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The normal Circadian Rhythm

www.fotocommunity.de

a roughly-24-hour cycle in the biochemical, physiological or 
behavioral processes of living beings

http://www.fotocommunity.de
http://www.fotocommunity.de


The circadian pacemaker

 www.a-levelpsychology.co.uk/online/a2

The Suprachiasmatic Nucleus

http://www.a-levelpsychology.co.uk/online/a2
http://www.a-levelpsychology.co.uk/online/a2


The circadian pacemaker
Mammalian circadian clock

S. Panda, J.B. Hogenesch and S.A. Kay, 
Nature, 2002, 417, 329-335



The transitions

T. Moriya et al., Journal of Neuroscience Research, 2000, 60, 212-218

LD → DD LD → LL LD → LL

rhythmic entrain
rhythmic, free running, T < 24 h
rhythmic, free running, T > 24 h
arrhythmic



The transitions in experiments

stepwise light increase

Trinitat Cambras Riu and Antoni Díez Noguera, Department of Physiology, Faculty of 
Pharmacy, University of Barcelona, Spain

0.02 lux

0.14 lux

1 lux

6 lux

300 lux



The transition on the genetic level

H. Ohta, et al., Nature Neuroscience, 2005, 8, 267-269
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From the nature to the model
• The circadian pacemaker is located in the 

suprachiasmatic nucleus (SCN) of the 
hypothalamus

• The ~10,000 SCN neurons are controlled by 
protein concentrations of a genetic clock circuit

• The coupling between cells in the SCN is 
achieved partly by neurotransmitters

• Each genetic oscillator is self-oscillatory 

• Light influences the coupling

• The circadian rhythm is a joint effect of all 
oscillators
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The nature of the transition

• Individual elements remain in the oscillatory 
regime

• Phase transition is in the mean field

• Coupling strength is the bifurcation parameter 
and can be effected by light

• Can noise restore a rhythm in the arrhythmic 
state?
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The modified Goodwin model

ν1,2,4,6,8   and k3,5,7 individually rescaled by τi 
τi normal distributed with diversity στ 

→ individual eigen-frequencies
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〈Ȳ 2〉 − 〈Ȳ 〉2
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The measures
•The synchronization measure:

Rsyn =
〈Ȳ 2〉 − 〈Ȳ 〉2

1
N

∑N
i=1(〈Y 2

i 〉 − 〈Yi〉2)
=

V ar(Ȳ )
Meani(V art(Yi))

Ȳ =
1
N

N∑

i=1

Yi

•The coherence measure:

the decay time of the envelope of the 
autocorrelation function of the overt rhythm

Rsyn=0 → unsynchronized
Rsyn=1 → complete synchronized



The transition
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CR in Double plotted actograms
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Conclusion

• Noise-induced rhythmicity in an ensemble of 
circadian oscillators

• A large ensemble is required

• A kind of Coherence Resonance / Stochastic 
Coherence

• Noise is multiplicative and affects the coupling 
strength
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Open Problem on Noise

• CR is very sensitive to system properties

• The hypothesis of light-dependent coupling is 
critical for CR in the model

• Would a hypothetical noise-enhanced 
rhythmicity in in vivo experiments be sufficient 
to strengthen the hypothesis of light-dependent 
coupling?



Acknowledgements
Prof. Jordi García-Ojalvo

Universitat Politécnica de Catalunya, Terrassa, Spain

Prof. Antoni Díez Noguera and Dr. Trinitat Cambras Riu 

Department of Physiology, Faculty of Pharmacy, University of 

Barcelona, Spain

Dr. Javier Buceta Fernández

Centre for Research in Theoretical Chemistry, Parc Científic de 

Barcelona, University of Barcelona, Spain

financial support by the Alexander von Humboldt Foundation



Prof. Jordi García-Ojalvo
Prof. Antoni Díez Noguera
Dr. Trinitat Cambras Riu

Dr. Javier Buceta Fernández
Alexander von Humboldt Foundation

Acknowledgements

Thank you for your 
attention and interest


