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Zusammenfassung 

Einleitung: Störungen im circadianen Rhythmus könnten einige der 

charakteristischen Symptome der bipolaren Störung (BD), wie zum Beispiel das 

veränderte Schlafbedürfnis, erklären. Die bisherige Literatur gab Anlass 

epigenetische Veränderungen, wie die Methylierung von ARNTL, in Kombination 

mit den peripheren Werten von Dopamin (DA) und Noradrenalin (NE) zu 

analysieren. Daraus ergab sich meine Haupthypothese: Ein hoher 

Methylierungsgrad von ARNTL führt zu einer verringerten Expression der 

Monoaminooxidase A (MAOA), die für den Abbau der Katecholamine zuständig 

ist. In weiterer Folge führt der verringerte Abbau zu erhöhten Plasmaspiegeln von 

DA und NE, die die Stimmungsänderungen in der BD erklären könnten.  

Methoden: Die Daten wurden im Zuge der BIPFAT und der BIPGEN Studie mit 

einer Patientengruppe aus ehemals stationär oder ambulant betreuten Personen 

der Uniklinik für Psychiatrie, Graz, erhoben. Die Analyse des Methylierungsgrades 

von ARNTL wurde mittels DNA Isolierung durch die Aussalzmethode, Bisulfit-

Behandlung, PCR und Pyrosequenzierung durchgeführt. Die Werte von DA und 

NE wurden mit einer Hochleistungsflüssigkeitschromatographie analysiert. Für die 

statistische Analyse wurde das IBM SPSS Version 23 verwendet. Um die Daten 

zu vergleichen wurde in Abhängigkeit der Homogenität entweder der t-Test oder 

der Mann-Whitney-U Test verwendet und um die Beziehung zwischen ARNTL und 

DA und NE zu analysieren wurde die Spearman-Rang-Korrelation durchgeführt.  

Ergebnisse: Es wurden keine signifikanten Unterschiede in den Spiegeln von 

DA und NE zwischen der Patienten- und der Kontrollgruppe gefunden und auch 

die Korrelation zwischen dem Methylierungsgrad von ARNTL und den 

Katecholaminen war nicht signifikant. 

Konklusion: Wider Erwarten konnte kein Zusammenhang zwischen dem 

epigenetischen Marker und den Katecholaminen gefunden werden. Gründe dafür 

könnten die laufende medikamentöse Behandlung der BD-Gruppe, eine zu kleine 

Kohorte und die Querschnittsmessung sein. Nichtsdestotrotz ist die aktuelle 

genetische Forschung vielversprechend und sollte sich in epigenetische Studien 

vertiefen, wobei allerdings multiple Messungen der Werte notwendig sein werden.  
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Abstract  

Introduction: Disturbances in the circadian rhythm could explain some of the 

characteristic symptoms of bipolar disorder (BD), like alterations in sleeping 

behaviour. Hitherto literature gave reason to analyse epigenetic changes, such as 

methylation of ARNTL, in combination with peripheral levels of the catecholamines 

dopamine (DA) and norepinephrine (NE) resulting in my main hypothesis: A higher 

status of ARNTL methylation leads to a reduced expression of monoamine 

oxidase (MAOA), which is responsible for the catecholamine’s breakdown. 

According to our postulated model, reduced levels of MAOA cause higher levels of 

DA and NE, which could explain mood swings in BD.  

Methods: Data were gathered concluding the BIPFAT and the BIPGEN study. 

Participants were former in- or outpatients of the Department of Psychiatry and 

Psychotherapeutic Medicine at the Medical University of Graz. The status of 

methylated ARNTL was analysed by using DNA isolation with the salting out 

technique, bisulfite treatment of DNA, PCR and pyrosequencing. Peripheral levels 

of bound DA and bound NE were analysed by high performance liquid 

chromatography. Statistical analysis was performed by IBM SPSS version 23. 

Depending on homogeneity, t-test or Mann-Whitney-U test were used to analyse 

bound DA and NE. Spearman rank correlation was used to investigate the relation 

between methylated ARNTL and DA and NE.  

Results: No significant differences in the peripheral levels of bound DA and 

bound NE were found between BD and controls. The analysis of correlation 

between status of methylated ARNTL and bound DA and bound NE was not 

significant either.  

Conclusion: Against the expectations, I could not reveal any correlations 

between the epigenetic marker of ARNTL and DA as well as NE. This may be 

caused by a mood stabilizing treatment, a small sample size and the one-time 

measurement of the catecholamines. Nevertheless, current genetic research is 

promising and should focus on epigenetic studies, but multiple measurements will 

be necessary.   
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1. Introduction and Theoretical Background 

1.1. Bipolar Disorder 

1.1.1. History  

Notifications in the changes of mood and level of energy date back to the Ancient 

Greece. In the 5th century BC the terms “melancholia” and “mania” appeared in the 

humoral conception “Corpus Hippocraticum”. Araeteus from Cappadocia, a Greek 

physician, first recognized a connection between mania and melancholia about 1st 

century A.D. In his opinion they were part of the same disorder and mania was the 

worsened form. This concept dominated until 19th century  when Jean-Pierre 

Falret published “la folie circulaire“ 1851 and three years later Jules Baillarger 

published his work “folie à double forme“. Falret claimed that bipolar disorders 

were cyclic melancholic and manic episodes separated by symptom-free 

episodes. In contrast Baillarger argued that there were no symptom-free intervals 

at all (Pichot 2004). 

Pioneering was the separation of schizophrenia and affective disorders by Emil 

Kraepelin in 1910. Three years later he classified mood disorders and as a result 

bipolar disorders were assigned within the category of “manic-depressive insanity”. 

Karl Leonhard was the first one to mention “bipolar” and “unipolar” in 1957. This 

nomenclature of “bipolar affective” and “unipolar affective disorder” is valid until 

date (Perris 1990). 

 

1.1.2. Definition 

The bipolar disorder (BD) is an affective disorder, which means that it is 

characterized by mood disturbances. These mood disturbances can occur as 

depressive episodes or as episodes of elevated mood called hypomania or mania.  

According to DSM-IV there is a specific classification that contains four subtypes 

of BD. 
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Bipolar I Disorder (BD I) 

There has to be a minimum of one depressive and one manic episode during life-

time for the diagnosis. 

Bipolar II Disorder (BD II) 

At least one depressive and one hypomanic episode during life time are required 

but there must not be any manic episode. A hypomanic episode does not go to the 

full dimension, in contrast to mania, where more distinctive symptoms occur and 

loss of control as well as reality is prevalent.  

Cyclothymic Disorder 

A cyclothymic disorder is by means of the intensity of the symptoms a milder 

subtype of BD but the duration of the symptoms has to be at least two years. The 

existence of numerous periods with hypomanic as well as numerous periods 

with depressive symptoms, that do not reach the full dimension of a major 

depressive episode define cyclothymia. There is one exemption: In children and 

adolescents the duration must be at least one year. 

Bipolar Disorder- Not Otherwise Specified 

This category subsumes disorders with bipolar feature that do not fulfill the 

diagnostic criteria for BD I, BD II or cyclothymia.  So called “rapid cycler” belong to 

this group. Rapid cycler experience at least four episodes (depression, 

hypomania, mania) during 12 months.   

1.1.3. Epidemiology  

It is quite challenging to name the explicit prevalence of BD because of a high 

number of estimated unreported cases. Studies found a prevalence for BD I of 1% 

and for BD II of 1.5-3% (Akiskal et al. 2000; Angst et al. 2003). Another analysis 

suggested a lifetime prevalence for BD I of 1.0 %, BD II of 1.1% and for 

subthreshold symptoms of 2.4% (Merikangas et al. 2007). 

Researches by other teams showed that a relevant number of people with 

diagnosed unipolar depression has developed manic or hypomanic episodes after 

years which impede the research of prevalence in BD (Goldberg et al. 2001; Judd 
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et al. 2002). The incidence of BD seems to be comparable in both sexes and the 

average age of onset is reported to be 25 years (Ferrari et al. 2011; Baldessarini 

et al. 2010). 

 

1.1.4. Etiopathogenesis 

Genetics 

According to current scientific knowledge bipolar disorder is caused by the 

vulnerability-stress-model. This model suggests that an interplay between a 

genetic vulnerability, chronic biopsychosocial stressors and acute triggers lead to 

affective episodes. 

The genetic heritability of BD has been reported for decades. Family studies have 

reported a heightened peril of 7-10% for BD if 1st degree relatives are already 

affected, in contrast to the general population with a risk of 1% (Möller et al. 2007). 

Furthermore, Smoller et al. (2003) have shown in twin studies that the heritability 

of the bipolar disease based on the concordance rates of monozygotic twins has 

been estimated up to 80% (Smoller et al. 2003). However, there is not a single 

risk-gene that influences the progress of BD, but there is an interplay between a 

variety of predisposing genes. An excerpt is depicted in table 1 (Schulze 2010). 

Recent GWAS (genome wide association studies) investigating BD compared to 

controls detected over 50 genome wide significant genes, but there is still missing 

heritability and further research in this issue will be necessary (Muhleisen et al. 

2014). 
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Table 1 Excerpt of genes in Bipolar Disorder, created by Schulze et al. (2010). 

Gene  Symbol Evidence 

Aryl hydrocarbon receptor nuclear translocator-like  ARNTL + 

Cadherin gene  FAT + 

Tryptophan hydroxylase 2 TPH2 ++ 

Disrupted-in-schizophrenia-1 DISC1 ++ 

Brain-derived neurotrophic factor BDNF +++ 

Serotonin Transporter SLC6A3 +++ 

D-amino acid oxidase activator (G72) DAOA +++ 

Diacylglycerol kinase eta DGKH ++++ 

alpha-1 subunit of a voltage-dependent calcium 

channel 

CACNA1C ++++ 

Ankyrin 3 ANK3 ++++ 
 

Evidence supported by: + … 2 studies, ++ … several studies, +++… meta-analysis 

of ≥ 3 samples, ++++ … genome-wide studies 

Neuropathology 

As mentioned earlier, the causes of BD are multimodal and beside the genetic 

component, structural differences were observed as well. There are several 

studies that show a variation of the brain structure in the magnetic resonance 

imaging in people with BD compared to healthy ones. Remarkable were 

reductions in the volume of grey matter in the prefrontal cortex (Arnone et al. 

