PAGE  
1

THINKIG COORDINATION ENERGY OF THE MUSICAL EEG-WAVES AND THE BIOCHEMICAL AND ELECTRO-PHYSICAL MEMORY AND LEARNING MECHANISM

Kari Suoniemi (2014) Ph. D

Music School MultiMusa, Finland

Keywords: thinking coordination energy, EEG-wave, biosignaling, emotion, volition, protein synthesis, gene regulation, NMDA-receptor, hippocampus, synaptic plasticity

Memory is a challenging research subject not only because thinking process contain evaluation counter part or emotional reaction. There is an increasing concept that new neuroinformatics tools and strategies are needed to achieve the goal of the brain’s biochemical and electro-physical memory mechanism. Thinking and learning abilities are using vast number of interconnected neurons that construct anatomical and functional networks containing chemical messengers, brain waves, bio signals and genetic information. Already in 1970’s there was several theories trying to explain a fixation mechanism of the learning and memory processes. Fixed memory experience refers to an ability of the nervous system to recall thoughts long after initial excitation of the thought is over (Guyton 1971, 722). 

Cortical dendrites have continuous alpha, beta, delta and theta rhythm of the three different levels: the micro-scale, the meso-scale and the macro-scale. Evidence displays that alpha-band oscillations reflect one of the most basic cognitive processes (selection, inhibition and timing) that is showed to play a key role in the coalescence of the brain activity in different frequencies (Klimech 2012) and that these frequencies have consistent association between P300 even-related potential (ERP) and alpha event-related desynchronization (α-ERD) (Peng et al. 2012). This subject have opened a lot of practical doctrines and applications of how we can exercise to access the brain EEG wave states to change our behaviour for example abilities such as concentration, super learning, relaxation, musical creativity (see Synthesis Learning 2013) or to control external devices in brain-computer interfaces (BCI), in which subjects can control an external device by changing the amplitude and firing rate of particular brain rhythmics (see Wolpaw et al. 2002). 

Memory research was at first focused to study simple behaviours of invertebrates’ nervous system related to reflex behaviors and the pre- and post-synaptic plasticity modifications. However, procedural and declarative memory share several molecular steps because in both, short-term memory involves covalent modifications of pre-existing proteins and changes in the strength of pre-existing synaptic connections, whereas long-term memory requires the synthesis of new proteins and the growth of new connections (Mayford et al.2012). A challenging problem, when studying human declarative memory, is how and where memories are stored within synapses and how they are recalled. Everybody can remember emotionally nostalgic vivid images even from their childhood but consolidation or fixed memory phenomenon not favour staying phase of the synaptic plasticity. For example cascade and “tag” synapse models try to explain synaptically stored memories and memory recalls suggesting that memory storage requires synapses with multiple states exhibiting dynamics over a wide range of timescales (Fusi et al. 2005; Clopath et al. 2008).  

A question related to study memory store, recall and a new behaviour of man can be related to thinking process that is controlled by the EEG waves and the bio-electrical membrane signalling that increase RNA- reproduction in active neurons after some minutes or hours when a coordinated thinking process is assimilated and emotionally associated across different modalities in the working mind system. I prefer to say working mind to working memory because working memory or short-term memory does not exists as an entire functional component in human body. Prerequisite to organize melody items in working mind is that a listener is able to focus her or his mental energy i.e. volition to maintain auditory imaging or humming process on conscious mind. There is evidence that neurons secrete GABA to sifting cortical dipoles that are necessary to be coordinated to produce the waves of EEG (Ganong 2005, 197). Genetics is an important tool to study diagnostic psychopathology variations that are related to the signal mechanism of the receptors and the nuclear transcription factors that can have cellular correlate to the mental health, musical abilities (see Suoniemi 2010), different kinds of memory disorders and a person’s behaviour on the whole. 

