
 

Short  Abstract  — Circadian rhythms have  been identified  in 
virtually  all  living  organisms  [1].  There  are  evidence  for  a 
multiple oscillator organization, either at the molecular or at 
the cellular level and even at the tissue level [2]. In mammals, 
the  circadian  pacemaker  is  located  in  the  suprachiasmatic 
nuclei  (SCN)  of  the  hypothalamus.  It  controls  circadian 
oscillations in various peripheral tissues (liver, muscles,..) [3]. 
While  the  pacemaker  of  the  SCN  exhibits  robust  circadian 
oscillations,  experimental  data  indicate  that  peripheral 
oscillators seem to be damped, when uncoupled from the SCN 
[4]. We investigate here, through mathematical modeling, the 
entrainment  performances  of  damped  versus  self-sustained 
oscillators.  Our  numerical  simulations  of  the  Goodwin 
circadian model suggest that damped oscillators are entrained 
over  a  larger  interval  of  forcing  period  than  self-sustained 
oscillators.
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I. PURPOSE

IRCADIAN rhythms are biological processes that oscillate 
with  a  period  of  about  24h.  These  rhythms  are 

ubiquitous  [1],  endogenous  and  can  be  entrained  to  other 
periods by external periodic events (such as food or light-
dark cycle). The mammalian circadian system is composed 
of  a  hierarchy  of  oscillators  [2].  At  the  central  level,  the 
SCN of the hypothalamus acts as a master  pacemaker  for 
organisms to drive peripheral  oscillators  located in tissues 
such as the liver, heart, skeletal muscles, etc [3]. Peripheral 
oscillators,  when  uncoupled  from  the  SCN,  seem  to  be 
damped under constant conditions [4]. Moreover, uncoupled 
SCN neurons  are  highly  heterogenous  and  many of  them 
show damped oscillations [5]. These observations raise thus 
questions  about  synchronization  performances  of  the 
peripheral  clocks and it is  thus interesting to compare the 
entrainment  properties  of  damped  versus  self-sustained 
oscillators. 

C

II. MODEL AND SIMULATIONS

We model each oscillator through the Goodwin oscillator, 
a  3-variable  model  that  describes  the  delayed  negative 
feedback loop lying at the core of the cellular clocks [6,7,8]. 
Depending  on  the  parameter  values,  the  model  exhibits 
either  self-sustained  or  damped  oscillations.  In  natural 
conditions,  circadian oscillators are entrained by light-dark 
(LD) cycles. We model the effect of light by adding a square 
wave forcing term.
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Numerical  simulations  show  that  the  forced  Goodwin 
model  exhibits  a  large  variety  of  behaviours,  including 
entrainment, period doubling, and chaos and that the domain 
of entrainment is larger in the case of damped oscillations 
than  in the case of  limit  cycle oscillations.  We have also 
observed that  the phase of  oscillations with respect  to the 
LD cycle as a function of the photoperiod depends on the 
damping rate. 

III. CONCLUSION

The primary function of circadian rhythms is to facilitate 
adaptation  of  the  living  organisms  to  the  periodic 
environment. The circadian clock achieves this goal through 
a  proper  entrainment  and  phase  locking  of  their  internal 
clock with respect to the LD cycle. Our simulations of the 
Goodwin model show that damping degree of the oscillator 
appears  to  affect  its  entrainment,  as  well  as  their 
synchronization  performances  [9].  Indeed,  our  numerical 
results suggest that damped oscillators are entrained over a 
larger  interval  of  forcing  periods  than  self-sustained 
oscillators.  Our  simulations  also  suggest  that  the  phase 
locking may depend on the damping of the oscillators. This 
may  explain  the  damping  of  the  peripheral  oscillators 
reported in mammals.
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