2009) and an increased volume of amygdala (Hajek et al. 2009). What is more, a 

wide meta-analysis showed enlarged lateral ventricles and so called “white matter 

hyperintensities” (Kempton et al. 2008). Interestingly, Birner et al. (2015) 

presented a significant relation between white matter hyperintensities and the 

number of depressive as well as manic episodes in males, displaying also 

clinically relevant consequences of structural brain changes (Birner et al. 2015). 

Furthermore a decreased volume of hippocampus, thalamus and amygdala were 

demonstrated in recent research (Hibar et al. 2016).  
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Environment 

Latest research has focused on the environmental influence on bipolar disorder. In 

this context, in a study including euthymic BD I diagnosed people, 61% reported 

childhood abuse (Erten et al. 2014). In general, childhood abuse is considered to 

be a central determinant predicting the course of BD. Especially the physical 

abuse was linked to particular severe symptoms like aggression, impulsivity and 

even suicidality. Additionally, earlier onset, rapid cycling, a high number of 

hospitalizations and comorbidities were associated with physical abuse in 

childhood what underlines the impact of negative experiences in childhood BD 

(Daruy-Filho et al. 2011). Trauma in early years seems to influence the severity of 

chronic stress (Gershon et al. 2013) and the susceptibility to stressors in 

adulthood (Dienes et al. 2006). Furthermore, Gershon et al. (2013) demonstrated 

that greater chronic stressors may lead to a more distinct form of depressive 

symptoms at BD I but the manic symptoms were not affected. Data about negative 

life events were analysed at a follow-up study including 140 offsprings of parents 

with BD. Each negative impact increased the danger of onset about 10% 

(Hillegers et al. 2004). In this context it is quite interesting, that Cecil et al. (2016) 

investigated the epigenetic impact of childhood abuse. Individuals with any kind of 

childhood abuse showed a significant altered status of methylation in several gene 

loci, including genes with a high relation to psychiatric disorders (Cecil et al. 2016). 

Neuroendocrinology  

Literature reveals that there is an over-activity of the hypothalamic- pituitary-

adrenal-axis (HPA-axis) in individuals affected by unipolar and bipolar depression. 

This is based on an increased basal secretion of cortisol and adrenocorticotropic 

hormone (ACTH), a decreased suppression of HPA-axis in the dexamethasone 

(DEX) suppression test and a down-regulation of corticotropic-releasing-hormone 

(CRH) receptors (Möller et al. 2007). In a combined DEX-/CRH-test, depressive 

people showed raised concentration of cortisol compared to physiological 

decreased concentrations (Rybakowski et al. 1999; Holsboer 2000). 
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1.1.5. Symptoms of affective episodes 

Manic episode 

The major characteristic of manic episodes is the pathological elevated mood state 

or dysphoric mood. Concerned people feel very “up” or “high” and tend to talk 

much and fast (=logorrhoea). They often sleep only a few hours, are full of energy 

and present increased activity. Sometimes it can lead to delusional ideas, 

particularly megalomania. Other characteristic symptoms can be a reduced 

appetite, flight of ideas, agitation, socially disinhibition and to be prone to risky 

things like spending irresponsible amounts of money or having reckless sex 

(Möller et al. 2007). 

Depressive episode 

The spectrum of depressive symptoms includes strong feelings of negativity, 

hopelessness, guilt and fear and the loss of their feeling for joy. Furthermore, 

depressed individuals with BD often have motivational problems and cognitive 

deficits like problems with short term memory and concentration. Sleeping 

disturbances are reported to be prevalent in 80-100% in a depressive episode, 

which underlines again the relevance of the circadian rhythms in BD-pathogenesis 

and the importance of a chronotherapy in a therapeutic setting. Some lose their 

interest in having sex and also suicidal thoughts are often present (Möller et al. 

2007). 

Mixed episode 

It is also possible to suffer from manic as well as depressive symptoms 

simultaneously. This state is called “mixed episode” and is associated with a 

dysphoric-irritated mood, emotional lability, fear, feeling of guilt and aggressivity. 

Moreover, mixed episodes are particularly dangerous because of a high risk of 

suicidality (Möller et al. 2007). 
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1.1.6. Diagnostics 

Diagnostic is based on DSM IV-TR (Diagnostic and Statistical Manual of Mental 

Disorders, 4th edition- Text Revision): 

Manic episodes are characterized by: 

1. 

A distinct period of abnormally and constantly elevated mood (sometimes 

expansive or irritable mood) with a minimal duration of one week but if a 

hospitalization is needed for the treatment, time is irrelevant.  

2. 

During the manic stage, three (or more) of the following symptoms have continued 

(four if the mood is only irritable) and have been present to a serious intensity:  

 elevated self-esteem or even grandiosity 

 reduced need for sleep (only a few hours a day) 

 more communicative than typical or desire to keep talking 

 a higher distractibility  

 flight of ideas  

 increase in target-oriented activity or psychomotor agitation  

 excessive involvement in activities that have a undisputable risk for 

negative consequences (e.g., exorbitant buying of unneeded products, 

cheating on wife/husband, reckless sex or absurd business investments) 

A hypomanic episode is a milder form of mania in which the symptoms are not 

intense enough to induce serious restrictions in social or professional 

performance, but the symptoms can be observed by others (especially family 

members or close friends). The durations of the symptoms must be present for at 

least four following days. 
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Depressive episodes are characterized by: 

Depressed mood and/or loss of interest/joy in life activities lasting for at least two 

weeks define a depressive episode. The symptoms are leading to a considerable 

restriction in social life or work and at least five of the following symptoms are 

required: 

 depressed mood for most of the day 

 reduced interest or joy in activities 

 altered sleeping behaviour (insomnia or sleeping too much) 

 agitation or psychomotor retardation  

 noticeable unintentional gain or loss of weight 

 strong loss of energy or fatigue 

 problems in thinking or concentrating 

 feelings of guilt or worthlessness 

 repetitive thoughts of death 

  

1.1.7. Course and prognosis 

 

Judd et al. (2002, 2003) claim a median for the duration of an individual episode 

from four to five months and a ratio of depressive and (hypo-) manic episodes of 

3:1. Nevertheless, also in symptom free periods, cognitive as well as working 

problems remain (Judd et al. 2002; Judd et al. 2003). Only 30% to 40% of the 

individuals with BD were satisfied with social and occupational function in a study. 

Selected parameters predicting a severe course of disease are estimated to be 

early onset, abnormalities in childhood, mixed episodes, frequency of episodes 

(e.g. rapid cycling), positive family history and psychiatric comorbidities, 

particularly substance misuse (MacQueen et al. 2001). 
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1.1.8. Psychiatric comorbidity 

Merikangas et al. (2007) constructed the following table 2 linking bipolar disorder 

with several other psychiatric disorders. 

Noticeable and clinically relevant is the fact that almost three fourth also suffer 

from any kind of anxiety disorder.  

 

Table 2 Psychiatric comorbidities in BD 

 Any 

BD, % 

BD I, % BD II, % Subthreshold 

BD, % 

Any anxiety disorder 74.9 86.7 89.2 63.1 

Panic disorder 20.1 29.1 27.2 12.1 

Post-traumatic stress disorder 24.2 30.9 34.3 16.5 

Generalised anxiety disorder 29.6 38.7 37.0 22.3 

Social phobia 37.8 51.6 54.6 24.1 

Obsessive–compulsive 

disorder 

13.6 25.3 20.8 4.3 

Attention-deficit hyperactivity 

disorder 

31.4 40.6 42.3 23.0 

Oppositional defiant disorder 36.8 44.4 38.2 32.8 

Conduct disorder 30.3 43.8 18.6 28.9 

Alcohol dependence 23.2 38.0 19.0 18.9 

Drug dependence 14.0 30.4 8.7 9.5 

One comorbid diagnosis 12.7 8.1 7.0 17.1 

Two comorbid diagnoses 9.4 3.4 2.9 14.7 

Three or more comorbid 

diagnoses 

70.1 86.2 85.8 56.7 
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1.1.9. Pharmacological Therapy  

The pharmacological treatment of BD mainly consists of lithium, antipsychotics 

(predominantly atypical antipsychotics), antiepileptics and antidepressants.  

A differentiation between acute or maintenance therapy and bipolar mania or 

depression is necessary, since the medication varies, depending on these stages.  

Acute mania  

Gold standard of the management of mild or moderate acute mania is lithium. Its 

efficacy is well established for acute mania as well as prophylactic therapy 

(Yatham et al. 2013). In severe forms of acute mania benzodiazepines are also 

often required to induce sedation but should not be used as monotherapy. 

Olanzapine, quetiapine, risperidone, asenapine, aripiprazole, paliperidone and 

ziprasidone are substances of the group of atypical antipsychotics and show good 

data if compared to placebo. In addition, antiepileptics like valproate and 

carbamazepine reveal significant results in several studies and serve as an 

alternative in the therapy of acute mania (Yatham et al. 2013).  

CANMAT (2013) recommend following pharmacological treatment (Yatham et al. 

