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What is Bipolar Disorder 

• Chronic psychiatric disorder 

characterized by the occurrence of 

one or more manic or mixed episodes 

• May also experience depressive 

states 

• High rates of co-morbidity with other 

disorders 

• Equally affects men and women 

• Median age of onset ~25 and 

prevalence is between 2-4% 



What Causes Bipolar 

Disorder? 

Genes + Environment 
Genetics: 80-90% of bipolar patients have a family history of  

Bipolar disorder, major depression or schizophrenia 
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The master pacemaker is located 

in the SCN 



Light at night                                Shift Work                  Puberty/Aging 

 

Travel across time zones         Inconsistent sleep/wake schedule  

                                                       

Genetics                         Early school start times           Electronic devices 
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The circadian clock consists of a 

feedback loop that controls gene 

expression and all daily rhythms 
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*Sleep/wake cycle 

*Hormonal rhythms 

*Body temperature rhythms 

*Rhythms in appetite/ 

 and metabolism 

*Rhythms in drug responses 

*Rhythms in mood 

*Seasonal rhythms  

 

Disruptions cause jet lag,  

sleep problems, and mood 

disorders 

   

Neuroendocrinology Group,  

University of Surrey, UK 



People with psychiatric 

disorders have abnormal 

clocks 

• Depression, bipolar disorder and schizophrenia are associated with 
major disruptions in sleep and activity.   

 

• Changes in schedule precipitate manic or psychotic episodes 

 

• Depression is diurnal, often seasonal, and occurs more frequently in 
areas of the world where there is little daylight for long periods of time 

 

• People with a preference toward “eveningness” (Owls vs Larks) are 
more susceptible to depression, and the vast majority of bipolar 
subjects are evening types.   

 

• Polymorphisms in several circadian genes associate with bipolar 
disorder, depression, and seasonal affective disorder.  The CLOCK 
gene in particular has an association with bipolar disorder.   

 





Healthy Control 
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Bipolar Patient 



Reduced rhythm amplitude is 

associated with increased 

depression scores 

(Souetre et al 1989) 



Circadian Rhythms and Mood 

Disorders 

In 1968, Franz Halberg suggested that 
some, but not all, circadian rhythms in 
bipolar patients were not synchronized 
with the 24-hour day-night cycle.  
Halberg’s hypothesis was that the 
interaction between the unsynchronized, 
“free-running” rhythms and the normally 
synchronized “entrained” rhythms causes 
switches back and forth between mania 
and depression.   



Social Zeitgeber Theory 

Ehlers, Frank, Kupfer (1988) 



Molecular rhythms are disrupted in 

major depressive disorder 



Rhythmic gene expression is 

disrupted in MDD patients 

Edgar and McClung, 2013 



East-West= greater depression 

West-East= greater hypomania 

The direction of travel across 

time zones influences mood 

state 



 Fig. 1. The shifting of acrophases of circadian rhythms in bipolar disorder patients. 

Note that the acrophase is the timing of the peak of the best-fitting sine curve.  
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The Clock mutant mouse 

Clock was identified in a screen of 

mutagenized mice done in the lab 

of Joe Takahashi (Vitaterna et 

al.,1994). 

Normal mouse 

Clock mutant mouse 



Cryan et al.,  TIPS (2002). 

How do you feel?  

Anxious? Depressed?  



Models of Depression, Anxiety, Exploratory Drive and 

Reward in Mice 

Forced Swim Test Learned Helplessness Open field Elevated Plus Maze 

Conditioned Place Preference 

Light/dark test 

Sucrose preference 



Clock mutant mice 
Hyperactivity 

 

Sleep less than wild type mice 

 

Less depression-like behavior 

 

Have increased impulsivity, novelty 

seeking, risk taking in behavioral 

models  

 

Are more sensitive to the rewarding 

effects of cocaine, sucrose, and brain 

stimulation 

 

 

 

  Bipolar patients 
Hyperactivity 

 

Decreased need for sleep 

 

Feelings of euphoria 

 

Excessive involvement in activities that 

have a high potential for painful 

consequences. 

 

Propensity towards drug use and abuse 

 

 

 

The Clock mutant mice display similarities 

With bipolar mania and other psychiatric disorders 

Roybal et al., PNAS (2007); Ozburn et al., NPP (2013); Arey et al., Mol Psych (2014); Ozburn et al., Psychopharm (2012);  

Coque et al., NPP (2011);  Naylor et al., J Neurosci (2000); Easton et al., Genes Brain Behav (2003); McClung et al., PNAS (2005); 

Van Enkhuizen et al., Behav Brain Res (2013) 

 

 

Lithium or VPA treatment reverses these phenotypes 



ClockD19 mice display rapid mood cycling 

with manic-like behavior during the day 

and euthymic-like behavior at night 

Sidor et al., Mol Psych, 2015 



Dopamine is important in 

psychiatric disorders 
• Mania is associated with increased 

dopaminergic transmission in striatal 

regions, while some models of depression 

produce decreased dopamine.   

