jean-François Vibert. Réalisation : Jacques Beau et Jean-François Vibert. Impression : 
Muséum National d’Histoire Naturelle, Paris.  

Site Web : http://www.sf-chronobiologie.org Numéro ISSN 0154-0238. 
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