2013):  

Table 3 CANMAT recommendation of pharmacological therapy of acute mania 

First line Monotherapy: lithium, valproate, aripiprazole, olanzapine, 

quetiapine, risperidone, asenapine, paliperidone, ziprasidone 

Adjunctive therapy with lithium or valproate: aripiprazole, 

risperidone, quetiapine, asenapine, olanzapine 

Second line Monotherapy: haloperidole, carbamazepine 

Combination therapy: lithium + valproate  

 

Atypical antipsychotics and valproate are preferred in the treatment of special 

forms like “rapid cycling” or mixed states (Möller et al. 2007). 
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Acute bipolar depression 

Whereas in the United States atypical antipsychotics and mood stabilizers are 

often used as a monotherapy for a bipolar depression, in Europe also 

antidepressants are in use more frequently. It should be considered that the use of 

antidepressants is seen controversially because they bear the risk of a switch from 

a depressive to a manic state. To avoid such a switch antidepressants are 

combined with mood stabilizers (Möller et al. 2007). 

 

CANMAT’s recommendation (2013):  

Table 4 CANMAT recommendation of pharmacological therapy of acute depression 

First line Monotherapy: lithium, quetiapine, lamotrigine 

Combination therapy: lithium or valproate + olanzapine, SSRI+ 

SSRI, lithium + valproate, lithium or valproate + bupropion 

 

Second line  Monotherapy: valproate 

Combination therapy:  quetiapine + lithium, SSRI or valproate + 

lithium, lamotrigine 

 

Maintenance therapy:  

After an acute state of bipolar disorder a maintenance therapy is required for at 

least six months. Lithium, valproate, olanzapine and quetiapine as monotherapy or 

in a combination therapy reveal notable rates of outcome. Möller et al. (2007) state 

a response of lithium prophylaxes of 65-80%. In case of an abrupt stop of a long 

time of lithium intake, the risk of “rapid cycling”, relapse and suicide raises 

significantly. Therefore the dose of lithium should be reduced slowly over months 

(Möller et al. 2007). 
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1.2. Circadian rhythm  

The circadian rhythm is an inner clock that is approximately corresponding to the 

day/night cycle of the rotation of the Earth (Czeisler et al. 1999). It influences 

several biological mechanisms such as the sleep-wake cycle, hormonal secretion 

(particularly melatonin and cortisol), body temperature and consequently mood 

(Linkowski 2003). Dysregulation may lead to physiological disturbances and 

especially sleeping disorders are a relevant issue in psychiatric disorders as they 

are a highly prevalent symptom (Charrier et al. 2017).  

A superordinate central clock generates the circadian rhythm. This master 

pacemaker is located at the suprachiasmatic nuclei (SCN) of the hypothalamus 

above the optic chiasm (Moore 1997; Reppert et Weaver 2002). Although the 

circadian rhythm slightly varies from 24 hours (Scheer et al. 2007) external stimuli, 

called zeitgeber, are able to synchronize the clock to 24 hours. A fundamental 

external stimulus in human is light. Retinal photosensitive receptors, rods and 

cones, excite if light falls on the retina. Thus, the information reaches the SCN via 

the so called “retinohypothalamic tract” (Reppert et Weaver 2002). 

Further zeitgeber are food intake, temperature, exercise and drugs (Tahara et 

Shibata 2013). Acosta-Galvan et al. (2011) showed in an experiment with mice an 

interaction between SCN and the hypothalamic dorsomedial nucleus (DMH), 

which is expected to be a food-entrained oscillator. In this context it is mentionable 

that periphery send the SCN hormonal or metabolic feedback (e.g. Leptin, 

Noradrenalin, FGF 21, glucose) and thus stabilize the circadian rhythm (Acosta-

Galvan et al. 2011; Buijs et al. 2016). Furthermore the SCN is linked with the 

immune system. Lesions in the SCN induce a 10 fold increase in immune 

response in rodents. In a study with individuals, who do shift work, the 

desynchronization of the SCN could explain associations with several health 

problems such as metabolic and cardiovascular dysfunctions and immune 

dysregulation (Guerrero-Vargas et al. 2014). Anew, this underlines the influence of 

a disturbed circadian rhythm.  

More than 20 genes are significantly involved in the control of the molecular clock. 

The underlying mechanism is a transcriptional translational feedback loop, where 

the cycle starts with a heterodimerization from ARNTL (Aryl hydrocarbon receptor 
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nuclear translocator-like) and CLOCK (Circadian Locomotor Output Cycles Kaput) 

or alternatively NPAS2 (Neuronal PAS domain protein 2) and ARNTL. As a 

second step the ARNTL-CLOCK (or ARNTL-NPAS2) heterodimers trigger the 

genetic transcription of CRY (Cryptochrome genes) and PER (Period genes) by 

binding to e-box-enhancer. Consecutively, PER and CRY proteins accumulate and 

gain their top concentrations after 12 hours in cytoplasma. Special casein kinases 

(Csnk1 or Csnk1e) or the glycogen-synthase-kinase-3b (Gsk3B) are able to 

phosphorylate the proteins. Phosphorylated PER and CRY proteins form 

heterodimers in cytoplasma and re-enter the nucleus, where the heterodimers 

supress their own transcription by binding to ARNTL-CLOCK complexes. Figure 1 

demonstrates the process of the feedback loop of the molecular mechanism. 

Deciding for the length of the cycle is the phosphorylation of PER and CRY and 

thus it is an important mechanism of phase shift (Bengesser S 2013).  

Additionally there is a second regulating mechanism.  The ARNTL-CLOCK 

complex initiates the synthesis of two proteins, RORA and REV-ERBa. The 

proteins bind to a receptor in the promoter of ARNTL and activate ARNTL’s 

expression (RORA) or inhibit the expression (REV-ERBa) (Bengesser S 2013).  

 

Figure 1 Mechanism of the feedback loop of the molecular clock. ARNTL-CLOCK activate PER’s 

and CRY’s expression in the nucleus. Afterwards, PER and CRY proteins accumulate in the 

cytoplasm, where they get phosphorylated by kinases and finally repress their own transcription. 
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1.2.1 Clock genes and their function 

ARNTL (BMAL1 or MOP3) 

The ARNTL-(Aryl hydrocarbon receptor nuclear translocator-like) gene is located 

at chromosome 11p15. BMAL1 (Brain and Muscle ARNT-like 1) is a synonym of 

ARNTL and also well established in literature. Several studies associated ARNTL 

with BD (Nievergelt et al. 2006; Mansour et al. 2006; Le-Niculescu et al. 2009; 

Soria et al. 2010). Focusing on BD, ARNTL plays a major role and has two main 

functions. First, it is an important factor of the feedback loop of the molecular 

circadian rhythm and as a heterodimer with CLOCK it is responsible for the 

expression of CRY1, CRY2, PER1, PER2 and PER3. Second, ARNTL builds a 

heterodimer with NPAS2 and after binding to specific sites (e-boxes) on the MAOA 

(monoamine oxidase A) promoter, the transcription and protein synthesis of MAOA 

starts. Subsequently, dopamine gets degraded resulting in a more depressive 

mood state (Bengesser S 2013). In this context Hampp et al. (2008) and Hampp et 

Albrecht (2008) demonstrated that elevated mood is linked with decreased 

expression of ARNTL, while in contrast, depressed mood is linked with increased 

expression of ARNTL (Hampp et Albrecht 2008; Hampp et al. 2008). 

Continuing associations with ARNTL concern somatic diseases like diabetes 

mellitus II, hypertension (Woon et al. 2007) and tumorigenesis as it is a putative 

regulator of p53 (Mullenders et al. 2009). The metabolic correlation of ARNTL was 

displayed by Shimba et al. in 2011, when ARNTL knock-out mice showed an 

elevated respiratory quotient and increased circulating fatty acids (Shimba et al. 

2011). 

NPAS2 

NPAS2 is a paralogue from CLOCK and as a heterodimer with ARNTL it 

participates in the feedback mechanism of the circadian rhythm. NPAS2 proteins 

operate as transcription factors and initiate the expression of other clock genes 

and MAOA (Bengesser S 2013; Akashi et Takumi 2005). In CLOCK knockout 

mice, NPAS2 substitutes CLOCK and stabilizes the circadian clock. However, a 

knockout of both genes (CLOCK and NPAS2), lead to arrhythmicity (Landgraf et 

al. 2016). Recent studies have claimed a significant correlation between NPAS2 
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and seasonal affective disorder through a metabolic pathway (Bengesser S 2013; 

Kim et al. 2015). Furthermore, NPAS2 seems to be involved in tumorigenesis of 

breast and colorectal cancer (Yi et al. 2010; Yuan et al. 2017). 

CLOCK 

Circadian Locomotor Output Cycles Kaput, CLOCK, is found at chromosome 

4q12. Its protein is a central transcription factor in the circadian rhythm, where it 

activates as a heterodimer with ARNTL the genetic expression of PER1, PER2, 

PER3, CRY1 and CRY2.  

The CLOCK-ARNTL dimer activates the transcription of a further clock gene, REV-

ERBa (reverse-erb receptor alpha), which inhibits the expression of ARNTL again 

and is a target of Lithium (Bengesser S 2013). So far, several polymorphisms in 

CLOCK were linked with abnormalities (Bengesser S 2013; Kripke et al. 2009). A 

single nucleotide polymorphism (SNP) in T311C was associated with increased 

insomnia and with a high relapse rate of BD (Serretti et al. 2003; Benedetti et al. 

2003). In this context, another research observed CLOCK mutant mice developing 

manic behaviour (Roybal et al. 2007). 

NR1D1 (REV-ERBa) 

The NR1D1 (nuclear receptor subfamily 1, group D, member 1) gene encodes a 

transcription factor that inhibits the transcription of ARNTL by binding on its 

promotor site. This inhibition leads to decreased activity of MAOA and 

consequently, to lower levels of dopamine, serotonin and noradrenalin with a 

promanic effect (Bengesser S 2013; Hampp et al. 2008). Additionally, NR1D1 has 

an effect on the treatment of BD since it is sensitive for Lithium (Bengesser S 

2013; Yin et al. 2006). Moreover NR1D1 has a key function in regulating metabolic 

processes in liver, macrophages, muscle, brown fat and brain (Jager et al. 2016).  
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PER1, PER2 and PER3 

PER1, PER2 and PER3 (Period genes) are upregulated by ARNTL-CLOCK 

heterodimers.  After being phosphorylated in the cytoplasma, they build 

heterodimers with CRY, resulting in a reentry of the nucleus with a following 

suppression of their own transcription by a negative feedback mechanism. The 

duration of the rhythm is depending on the process of phosphorylation of PER 

genes (Bengesser S 2013). Kripke et al. (2009) found significant associations in 

polymorphism of PER1 and PER2 and BD but not in PER3 (Kripke et al. 2009). 