• Antipsychotic drugs antagonize Drd2 

receptors 

• All drugs of abuse activate the VTA 

dopamine system.  Stimulants like cocaine 

directly bind to the dopamine transporter  



BRAIN REWARD REGIONS 

Nestler et al., (2003) 



Clock mutant mice have an increase in VTA dopamine cell firing and this 

Is rescued by chronic lithium treatment 

Coque et al., Neuropsychopharm (2011) 



ClockD19 mice have a large increase in daytime  

dopaminergic activity  

B 

Sidor et al., Mol Psych 2015 



Clock knockdown mice have higher rates of dopamine cell 

firing 

Mukherjee et al, Biological Psychiatry, 2010 



Clock knock-down in the VTA 

increases alcohol preference 

Ozburn et al., Neuropsychopharm, 2013 



Viral expression of functional CLOCK in the VTA is 

able to rescue their behavioral abnormalities 
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CLOCK 

AAV 

Open Field Locomotor 

Roybal et al., Proc. Natl. Acad. Sci. (2007) 

 



Clock mutant mice have increased 

DA in VTA, NAc, dSTR but 

decreased DA in mPFC 

VTA NAc dSTR mPFC 

Logan et al., Molecular Psychiatry, in press 



How does lithium work? 

   Wt  H2O        Wt Li    Mut H2O           Mut Li 

                  
 

* * 
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Arey et al, Mol. Psych 2013 

CCK 

Tanganelli et al., 2001 
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CCK levels are increased in the 

VTA of bipolar patients on meds 

Arey et al, Mol. Psych 2013 



Local knock-

down of Cck in 

the VTA leads 

to manic-like 

behavior  

Arey et al, Mol. Psych 2013 



Cck knock-

down in the 

Clock mutant 

mice prevents 

lithium from 

restoring normal 

behavior 

Arey et al, Mol. Psych 2013 



Most treatments for depression  

And bipolar disorder affect  

the circadian clock 
 

-Bright light therapy 

 

-Total sleep deprivation  

 

-Social Rhythm Therapy 

 

-Melatonin/Agomelatin   

 

-lithium/SSRIs/valproate 



Social Rhythm Metric 



Interpersonal and Social Rhythm Therapy leads to greater 

occupational functioning in a shorter amount of time than 

traditional psychotherapy 

Frank et al., 2008 



Wehr et al., Translational Psychiatry, 2018 



14 hrs then 10 hrs  

In bed after dark 



Daily bright light therapy at midday (12-2:30pm) 

helps people with bipolar depression 

Sit et al., Am J Psychiatry 2018 



Lithium and VPA increase 

molecular rhythm amplitude 

Li et al., 2012 Johansson et. al 2011 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3299767/figure/pone-0033292-g002/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3299767/figure/pone-0033292-g002/


CK1 e/d inhibitors increase rhythm amplitude 

under compromised conditions 

Meng et al., 2010 

Vipr2 -/- 

Constant light 



CK01 normalizes anxiety-related behavior and partially  

Normalizes depression-like behavior in the ClockD19 mice 

Arey et al., 2012 
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Conclusions 

• Bipolar disorder is associated with major disruptions to 

the circadian system and an altered circadian clock 

could be a causative factor in the disorder.   

• Disruptions to normal sleep/wake schedules can 

precipitate episodes (particularly manic episodes) 

• We are learning more about how circadian genes 

regulate dopamine and other brain functions that 

regulate mood 

• We are learning more about how mood stabilizing 

medications act on in the brain 

• Stabilization and amplification of the circadian clock 

represents a therapeutic target for the treatment of 

bipolar disorder 
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Conclusions 

• Bipolar disorder is associated with major disruptions to 

the circadian system and an altered circadian clock 

could be a causative factor in the disorder.   

• Disruptions to normal sleep/wake schedules can 

precipitate episodes (particularly manic episodes) 

• We are learning more about how circadian genes 

regulate dopamine and other brain functions that 

regulate mood 

• We are learning more about how mood stabilizing 

medications act on in the brain 

• Stabilization and amplification of the circadian clock 

represents a therapeutic target for the treatment of 

bipolar disorder 

 

 


