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Summary 

In chapter 1, electroencephalography (EEG) and magnetic resonance imaging (MRI) are 

introduced as promising methods for identifying the fingerprints of pathophysiological 

mechanisms and thus biomarkers in psychiatric disorders. Pathophysiological mechanisms of 

bipolar disorder (BD) were summarized. Potential biomarkers might be candidate 

monitorization tools for both clinical and research purposes, such as screening high risk subjects 

or those with progression of the symptoms. Pharmacological processes (e.g. treatment response 

or side effect monitorization) can also be assessed in neurological and psychiatric diseases. The 

major advantage of the EEG is its high temporal resolution and researchers concentrated on 

cognitive dysfunction and corresponding imaging findings as candidate biomarkers in BD 

(Pavuluri, 2010). Studies were designed to assess the relationship between cognitive symptoms 

and brain structure and cognitive tasks have been utilized for functional assessments.  

Chapter 2 and 3 present the examination of cognitive alterations in BD. In cognitive task-based 

EEG studies, event-related potentials (ERP) are obtained. ERPs are higher in energy compared 

with evoked potentials and this indicates that higher number of neuron groups is involved with 

cognitive function. The oddball paradigm is a very simple working memory task that minimizes 

the risk of confounds. Two types of stimuli (1500 and 1600 Hz) are presented and the subject 

is asked to discriminate the stimuli and count the rare one (target stimulus, 1600 Hz) mentally. 

Attention and mental counting processes enhance the voltage of the target ERPs. In 

neuropsychiatric disorders characterized with neurocognitive impairment, voltage reductions 

are observed (Chapter 2 and 3). Voltage reductions may result from either non-responding 

neural units or reduced synchronization capabilities in the neural circuits involved with 

cognitive demands of the task. Congruent with this, long range fronto-temporal connectivity 

was reduced in BD (Ozerdem et al., 2011).  

In addition to the examination of neural network synchronization capabilities, the EEG can be 

utilized to assess pharmacological processes such as treatment response. Chapter 4 presents the 

lithium induced changes in beta oscillations in BD. Lithium is the gold standard treatment drug 

for BD, whose mechanism of effect is not clearly known. Although lithium is more effective in 

high doses, its therapeutic range is narrow and serum levels are tightly checked in order to avoid 

its side effects. Lithium is an element and has biophysical and pharmacological properties. 

Several EEG studies are published but neither of them were cognitive task based studies. I 

wanted to evaluate the effects of lithium on cognitive networks. We found that lithium 

excessively enhances event-related beta oscillations upon auditory oddball paradigm (Atagun 
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et al. 2015). In a later study, we also found that lithium also enhances event-related beta 

oscillations upon visual oddball paradigm (Tan et al. 2016). Our interpretation was that, the 

effect of lithium on cognitive networks is cortex-wide and rather than a general enhancement 

of cortical excitability, it activates neurons to participate in cognitive activity specifically upon 

target response (Atagun, 2016). Interestingly, the enhanced amplitudes of the beta responses 

were correlated with the serum levels of lithium. More studies are needed to evaluate the effects 

of lithium on brain oscillations in order to determine their relationship between treatment 

response and possible side effects.  

Chapter 5 presents a meta-analysis of P50 sensory gating studies in schizophrenia and BD. 

Sensory gating is a measure of the integrity of the brain’s inhibitory function. It is measured by 

using the amplitude of the evoked potential at 50 ms to the first of two paired clicks, divided 

by the response to the second. Sensory gating is altered in both schizophrenia and BD and their 

first degree relatives (Chapter 5). Moreover, sensory gating is even more altered in the episodes 

of the diseases and medications seem to reverse the alteration. Therefore, P50 sensory gating is 

a potential biomarker for both schizophrenia and BD, since it is coherent with the progress of 

the diseases.  

Chapters 6 and 7 present proton magnetic resonance imaging (1H-MRS) studies in patients with 

BD. The 1H-MRS in vivo measures major metabolites such as glu, NAA, mI, Cr and Cho in the 

brain. Glu is an amino-acid neurotransmitter and is abundant in the brain. Its cycle as a 

neurotransmitter is provided by glial cells and dysfunction of the glia may disrupt this process. 

NAA is a marker of viability in neurons. Cr is related with the energy metabolism, Cho is related 

with membrane turn-over, and mI is a compound involved with the inositol cycle. Several 

studies were performed and it was found that glutamate levels were increased in BD. Other 

studies showed that Cr levels were altered in BD (Ongur et al., 2009). Most of the studies were 

performed in frontal and anterior cingulate cortices (Maddock and Buonocore, 2012). However, 

although BD is characterized by speech abnormalities during episodes, verbal learning/memory 

deficits and auditory hallucinations in psychotic patients, auditory cortices were not assessed in 

BD. We aimed to assess primary and secondary auditory cortices in BD type I and compare it 

with those of schizophrenia (Chapter 6). Patients with BD had reductions in left STL compared 

with schizophrenia and healthy controls. Furthermore, we also compared BD type I and II and 

found that patients with BD type II did not show a reduction in metabolite levels in STL 

compared with BD type I and healthy controls. Only type I BD patients had reductions in 

metabolite levels (Chapter 7). The 1H-MRS is also available to detect GABA with 
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MEGAPRESS sequence in a given volume. GABA levels can be in vivo assessed by 1H-MRS 

in the STL and we did not observe any abnormality in either type I or type II patients with BD 

(Chapter 8).  

Chapter 9 is the discussion section in which the findings are interpreted. One of the most 

important points of the studies is the alterations of the auditory cortices. Alterations of the 

auditory cortices are reflected in all neuroimaging modalities as well as neurophysiological 

examinations. In addition, there are associations between neurophysiological alterations and 

neuroimaging findings. For example, MMN alterations and STL volumes were found to be 

correlated (Salisbury et al., 2007; Salisbury et al., 1998). These results suggest that auditory 

cortices are critical brain regions for patients with BD. According to the RDOC approach, more 

studies should evaluate the auditory cortices in BD since they are related with specific 

symptoms in BD. Brain stimulation therapies may add auditory cortices into their programs for 

the treatment of related symptoms in patients with BD.  
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