Contrary, several studies revealed a significant relationship between PER3 and 

BD (Nievergelt et al. 2006; Mansour et al. 2006; Dallaspezia et al. 2011; 

Karthikeyan et al. 2014). In addition PER2 seems to influence the transcription of 

MAOA. Therefore, Hampp et al. (2008) reported a reduced expression of MAOA in 

PER2 mutant mice, leading to increased levels of dopamine and promanic 

behaviour (Bengesser S 2013; Hampp et al. 2008). PER2 has also been related to 

Lithium, which is important in the therapy of BD (McCarthy et al. 2013).  

CRY1, CRY2 

Cryptochrome genes are located at chromosome 12q23-q24.1 (CRY1) and 

11p11.2 (CRY2). Equal to PER1-3, CRY1 and CRY2 are main regulators in the 

SCN’s feedback mechanism. Anand et al. (2013) analysed CRY1 and CRY2 and 

claimed that both lessened the circadian rhythm but CRY1 was significantly more 

influential than CRY2 (Anand et al. 2013).  

Although many studies associated CRY1 with BD (Soria et al. 2010; Ewald et al. 

2002; Green et al. 2005; Glaser et al. 2005; Cassidy et al. 2007) others could not 

find any associations (Nievergelt et al. 2005; Mansour et al. 2006; Shi et al. 2008). 

CRY2 was found to be highly linked with rapid cycling in BD (Sjoholm et al. 2010), 

depression and dysthymia (Kovanen et al. 2013; Lavebratt et al. 2010). 
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TIMELESS (TIM) 

The importance of TIMELESS as a clock gene was shown in an experiment with 

Drosophila melanogaster but in mammals it is controversial if the impact is similar. 

It seems that TIM dimerizes with CRY or PER proteins (Mazzoccoli et al. 2016). 

However, studies associated TIMELESS with BD (Etain et al. 2014; Rybakowski et 

al. 2014) but other could not prove (Shi et al. 2008). 

RORA, RORB 

RAR-related orphan receptor (ROR) can be classified to the group of nuclear 

receptors and there are three forms. Considering the circadian rhythm two forms 

are interesting and therefore associations with bipolar disorder were found in 

RORA (Soria et al. 2010; Lai et al. 2015; Geoffroy et al. 2015) and RORB (Lai et 

al. 2015; Geoffroy et al. 2015; Mansour et al. 2009; McGrath et al. 2009). In 

contrast, for RORA no significance was found from McGrath et al. (2009).  

CSNK1D, CSNK1E 

Casein kinase 1D and casein kinase 1E are responsible for the phosphorylation of 

core clock genes. Particularly the phosphorylation of PER is determining the 

duration of the circadian rhythm (Bengesser S 2013). Etchegaray et al. (2009) 

revealed the importance of CSNK1D for maintaining the molecular clock in 

mammals (Etchegaray et al. 2009). 

BHLHB2 

Basic helix loop helix class b2 is a gene that encodes a protein, which can interact 

with ARNTL or in another mechanism bind in the promotor of PER1 and thereby 

repress CLOCK/ARNTL. Shi et al. (2008) could find a significant association 

between a SNP (rs6442925) and BD.  
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Table 5 Summary of important clock genes and their association with BD 

Clock gene Function Significantly associated 

with BD 

ARNTL   

(BMAL1) 

Important factor in the negative 

feedback loop of the molecular clock 

 

As a heterodimer with CLOCK 

responsible for transcription of CRY1, 

CRY2, PER1, PER2 and PER3 

 

As a heterodimer with NPAS2 it 

starts the protein synthesis of MAOA 

Nievergelt et al., 2006; 

Mansour et al., 2006; Le-

Niculescu et al., 2009; 

Soria et al., 2010; 

Bengesser S, 2013 

NPAS2 As a heterodimer with ARNTL it 

starts the protein synthesis of MAOA 

 

Stabilizes the circadian rhythm in 

CLOCK knockout mice 

Bengesser S, 2013; 

DeBruyne et al. 2004; 

Landgraf et al. 2016 

CLOCK Transcription factor with ARNTL for 

CRY1, CRY2, PER1-3 and NR1D1 

Shi et al. 2008; Kripke et 

al. 2009; 

NR1D1  

(REV-ERBa) 

Inhibits transcription of ARNTL  Kripke et al. 2009 

Severino et al. 2009 

PER1 

PER2 

PER3 

PER and CRY are upregulated by 

ARNTL-CLOCK. They build PER-

CRY heterodimers after being 

phosphorylated and thus supress 

their own transcription 

PER1-2:Kripke et al. 

2009; 

PER3: Mansour et al. 

2006; Nievergelt et al. 

2006; Dallaspezia et al. 

2011; Karthikeyan et al. 

2014 

CRY1 

CRY2 

 CRY1: Ewald et al. 2002; 

Glaser et al. 2005; Green 

et al. 2005; Cassidy et al. 

2007; Soria et al. 2010; 

 

http://www-1sciencedirect-1com-1pubmed.han.medunigraz.at/science/article/pii/S016503271530255X#bib91
http://www-1sciencedirect-1com-1pubmed.han.medunigraz.at/science/article/pii/S016503271530255X#bib79
http://www-1sciencedirect-1com-1pubmed.han.medunigraz.at/science/article/pii/S016503271530255X#bib65
http://www-1sciencedirect-1com-1pubmed.han.medunigraz.at/science/article/pii/S016503271530255X#bib65
http://www-1sciencedirect-1com-1pubmed.han.medunigraz.at/science/article/pii/S016503271530255X#bib123
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TIMELESS Dimerizes with CRY or PER proteins Mansour et al. 2006; 

Etain et al. 2014; 

Rybakowski et al. 2014 

RORA 

RORB 

ROR- related orphan receptor are 

nuclear receptors and are involved in 

the circadian rhythm 

RORA: Soria et al. 2010; 

Lai et al. 2015; Geoffroy 

et al.2015 

RORB: Mansour et al. 

2009; McGrath et al. 

2009; Lai et al. 2015; 

Geoffroy et al.2015 

CSNK1D 

CSNK1E 

Phosphorylate core clock gene and 

especially the phosphorylation of 

PER determines the circadian rhythm 

CSNK1D: Kripke et al. 

2009; 

CSNK1E: Nievergelt et al. 

2006; Shi et al. 2008; 

BHLHB2 Binds to PER1 and represses 

CLOCK/ARNTL 

Shi et al. 2008 

1.3. Neurotransmitters 

1.3.1 Mechanism 

Neurotransmitters are chemical substances, which transfer signals from a neuron 

to another neuron, gland or a muscle cell via synapses. They are stored at 

vesicles in axons. A depolarising action potential at the end of a nerve leads to an 

opening of calcium channels, since they are voltage-sensitive. Subsequently, the 

inflow of calcium at the terminal of an axon induces a fusion between vesicles, 

which are full of neurotransmitters, and the presynaptic membrane. This process 

releases the neurotransmitters into the synaptic cleft, where they bind to receptors 

at the postsynaptic membrane. It has to be added, that the availability of the 

neurotransmitters in the synaptic cleft is only for a short time because of enzymatic 

metabolism or reuptake by transporters into the presynaptic synapse as well. 

The effect of binding to specific receptors can only be excitatory or inhibitory. An 

excitatory receptor leads to a local depolarisation by an increased permeability for 

sodium and potassium. In contrast, an inhibitory receptor causes a 

hyperpolarisation (Horn 2009).  
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1.3.2. Receptors 

Two different types of neurotransmitter receptors are known so far: the ionotropic 

and the G-protein coupled receptor.  

The ionotropic receptor is a receptor and a transmembrane ion channel 

simultaneously. In response to a binding ligand the ion channel opens or closes, 

which influences the flow of ions in the membrane.  

The second types are the G-protein coupled receptors. These receptors are the 

most common ones within the neurotransmitters. The mechanism of signal 

transduction consists of four steps. First, a ligand binds to the transmembrane 

receptor. This is leading to a conformational change in the G-protein, which is 

coupled to the receptor. Thus, the G-protein is activated and in a second step 

activates an enzyme. In this context, the two most important enzymes are 

adenylate cyclase and phospholipase C. Third, the activated enzyme releases a 

second messenger. Cyclic adenosine monophosphate (cAMP) as a product of an 

activated adenylate cyclase and inositol 1,4,5-trisphosphate (IP3) and diacyl 

glycerol (DAG) as a product of phospholipase C. The last step is the mediation of 

the intracellular effect of the neurotransmitters (Horn 2009). 

1.3.3. Chemical classification 

There are many known neurotransmitters and one way to classify them is by their 

chemistry (Monoamines, amino acids, peptides). Several prominent examples are 

in the following table (6). 

Table 6 Chemical Classification of Neurotransmitters 

Monoamines  Amino acids  Peptides  

Dopamine Glutamate Somatostatin 

Norepinephrine Aspartate Substance P  

Epinephrine  Glycine  Neuropeptide Y  

Serotonin GABA Enkephalin 

Histamine    
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1.3.4. Monoamines 

In matters of psychiatric disorders, the group of monoamines seem to have an 

enormous impact. The “monoamine hypothesis”, developed since the 1960s, 

assumes, that imbalances in the neurotransmission cause mood disturbances.  