There are lot of animal studies that have revealed many basic molecular memory structures and functions that are supposed (demonstrated) to operate in the comparable standings in human’s memory systems (Mayford et al. 2012; Kandel 2012; Mitchell et al. 2011). For example similarities of NMDA (N-methyl, D-aspartate) receptors between rat’s and aplysia’s are showed to be related to long-term potentiation in the hippocampus and molecular similarities between procedural and declarative memory (Kandel 2012). The concentration of NMDA receptors in the hippocampus is high, and blockade of these receptors prevents long-term potentiation, thus these receptors may well be involved in memory and learning process (Ganong 2005, 109). 
Animal studies have demonstrated that synchronized neuronal oscillations at various frequencies are a measure of coordinated neuronal activity that supports behavior (Kevin et al 2011). Event related oscillations (ERO) is an approach to analyze EEG responses that is elicited through the waves of the alpha (8 – 12 Hz), beta rhythm (may be a harmonic of the alpha), delta (1 – 3 Hz) and theta (3 – 7 Hz) band oscillatory responses. Gamma oscillations at (30 -80 Hz) are seen when an individual is aroused and focused attention on something. Event-related potential (ERPs) is a small change in EEG frequencies recorded by scalp electrons while the subject is performing an attention task. ERP-waves are used to display for example P300 amplitude component and late perception component (LPC) that can display person’s subjective attention differences during passive (physical) or active (semantic) task performance. EEG can not display exact location where thinking process was executed but waveforms are sensitive for the mental task features depending on semantic and physical priority (Posner and Raichle 1999, 147). Moreover brain areas are anatomically connected to other areas by direct or indirect electrical and chemical pathways and several different EEG waveforms that can be related to conscious and unconscious mental processes. Arousal and awake patterns of the EEG and thalamic discharges can be produced by sensory stimulation and by impulses ascending in the reticular core of the midbrain (Ganong 2005, 192 - 195).           
Synaptic facilitation is a phenomenon that is though to effect on the neuronal functioning mechanism after the similar frequency processes have gone through the distinct neuronal circuits and synapses several times. A theory of the synaptic memory fixation or consolidation is a problematic issue because storing and recalling information is supposed to function on the same synaptic circuits. If, it is possible to associate, store and retain memories several times within the same circuits of the synapses there must be a flexible system that prevents previous stores of the memories fade away or doing chaos in our mind? However, learning is thought to occur by repeating the same physically and functionally modified neural circuits. Listening or singing the same melody several times can affirm musical memory presentation and you are able to remember more distinct details of the tune. 

The cerebellar cortex and the hippocampus are two parts where many complex parallel dendritic processes are located and where rhythmic fluctuations occur in surface potential similar to that observed in the cortical EEG (Ganong 2005, 197).  Most of the hippocampal theta rhythm studies come from animals because human hippocampus is too small and too deeply buried to generate scalp EEG signals. In humans hippocampal oscillations were associated with REM sleep and during the transition from sleep to wakefulness (Cantero et al. 2003). However, long-term potentiation of slow synaptic inhibition is supposed to be modulated by rhythmic activities such as the theta (4 – 7 Hz) oscillations (Huang et al. 2005).  

In  MRI and PET studies can display subjective neural activations of the anatomical brain areas while a person is doing attentional tasks for example rehearsal of verbal or/and tonal information. A research suggests that tonal and verbal information consist sensorimotor-related circuits which provide recourses for the representation and maintenance (storage) of information. Rehearsal of verbal and tonal information activated a network comprising ventrolateral premotor cortex (encroaching Broca’s area), dorsal premotor cortex, the planum temporale, inferior parietal lobe, anterior insula, subcortical structures (basal ganglia and thalamus) and cerebellum (Koelsch et al. 2009). Studies in animals and humans have displayed that the comt val158met allele, related to genetic modulation of dopamine, was associated with relatively poorer performance at retrieval and encoding functional coupling between two regions: hippocampal formation (HF) and ventrolateral prefrontal cortex (VLPFC) (Bertolino et al. 2006). However, there is not common understanding where the musical memory resides and it seems that understanding the inner mechanism of the memory operations are very difficult to define or locate although developing brain imagery (fMRI) activation method (see Leaver et al. 2009). A question can be stated, is a musical memory in a distinct location or is it the whole sequence from the sense organs to talamo-cortical track and over the several fragmented brain locations?
Musical expectancy is understood as a selective cognitive process with an emotional response. An emotional affect aroused by musical structures is hypothesized to be conflict state (expectancy) between cued unconscious information recall and conscious sensory perception process (Suoniemi 2008, 64). Frequency and amplitude components of the EEG-waves can be related to several biomolecular steps. Coherent activity of large-scale brain activity may form dynamic links between brain areas required for the integration of distributed information and neurotransmitters such as norepinephrine, acetylcholine and serotonin that affect the physiological state e.g. wakefulness or arousal, and have a pronounced effect on amplitude of different brain waves such as alpha activity (Moruzzi et al. 1949). 