This hypothesis was first supported by the effect of antidepressants, which 

increase the levels of amines in the synaptic cleft by either inhibiting their reuptake 

or blocking their metabolism. Nowadays, numerous studies confirmed a 

dysfunction in neurotransmission in psychiatric disorders. In consideration of the 

bipolar disorder, exaggerated levels of monoamines were associated with mania 

as well as low levels were associated with a depressive state (Möller et al. 2007; 

Bengesser S 2013). 

Monoamines can further be divided in 3 classes:  

1. Catecholamines   

2. Indolamines 

3. Histamine 

 

1.3.5. Biosynthesis of monoamines  

Necessary for the biosynthesis of all biogenic amines is the course of action of 

decarboxylation. Therefore the coenzyme pyridoxal phosphate, the active form of 

vitamin B6, is indispensable (Horn 2009). 

Dopamine (DA), norepinephrine (NE) and epinephrine (EPI) belong to the 

catecholamines and derive from the essential amino acids phenylalanine (PHE) 

and tyrosine (TYR). PHE can be converted by the phenylalanine 4-hydroxylase 

into TYR. The rate-limiting process in the biosynthesis of catecholamines is the 

hydroxylation of TYR to dihydroxyphenylalanine (DOPA). This process is 

catalysed by the tyrosine hydroxylase. When DOPA is formed, it is decarboxylated 

by aromatic l-amino acid decarboxylase and as a product, DA results. The enzyme 

dopamine b-hydroxylase converts DA into NE. Neurons that use EPI as 

transmitter, contain another enzyme, phenylethanolamine-N-methyl transferase, 

which converts NE into EPI (Fernstrom et al. 2007). The biosynthesis of DA, NE 

and EPI is shown in figure 2.  
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Figure 2 Biosynthesis of dopamine, norepinephrine and epinephrine (Windahl 2009) 

  

5-hydroxytryptamine, better known as serotonin (5-HT), is chemically regarded an 

indolamine and it is derived from tryptophan, which is an essential amino acid. 

Analogue to the catecholamine biosynthesis there is a rate limiting enzyme 

(tryptophan hydroxylase), which converts tryptophan into 5— hydroxytryptophan. 

In a further step an enzyme (5-hydroxytryptophan decarboxylase) transforms 5-

hydroxytryptophan into 5-HT (Gross et al. 2016). Moreover, 5-HT can be 

converted into N-acetylserotonin by arylalkylamine N-acetyltransferase and in a 

last step to melatonin by acetylserotonin O-methyltransferase (Etain et al. 2014). 

Figure 3 shows the biosynthesis of 5-HT and melatonin.  

 

 

Figure 3 Biosynthesis of serotonin and melatonin (Windahl 2009) 

 

1.3.6. Inactivation and metabolism of monoamines 

Once in the synaptic cleft, monoamine neurotransmitters operate as long as 

specific transporter reuptake them. This reuptake brings the neurotransmitters into 

the nerve terminal, from which they were released before. The inhibition of 

monoamine reuptake is a prominent onset in the medical therapy of many 

psychiatric disorders.  
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The breakdown of monoamines mainly requires two enzymes. The first one is the 

monoamine oxidase (MAO). MAO is bound to the outer membrane of the 

mitochondria and belongs to the group of flavin-containing amine oxidoreductases. 

According to its name, oxygen is used to catalyse the deamination resulting in a 

correspondent aldehyde. MAO is classified into two subtypes: MAO-A and MAO-B. 

Both share about 70% of their identity but vary in the preferentially metabolism. 

Whilst MAO-A primarily oxidizes serotonin, norepinephrine, epinephrine, melatonin 

and dopamine, MAO-B prefers to metabolise dopamine, a catecholamine-related 

trace amine, called phenethylamine and norepinephrine. Serotonin can also be 

oxidised by MAOA-B, but only in a slow way. This differentiation preserves a 

clinically relevance, since MAO-A inhibitors are used as antidepressants and 

MAO-B inhibitors in the pharmacological treatment of Parkinson’s disease (Möller 

et al. 2007; Horn 2009; Gaweska et Fitzpatrick 2011).  

The second enzyme, that is important in the metabolism of monoamines, is the 

Catechol-O-methyl-transferase (COMT). It degrades catecholamines by 

methylation of the catechol-ring. COMT is also able to methylate substrates, which 

have been metabolised by MAO before. At the end of both breakdown pathways, 

metabolites are formed. These metabolites can be measured and have a 

significant role in clinic and research (Möller et al. 2007; Horn 2009). 

 

1.3.7. Dopamine  

Dopamine, as a neurotransmitter in the CNS, is built in cell bodies that are 

predominantly located in the mesencephalon. The cell bodies are confined to 

cluster and project to several other brain areas. Dahlström (1964) first identified 

areas with dopaminergic neurons (dopamine-producing cells). These areas are the 

substantia nigra (SN), the ventral tegmental area (VTA), the zona incerta, the 

arcuate nucleus the posterior hypothalamus and the periventricular nucleus. The 

projection of dopamine contains four major pathway systems: 
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 The nigrostriatal pathway  

Its origin is in the pars compacta of the SN and projects to the dorsal 

striatum with an important function in motor activity. 

 

 The mesolimbic pathway 

This pathway begins in the VTA and ends in the ventral striatum, bed 

nucleus of the stria terminalis, hippocampus, and septum. Together with the 

mesocortical pathway it has a significant role in reward seeking, working 

memory, emotional processing, attention and impulsivity. 

 

 The mesocortical pathway 

Equal to the mesolimbic pathway, the mesocortical originates in the VTA 

area but extends extensively more to the frontal and temporal cortices. 

 

 The tuberoinfundibular pathway 

The arcuate and the periventricular nucleus form the tuberoinfundibular 

pathway. It reaches the pituitary gland and has an impact on prolactin’s 

secretion.   

 

The effect of DA depends on the type of receptor. Dopamine receptors are G-

protein coupled receptors and can either stimulate or inhibit the production of 

cAMP. In this context you can classify the receptor in two families: D1-like (D1 and 

D5) and D2-like (D2, D3 and D4). The D1-family increases the cAMP-

concentration and thus has an excitatory effect. Contrary the D2-family decreases 

the cAMP-concentration, resulting in an inhibitory effect.  

The distribution of the different types of receptors is not equally within the brain. 

Whereas D1-receptors are the most common and are typically found in the 

prefrontal cortex, striatum and thalamus, D5-receptors are located in the entorhinal 

cortex, hippocampus and striatum. The D2-family prefers the striatum. while D3-

receptors are highly prevalent in the ventral striatum, prefrontal regions (D2- and 

D4-receptors), hippocampus (D4-receptors) and low concentrations of D2-

receptors in medial temporal regions (Möller et al. 2007; Cousins et al. 2009).  
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Dopamine in BD 

Historically, the dopamine hypothesis claims, that a hyperdopaminergic state leads 

to the development of manic and even psychotic symptoms. Reversely a 

hypodopaminergic state induces depressive episodes. This simplified view did not 

clarify how a change in states arises. Nowadays, the exact mechanism still 

remains unclear but models propose a cyclical dysregulation in dopamine 

neurotransmission. Increased dopamine neurotransmission leads to manic 

episodes. Afterwards, the homeostatic mechanism comes into action with a 

secondary downregulation of receptors and key system elements, with the 

consequence of a reduced dopamine neurotransmission, typically for a depressive 

state. Anew, the feedback mechanism starts and upregulates the 

neurotransmission, which could lead to the next episode. The phenomena of 

mixed states, which could never be explained with the classic dopamine 

hypothesis, could be the effect of a desynchronization of different receptor types or 

regions within the cycle (Berk et al. 2007).  

Animal models with dopamine transporter knockout rodents presented manic-like 

behaviours with increased locomotion and exploration. The same results were 

observed by stimulating the dopamine receptors with the dopamine agonist 

quinipirole. In matters of the circadian rhythm, a study with CLOCK gene knockout 

mice demonstrated manic-like behaviours synchronously with a raised 

dopaminergic activity in the VTA, an elevated DA synthesis, plus an increased 

tyrosine hydroxylase activity (Sidor et al. 2015; Ashok et al. 2017). A recent review 

by Ashok et al. (2017) summarized numerous studies in BD patients and the main 

results for mania were on the one hand, a pharmacologically proof, that increased 

concentrations of DA induce to manic symptoms. On the other hand, elevations in 

D2- and D3- receptor densities were noticed. Further investigations with functional 

magnetic resonance imaging (fMRI) showed hyperactivities of the reward cycle in 

mania. In bipolar depression the findings focused on an increased level of 

dopamine transporters.  
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1.3.8. Norepinephrine (Noradrenaline)  

Equal to dopamine, noradrenergic areas in the brain were first identified by 

Dahlström (1964). These areas are located at the lateral tegmentum and most 

importantly at the locus coeruleus. The projections of the locus coeruleus reach 

almost every part of the cerebral cortex, cerebellum, brainstem and the medulla 

spinalis. Projections of the lateral tegmentum and smaller areas in the pons and 

the medulla terminate in the basal forebrain, thalamus, hypothalamus, brainstem 

and the medulla spinalis (Möller et al. 2007). 

Two families of noradrenergic receptors are known so far: alpha and beta. The 

families are further subdivided in alpha1, alpha2, beta1 and beta2. All are G- 

proteins coupled receptor. Alpha1, beta1 and beta2 have an excitatory effect by 

either activation of phospholipase C (alpha1) or activation of adenylate cyclase 

(beta1 and beta2). Contrary, alpha2 receptors inhibit the adenylate cyclase, 

leading to decreased levels of the second messenger cAMP. Interestingly, alpha2 

receptors are also found pre-synaptically, where they form a feedback-mechanism 

and inhibit the release and production of norepinephrine (Möller et al. 2007). 

 

Norepinephrine in BD 

Several abnormalities concerning norepinephrine and bipolar disorder were found 

in the hitherto literature. In a posthumous study of BD patients a significantly 

increased norepinephrine turnover was found in thalamic and cortical areas 

(Young et al. 1994). Furthermore, lower plasma levels of NE`s main metabolite 3-

metoxy-4-hydroxyphenylglycol (MHPG) were found in bipolar depressed patients 

compared to unipolar depressed ones and higher levels were observed in manic 

BD patients than in depressed BD patients. Additionally, the urine concentration of 

norepinephrine and MHPG is lower in depressed than in manic BD patients (Manji 

et al. 2003). It is worth mentioning, that Kurita et al. (2014) claimed, that MHPG 

could be a candidate biomarker from the manic to remission state, since they 

found a weighty correlation between peripheral MHPG and the severity of mania, 

measured by Young Mania Rating Scale (Kurita et al. 2014). 
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1.3.9. Serotonin 

Serotonergic neurons are mainly found in the brainstem. Especially the dorsal and 

the median raphe nucleus, which are part of the formation reticularis, are of prime 

importance as serotonergic projection systems. Their projections reach 

cerebellum, spinal cord, thalamus, amygdala, hippocampus, hypothalamus and 

cortex.  

The serotonin receptors (5-HT – receptors) are mainly G-protein coupled receptors 

with one exception: the 5-HT3 receptor, which is an ionotropic one. Once more, 

the HT-receptors can be classified in families: from 5-HT1 to 5HT-7. To give a 

simplified view about the mechanism, one can assert, that 5-HT1 receptors inhibit 

the adenylate cyclase with the effect of decreased cAMP. Obversely, binding to 5-

HT4,6,7 receptors lead to an activation of the adenylate cyclase with increased 

cAMP. 5-HT2 receptors operate with an activation of phospholipase C and 

consequently raised levels of IP3 and DAG. As mentioned above, 5-HT3 is an 

ionotropic receptor and effectuates an influx of cations (Möller et al. 2007; Horn 

2009). 
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1.4. Aims and hypothesis  

Methylation of genes is an epigenetic mechanism, which influences the expression 

of genes. It is a complicated and not fully known procedure but according to 

current knowledge the higher the methylation status of a gene, the lower the gene 

expression. Latest research by Bengesser et al. (2016) has already shown 

significant differences in the methylation status of ARNTL between BD patients 

and controls at two different sites. The first was at the CG site cg05733463 were 

BD patients showed a higher methylation status than controls and the second was 

PS2 POS1 with an inverse result (Bengesser et al. 2016).  

In this thesis, I would like to widen this research and investigate if there is a 

correlation between methylated ARNTL and the peripheral levels of DA and NE in 

BD patients compared to healthy controls.  

An illustrated summary of my main hypothesis, based on research by Bengesser 

et al. (2016), Hampp et al. (2008) and Hampp et Albrecht (2008) is depicted in 

figure 4 below.   

 

My hypothesis:   

1.) There is a significant positive correlation between the status of methylated 

ARNTL and the peripheral levels of bound DA and bound NE in BD 

patients.  

2.) There is a significant difference in the peripheral levels of bound DA and 

bound NE between BD patients and controls.  
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Figure 4 Illustration of the main hypothesis; A high status of methylation of ARNTL is leading to an 
decreased expression of ARNTL, which is responsible for MAOA's expression; subsequently 
decreased levels of MAOA cause increased catecholamines (DA, NE); elevated levels of DA and 
NE are highly linked with BD (more precisely with mania); MAOA… monoamine oxidase A, DA… 
dopamine, NE… norepinephrine  
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2. Material and Methods 

2.1. Design of the study  

Under the direction of Assoz. Prof.in Priv.-Doz.in Dr.in med.univ. et scient.med. 

Reininghaus Eva data of two studies (BIPFAT Follow-Up and the BIPGEN study) 

were gathered at the Department of Psychiatry and Psychotherapeutic Medicine at 

the Medical University of Graz (MUG). The primary aim of the studies was to 

analyse pathomechanisms of BD in association with metabolic measures.   

Patients were diagnosed with BD by using the SCID-I (Structured Clinical 

Interview for DSM-IV Axis I Disorders) according to the DSM-IV criteria. Study 

participants were former in- or outpatients of the Department of Psychiatry and 

Psychotherapeutic Medicine. The study included a complete actual and lifetime 

psychiatric history, fasting blood sampling, anthropometric measures, cognitive 

testing, an electroencephalogram, magnetic resonance imaging of the brain and 

numerous lifestyle questionnaires. Exclusion criteria for the participation in the 

study were several chronic diseases, like Alzheimer’s and Parkinson’s diseases, 

Chorea Huntington, multiple sclerosis, lupus erythematosus, inflammatory bowel 

diseases, rheumatoid arthritis and chronic obstructive pulmonary disease (COPD). 

Test person of the healthy control group must not have any psychiatric disorder in 

their lifetime history. Another excluding criteria in the control group was severe 

psychiatric disorders in first-grade relatives. A written informed consent was 

demanded from all individuals (BD-patients as well as controls) before 

participating (Bengesser et al. 2016; Reininghaus et al. 2014).  

The ethics committee of the MUG permitted both studies (BIPFAT and BIPGEN) in 

compliance with the current revision of the Declaration of Helsinki, the 

International Conference on Harmonization (ICH) guidelines for Good Clinical 

Practice and current regulations (Reference numbers: 24-123 ex 11/12 and 23-

199 ex 10/11).  
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2.2. Diagnosis of Bipolar Disorder by SCID-I 

As mentioned earlier, BD was diagnosed by using SCID-I. The interview started 

with an open exploration, in which the examined person gave a rough overview 

about present and past symptoms. Afterwards, the structural part began, in which 

the interviewer queried certain modules (A-J, see the table 7 below) in open 

questions. Depending on the interviewer’s assessment of the answers, the 

interviewer found a reference to the next question. Lastly, in a procedure of 

exclusion, a diagnosis according to the DSM IV – criteria was established.  

Table 7 Modules of SCID-I with examples 

Module  Example  

A - Mood Episodes Major Depressive Episode, (Hypo-) Manic Episode

  

B - Psychotic Symptoms Delusions, Hallucinations 

C - Psychotic Disorders Schizophrenia (paranoid or catatonic type) 

D - Mood Disorders BD I, BD II, Other BD 

E - Substance Use  

Disorders 

Alcohol and/or drug abuse 

F - Anxiety Disorders Panic Disorder 

G - Somatoform Disorders  Pain Disorder 

H - Eating Disorders Anorexia nervosa, Bulimia nervosa 

I - Adjustment Disorder Adjustment Disorder 

J - Optional Module Acute Stress Disorder 
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2.3. Analysis of methylated ARNTL 

The methylation status of ARNTL was measured by investigating several CG- rich 

(Cytosine and Guanine) regions. The regions were POS2 POS1-7 and 

cg05733463. In order to assess the methylation, numerous procedures and the 

cooperation of other departments were necessary. The Institute of Human 

Genetics at the MUG conducted the DNA-isolation from fasting blood with the 

salting out technique. As the name suggests, this method salted out DNA of 

cellular proteins by dehydration and precipitation with a saturated NaCl (sodium 

chloride) solution. In the next step the methylation analysis was conducted at the 

Institute of Neuropathology at the University of Bonn. In detail, the isolated DNA 

was treated with bisulfite. This treatment was performed with the Epitect-Kit® by 

Qiagen (Hilden, Germany). Thereby unmethylated cytosine was transformed into 

uracil by deamination, while methylated cytosine was protected and thus not 

modified. Afterwards the specialized cooperation partners performed a 

Polymerase Chain Reaction (PCR) and a pyrosequencing according to their SOP 

(Standard Operation Procedure) to detect the changes of the DNA-sequences. 

The primers, which were used for PCR and pyrosequencing, are given in table 8 

below.    

Table 8 Used primers for pyrosequencing and PCR (conceived by Prof. Andreas Waha); f… 
forward, r… reverse, ps… pyrosequencing, BIOT… biotinylated 

Primer for cg05733473 cg05733463-f 

 

cg05733463-r 

 

 

cg05733463-

ps 

GGGAATTGTTTTTTTGGTTGTAGT 

 

CCCACAACACAAAATATTAATCAT 

(BIOT.) 

 

TGTTTTTTTGGTTGTAGTTTAA 

Primer for Pos2 PS2-f 

 

PS2-r 

 

 

PS2-ps 

TAGGGTAGGTAGAGGTGTTGTAGG 

 

TCACTACCCCCAAAAACAAAACTAT 

(BIOT.) 

 

GGTGTTGTAGGAGTTT 
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Afterwards, the sequences differed, depending on the methylation status of the 

cytosines. Finally, the methylation status was calculated and stated in percent. 

The summary of the workflow from a peripheral blood sample to the status of 

methylation is illustrated in figure 5. 

 

 

 

Figure 5 Workflow of the analysis of methylated ARNTL 
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2.4. Analysis of Dopamine and Norepinephrine levels in 

peripheral blood 

The analysis of the catecholamines DA and NE of peripheral blood was performed 

by a high performance liquid chromatography (HPLC) with a kit called “ClinRep 

HPLC Komplettkit Katecholamine im Plasma” of the company “Recipe”. The 

underlying principle in the measure is an electrochemical detection of the turnover 

of substances. This turnover leads to a donation or acceptance of electrons at the 

working electrode, depending on oxidation or reduction. Thereby electric current, 

which is directly proportional to the concentration of the substances, is generated 

and afterwards measured by a detector. Finally, through the signals of the HLPC’s 

detector, the concentration of the measured samples can be assessed by a 

comparison with known standards and is shown in a chromatogram.  

An example for a chromatogram is given in figure 6. The letters A, B, C stand for 

fictive substances. The retention times (measured in minutes) of the substances 

are the known standards and with this knowledge you can identify, which peak 

(measured in millivolt) belongs to which substance. In a simplified conclusion you 

can say, the bigger the area under the peak, the higher is the concentration of the 

substance.  
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Figure 6 Model of a chromatogram with fictive substances A, B and C. The higher the area under 

the peak, the higher is the concentration of the substance; mV... millivolt, min… minutes 

 

Before analysis with HPLC, a chemical treatment of the sample is essential. 