A musical listening task by Besson was based on the ERP-study that showed the amplitude component after the first, third and fifth presentations of the congruous and incongruous notes ending familiar or unfamiliar melodies (Besson 1997, 237). Results showed that amplitude component decreased systematically. The result was interpreted that the late positive component (LPC) is a good index of musical expectancy. It has been proposed that input to a neuron or neuronal ensemble resets the phase of ongoing oscillations for the synchronization and that resetting may affect on the onset of the amplitude component (see wikipedia). Does the reset of the phase effect on Besson’s amplitude interpretation? What about neurotransmitters: norepinephrine, acetylcholine or serotonin (see above)?

Cognitive thinking process with emotional reaction can be hypothesized to operate under biochemical and bioelectrical neural memory networks that are processed by unconscious cued recall and consciously coordinated EEG thinking energy which is able to activate a long term potentiation in hippocampus with consequence of a new protein synthesis that stimulates the growth of the synaptic spines and the presynaptic knops. The amygdala is closely associated with the hippocampus and is encoding and recalling emotionally charged memories. During retrieval of fearful memories, the theta rhythms of the amygdala and hippocampus become synchronized (Ganong 2005, 270). Mental volition of the thinking coordination energy within EEG waves can be supposed to activate complicated set of the bioelectrical signals to which cells are able to respond. Signal-transducing system has four main features: specificity, amplification, desensitization/adaptation and integration (Nelson and Cox, 2008, 420).  

Research has revealed that Ca2+ signal activates several protein kinases in the post-synaptic neurons for example calcium calmodulin-dependent kinase II (CaMKII), protein kinase C (PKC) and tyrosine kinase Fyn (see Mayford et al. 2012). Long term potentiation (LTP) of the excitatory postsynaptic current (EPSC) through glutamate receptors are induced by activation of N-methyl-D-asparate receptor (NMDA). Same signaling pathway in the postsynaptic CA1 pyramidal neuron also causes LTP of the slow inhibitory post-synaptic current (slPSC) mediated by metabotropic GABAB receptors and G-protein activated inwardly rectifying K+ (GIRK) channels, both residing in dendritic spines as well as shafts (Huang et al. 2005). Research has demonstrated that dendritic spines appear, change, and even disappear over a time scale of minutes and hours. Although, protein synthesis occurs mainly in the soma with its nucleus, strands of mRNA migrate into the dendrites (Ganong 2005, 91).  
A problem of the synapse spine theories is that there is no evidence how physical plasticity changes of the dendritic and synaptic structure can affirm where the memory information is stored? It is obvious that biosignaling represent a functional information process that is detected by specific receptors and is converted to synaptic response that maintains electrically synchronized cellular access. Maybe this synchronized cellular frequency access can be restarted under the environmental stress (cued recall) of the sense organs or mental volition of the thinking coordination energy. It is obvious, however, that the whole complicated memory system is a developing living associative organism under the laws of the personal DNA and RNA transcription factors. 
Present opinion is that all neuronal changes are depending on fast or slow biosignaling and protein syntheses that can fasten (grow), inhibit or shrink of the memory consolidation. A fundamental possibility is that memory system has a functioning mechanism that need not to store memories but has a frequency access to go through the distinct synaptic and neural circuits to reactivate or RNA-up-date distinct neural circuits. An idea has meaning if we think about synaptic specificity and cooperation capabilities. Working mind is a functional structure that can reconstruct impressions of words, melodies, sights, smells, tactiles or pain without any clear time aspect. Ability to image fingers to play an instrument is related to the working mind based on EEG-waves that can activate cortical fields of the somatotopic organization (fingers) by using volition and parallel emotional feelings. It is likely that neuronal hertz and amplitude reactivation can function as an analogical music record that is based on the structure differences of the track surface. Maybe the conscious thinking coordination energy or cued reflex ability to repeat the same electrical circle although growing (association) neural organisation can be called a memory impression. It is apparent that thinking coordination energy can be related to EEG-waves and learning processes of the human mind.  
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