Therefore, following procedure was performed: 

1. Application of 1.0ml plasma and 0.05ml Internal Standard in a clean-up 

column 

2. Centrifugation and removal of the supernatant  

3. Consecutive washing  (3x) of the sample with 1.0ml washing solution 

4. Application of  0.12ml elution reagent   

5. Injection of 0.04ml eluate into the HPLC  

As described above, the chromatogram reveals the concentrations of the free 

catecholamines. Since there are also bound catecholamines in blood, a second 

sample was incubated in sulfatase and β-glucuronidase before the treatment with 

the kit. The HPLC-result of this sample provides data about the total amount of 

catecholamines. The concentration of the bound catecholamines results in a 

difference between total and free catecholamines.  
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2.5. Statistical analysis   

The statistic tool IBM SPSS version 23 was used for the analysis in this thesis and 

a significance level of p < 0.05 was set. Prior to testing, I excluded 12 dopamine 

and 6 norepinephrine values because of extreme spikes in the boxplot. Normality 

distribution was tested with the Kolmogorov Smirnov test. The homogeneity of the 

sample was additionally tested with the Levene’s test. In case of a normal 

distribution the t-test and in case of a non-normal distribution Mann-Whitney-U test 

was used to investigate if there are differences in the levels of bound dopamine 

and norepinephrine in bipolar patients and controls.  

The non-parametric Spearman’s rank correlation coefficient was used to analyse 

the correlation of methylated ARNTL at the cg05733473 site and bound dopamine 

and bound norepinephrine.  
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3. Results 

3.1. Description of the cohort  

At the time of evaluation data of 229 participants were collected. A comparison 

between BD-patients and controls is shown in table 9 below.   

 

Table 9 Description of the cohort; M… mean, N… number, SD… standard deviation, kg… 

kilogram, m… metre. 

 BD-patients Controls 

Number of participants 

(N) 

159 70 

Males (N) 76 26 

Females (N) 83 44 

Age [years] 

(M +/- SD) 

44.27 (+/- 13.91) 41.23 (+/- 15.6) 

Body Mass Index 

[kg/m²] 

(M +/- SD) 

28.07 (+/- 6.14) 25.08 (+/- 4.73) 

Lithium Intake  [%] 26% - 

 

The stage of overall 71 BD-patients was known and the result is shown in the 

following table. 

Table 10 Clinical classification of BD-patients 

Stage  Number 

Manic 0 

Hypomanic 2 

Euthymic  49 

Depressive 20 
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3.2. Analysis of bound catecholamines in BD- patients and 

controls 

In BD–patients 78 valid values of bound dopamine and 84 of bound 

norepinephrine were measured and in controls 46 bound dopamine and 47 bound 

norepinephrine data were analysed. The descriptive statistic is shown in table 11 

and 12.  

Table 11 Bound catecholamines in BD–patients; Abbreviations: Min… Minimum, Max... Maximum, 
DA… dopamine, NE… norepinephrine; values of DA and NE in [pg/ml] 
 

 N  Min  Max M SD  

Bound DA 78  1494.80 7467.70 3719.72 1418.94 

Bound NE 84 436.00 4132.20 1665.95 812.43 

 

Table 12 Bound catecholamines in controls; Abbreviations: Min… Minimum, Max... Maximum, 
DA… dopamine, NE… norepinephrine; values of DA and NE in [pg/ml] 

 N  Min  Max M SD  

Bound DA 46  1591.40 8819.70 4342.60 2093.08 

Bound NE 47 487.10 4155.40 1960.02 889.19 

 

Furthermore, an illustration of the descriptive statistic in form of a boxplot (figure 7 

and 8) is shown to compare the two groups and histograms were made for the 

evaluation of the distribution (figure 9-12).  

Prior testing I evaluated the homogeneity with Levene’s test. The values of bound 

dopamine showed a heterogeneity between the group of BD and control 

(F(1,122)= 12.842, p< 0.001). As a consequence, I used the non-parametric 

Mann-Whitney- U test. No significant difference was found in the levels of bound 

DA between individuals with BD and controls (p= 0.255). 

According to Levene’s test, the bound NE values were revealed a homogeneity 

(F(1,129)= 0.498, p= 0.482). Hence, I conducted the parametric t-test. The result 

was a p= 0.057, which is not a significant outcome as well.  
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Figure 7 Boxplot of the levels of bound DA between BD and controls; BD… bipolar disorder, DA… 

dopamine, pg… picogram, ml… millilitre 

 

 

Figure 8 Boxplot of the levels of bound NE between BD and controls; BD… bipolar disorder, NE… 

norepinehprine, pg… picogram, ml… millilitre 
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Figure 9 Histogram of the distribution of the levels of bound DA in BD; BD… bipolar disorder, DA… 

dopamine, pg… picogram, ml… millilitre, M… mean, SD… standard deviation, N… number 

 

 

Figure 10 Histogram of the distribution of the levels of bound DA in controls; DA… dopamine, pg… 
picogram, ml… millilitre; M… mean, SD… standard deviation, N… number 
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Figure 11 Histogram of the distribution of the levels of bound NE in BD; BD… bipolar disorder, 
NE… norepinephrine, pg… picogram, ml… millilitre, M… mean, SD… standard deviation, N… 

number 

 

Figure 12 Histogram of the distribution of the levels of bound NE in controls; NE… norepinephrine, 

pg… picogram, ml… millilitre, M… mean, SD… standard deviation, N… number 
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3.3. Analysis of a correlation between status of methylated 

ARNTL and bound DA and NE 
 

The analysis of correlation was conducted using the non-parametric Spearman’s 

rank correlation. No significant result was found for both groups. The statistical 

outcomes are displayed in table 13 and 14.   

Table 13 Spearman correlation between bound DA and NE and status of methylated ARNTL in 

BD- patients; BD… bipolar disorder, DA… dopamine, NE… norepinephrine 

 Bound DA Bound NE 

Status of methylated 

ARNTL in BD-patients 

r= -0.091 

p= 0.426 

r= -0.083 

p= 0.454 

 

 

 

Table 14 Spearman correlation between bound DA and NE and status of methylated ARNTL in 

controls; DA… dopamine, NE… norepinephrine 

 Bound DA Bound NE 

Status of methylated 

ARNTL in controls 

r= -0.059 

p= 0.738 

r= -0.161 

p= 0.340 
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4. Discussion 

The aim of this thesis was to investigate, if there is a correlation between the 

status of methylation of ARNTL and the bound forms of the catecholamines 

dopamine and norepinephrine in peripheral blood. My main hypothesis was based 

on the research result of Bengesser et al. (2016), who found a significant higher 

methylation of ARNTL at the cg05733473 site in BD than in controls and Hampp et 

al. (2008) as well as Hampp et Albrecht (2008), who proved the influence of the 

circadian rhythm in the expression of MAOA and as a further consequence in 

raised or decreased levels of neurotransmitters.  

In a further hypothesis I investigated if there are differences in the levels of bound 

dopamine and norepinephrine in peripheral blood between BD and controls. We 

did not find significant differences between individuals with BD and controls in this 

study. 

 

4.1. Discussion of the catecholamine levels 

Individuals with BD are suffering from pathological mood disturbances, 

experiencing episodes of (hypo-) manic and depressive episodes. There are 

numerous studies that have proven a correlation between mood episodes and 

changes in neurotransmitter levels (described in chapter 1.3.7. and 1.3.8.), even 

more neurotransmitter hypothesis of depression is one of the oldest and has risen 

since decades. 

My consideration, regarding the measurements of distinctive levels of 

catecholamines in association with current mood symptoms in this study, was that 

it could be a simply performable way to identify early changes in the peripheral 

levels of DA and NE in a venepuncture as a routine check. At best, differences in 

these levels could be detected before the occurrence of distinctive mood episodes 

and in a synopsis with the clinical presentation of the patient the attending 

psychiatrist could adapt the pharmacological treatment as well as influence the 

individual’s behaviour to avoid or at least soften episodes with clinical relevance.  
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For the identification of BD-biomarkers, one role model was the meta-analysis by 

Fernandes et al. (2015), who claimed a link between brain-derived neurotrophic 

factor (BDNF) in peripheral blood and BD. The findings of this study showed 

decreased levels of BDNF in both forms of bipolar episodes, while in contrast 

normal levels in euthymic state were found. Furthermore, the levels of BDNF 

correlated negatively with the severity of mood symptoms. In summary, BDNF was 

identified as a biomarker for disease activity but no as a biomarker for episodes 

(Fernandes et al. 2015).  

A further study showed an association of 3-methoxy-4-hydroxyphenylglycol 

(MHPG) and BD I. MHPG, which is a metabolite of NE’s breakdown in the CNS, 

was found in significantly lower levels in the plasma of individuals with BD in manic 

and remission stages (Kurita et al. 2014).  

To serve as a biomarker of BD it is obvious, that this scenario requires a proven 

relationship between these monoamines in peripheral blood and the BD mood 

states which is leading to a limitation factor in my research. Hitherto literature 

confirmed only the link between BD and the neurotransmitters in the CNS and not 

in peripheral blood levels (excluded are metabolites of DA and NE). 

Since it is technically difficult and in respect of ethical reasons barely possible to 

perform a biopsy of the CNS, I used the peripheral levels of dopamine and 

norepinephrine for my research. This is of important relevance, as the so called 

blood-brain barrier (BBB) controls the transfer of CNS and peripheral blood. The 

BBB is primarily formed by endothelial cells, astrocytes, pericytes, perivascular 

macrophages and a basal membrane. Through a specifically adjacency the cells 

build tight junctions with the main function of the maintenance of a homeostatic 

milieu in the CNS. Therefore, large hydrophilic molecules cannot pass the barrier, 

while small lipophilic are able to diffuse along the concentration gradients (Patel et 

Frey 2015). Dopamine and Norepinephrine are not able to conquer an intact BBB 

but their metabolites (e.g. MHPG) do. Beside the catecholamines synthetized in 

the brain, there is a second source of catecholamines in the body: The adrenal 

medulla with its chromaffin cells (Eisenhofer et al. 2004). 

So why are the BBB and the adrenal medulla worth mentioning? In my second 

hypothesis I analysed the catecholamines levels of peripheral blood. Neither there 
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was a significant difference in the levels of bound dopamine (p= 0.255), nor in the 

bound norepinephrine levels (p= 0.057) between individuals with BD and healthy 

controls. However, regarding a p= 0.057, one could call it a trend, because of its 

closeness to the significance threshold of p < 0.05. In the analysis, the control 

group had higher levels of bound NE (1960.02 pg/ml +/-889.19) in contrast to the 

BD group (1665.95 pg/ml +/-812.43).  

Possibly, disturbances in the HPA-axis are involved in this outcome of my 

research. Particularly in relation to the adrenal gland this axis is of important 

relevance. It is a well-known mechanism that a stimulation of the hypothalamus 

leads to the release of CRH, which causes the pituitary gland’s expression of 

ACTH. Consequently, ACTH triggers the adrenal, resulting in the release of their 

hormones. In view of BD an over-activity of this axis has been described several 

times (Belvederi Murri et al. 2016). In this context it is quite remarkable that the 

trend of my research points in the inverse direction. Though, it has to be added, 

that the over-activity of the HPA-axis in BD primarily manifests itself in the levels of 

cortisol, which were not collected in this study, and not in the catecholamines.  

Another potential reason for this not clearly significant result was the fact that a 

high number of the BD-group in this research was inpatient and received mood-

stabilizing pharmacological therapy, as well as relaxation therapy in a clinical 

setting.    

Nevertheless, in my opinion the peripheral levels of bound DA and bound NE are 

not representative for the CNS turnover due to the BBB and an extraneuronal 

synthesis of catecholamines (adrenal medulla) and consequently are not 

appropriate as specific BD biomarker.  
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4.2. Discussion of the status of methylated ARNTL and the 

correlation with the peripheral levels of DA and NE 

As declared earlier, Bengesser et al. (2016) proved a higher status of methylation 

at the cg05733473 site of ARNTL in BD patients. This result gave me reason to 

widen the research focusing on that site. It is important to know, that the 

methylation of DNA belongs to epigenetic mechanisms to regulate genetic 

expression of genes without changing the DNA sequence itself.  

Basically, during the process of methylation, a methyl group is added to cytosine 

at the carbon 5-site. The product is a modified cytosine, called 5-methylcytosine. 

Methylation of cytosine appears in so called CpG dinucleotides. Regions, with a 

high amount of CG repeats are called CpG islands and are primary found around 

the promotor of a gene. Although there are exceptions, most literature linked a 

high status of methylation with a silencing of a gene, resulting in a decreased gene 

expression (Bengesser et al. 2016, Fries et al. 2016). 

My main hypothesis, that there is a positive correlation between the 

catecholamines DA and NE and the status of methylated ARNTL developed from 

results of hitherto literature. Several studies proved a disruption in the circadian 

rhythm in BD. Pivotal for me was the research of Hampp et al. (2008) and Hampp 

et Albrecht (2008), who claimed a reduced ARNTL and MAOA expression in 

mania. As pointed out in chapter 1.2. ARNTL, as one representative of the clock 

genes, plays a crucial role in the circadian rhythm and furthermore ARNTL is 

involved in the expression of MAOA. A higher status of methylation of ARNTL 

should silence then the expression of MAOA. Consequently, lower levels of MAOA 

should cause higher levels of catecholamines, as MAOA is responsible for their 

inactivation and metabolism. Finally, higher levels of catecholamines could explain 

the presence of mania.  

Unfortunately my results could not support this hypothesis. We neither found for 

bound DA nor for bound NE a significant correlation between BD and controls. To 

interpret the outcome of the study, I have to state, that the investigated region 

cg05733473 is only one position at ARNTL. There are other regions of the gene as 

well, which could impact genetic expression.  
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A further relevant point is that my hypothesis is based on the degradation of the 

catecholamines by MAOA. Indeed, I have not measured MAOA itself or its gene 

expression in my thesis. Hence, the outcome could have only indicated indirectly 

to an altered expression of MAOA. In addition, it is no note that the breakdown of 

catecholamines is not exclusively performed by MAOA. COMT is involved in the 

process of catecholamine-inactivation as well and was not included in this analysis 

(Teroganova et al. 2016).  

To my best knowledge, there is no other research, which investigated peripheral 

levels of catecholamines and their correlation to the status of a methylated gene 

concerning BD, but there are other studies, which report an effect of hypo- and 

hypermethylated genes in BD.  

Teroganova et al. (2016) summed up the current state of knowledge about hypo- 

and hypermethylation in BD, including all studies, which analysed DNA 

methylation in peripheral tissue. Hypermethylation was found in gene loci of 

Serotonin (5-HT1A gene and SLC6A4) and BDNF (BDNF exon 1 promotor), while 

hypomethylation was observed in membrane-bound (MB-) COMT, which is in 

context of my research relevant, as COMT is jointly involved in the breakdown of 

DA and NE (Teroganova et al. 2016).  

Interestingly, research by Fries et al. (2016) stated that a hypomethylation of MB-

COMT in the promotor region in the frontal lobe was leading to an increased 

neurotransmitter breakdown resulting in a hypodopaminergic state. At least this 

outcome facilitates my hypothesis.  

 

4.3. Limitations 

As already mentioned in the chapters before, there are some limitations in my 

research. First of all, all data were measured in peripheral blood. Therefore, the 

issue with peripheral levels of catecholamine and the BBB and adrenal medulla 

was elucidated in chapter 4.1. Additionally, the status of methylation was 

generated from peripheral blood as well and thus is not exactly the same as in 

brain tissue, although peripheral levels of methylation might mirror concentrations 

in the brain (Bengesser et al. 2016; Fries et al. 2016).  
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Further limitations concern a potentially lack of measurements of MAOA to support 

my hypothesis. Even if I had found a significant positive correlation between the 

status of methylation and DA and NE, without a measurement of MAOA, I only 

could have speculated about the relation. Additionally it is worth mentioning, that 

data of catecholamines were gained in cross section measurements. This could be 

a bias, since many factors (e.g. physical activity or stress) could influence the 

transient catecholamine levels.  

Finally, there is a last limitation in my thesis. The pharmacological treatment of BD 

intervenes in the circadian rhythm. Especially Lithium, which is the gold standard 

in the therapy of BD, as well as valproate interact with the molecular clock. Gsk3B 

and REV-ERBa are particular sensitive for these substances (Bengesser et al. 

2016). The results of my research could therefore have been affected, as the 

patients had on-going treatment, resulting in possibly balanced neurotransmitter 

levels. 

 

4.4. Conclusion and Implication 

In my research I concerned myself with the complex subject of the circadian 

rhythm in BD, which is primarily affected by so called clock genes. Typically 

changes in behaviours (e.g. reduced need for sleep or decreased appetite, raised 

libido and so on) characterize manic state, while depressive episodes are often 

defined by lethargy, feebleness and joylessness as well as disturbances in sleep 

rhythms. There is a lot of literature, which proved a disturbance in the circadian 

rhythm in BD and driven by these results of hitherto literature I analysed peripheral 

blood levels of catecholamines, to see whether there is a relation to current mood 

status. The reason I chose peripheral catecholamines was a pragmatically one. It 

is easily performable to gain the data with a blood sampling. The effect of DA and 

NE in the CNS regarding BD is well known already. Although I could not find a 

significant difference in the level of catecholamines, I noticed a trend (p= 0.057), 

where the BD group had lower levels of NE in contrast to controls. This could 

either be explained by the on-going pharmacological treatment of the BD patients 

in a clinical setting or it could be a random finding.  
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Furthermore it could be of interest to investigate manic and depressive patients 

separated. Unfortunately, I was not able to do it in this cohort, due to a lack of 

(hypo-) manic patients in my cohort. Since DA and NE are not able to conquer the 

BBB, their peripheral levels might not be reliable measures of the respective levels 

in the CNS. Therefore a study with their precursors, which are able to cross BBB, 

could be more meaningful.  

Continuing, the field of epigenetic studies will rise in future due to improving 

equipment and better knowledge about the mechanisms. In my thesis I tried to 

combine epigenetics (status of methylation) and the circadian rhythm. Regrettably, 

I failed to prove my main hypothesis: a higher status of methylation of ARNTL 

would lead to increased levels of peripheral catecholamines. Even though I 

analysed the region, where Bengesser et al. (2016) claimed a significant 

hypermethylation in BD, it has to be noted, that there are also other positions, 

which could mainly be responsible for gene expression.  

To gain better understanding of BD-mechanism in the future, I suggest that a 

higher sample size and measurements of peripheral levels of MAOA and COMT in 

combination with the status of methylation of clock genes, such as ARNTL, could 

be useful. Furthermore, the gene expression of MAOA, COMT and ARNTL itself 

should be measured. Due to the influence of the circadian rhythm on the transient 

release of catecholamines, multiple testing at different time points during the day 

and during the course of disease would be of advantage. Therefore follow-up 

studies would be adequate, as one could detect alterations in their levels, 

depending on the individual’s stage. Moreover, a comparison between manic and 

depressive BD-patients in their MAOA and COMT levels would be interesting and 

could probably serve as a state-marker for BD.  

To sum up, I state that my hypothesis could not be verified, but that does not 

mean that it was a false hypothesis per se. It could be possible, that I have not 

analysed the right position yet.  
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