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Brain oscillations

A The brain is constantly active, even during deep sleep. In the cer
cortex, this spontaneous activity (activity that is not obviously dri\
by a sensory input or a motor command) often occurs as periodit
rhythmic discharges.
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A Neuronal oscillations allow for temporal segmentation of
neuronal spikes. Interdependent oscillators can integrate
multiple layers of information.

A Neuronal oscillations are a natural mechanism for forming cell
assemblies since most brain oscillations are inhibition based,
and inhibition can segregate spike train messages.

A The cerebral cortex generates multitudes of oscillations at
different frequencies, but how the various rhythms interact with
each other is not well understood.



Neuronal Oscillations
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A infra-slow. 0.020.1 Hz,
A slow: 0.1-15 Hz (during slowwave sleep or anesthesia)
I Slow oscillation(0.2-1 Hz),
I Delta (1-4 Hz),
I Spindle (7-15Hz),
I Theta (generated in the limbic system)
A fast: 20-60 Hz,
A ultra-fast: 100600 Hz.



EEG waves with specific frequency bands
are associated with brain functions.




The origin of oscillations

A Oscillatory activity is an emerging property of the brain network,
especially the thalamocortical system.

The various oscillatory rhythms generated in the thalamocortical
system are mediated byo types of mechanisms

A Intrinsic mechanisms, which depend the interplay between
specific intrinsic currentge.g., thalamic delta oscillations from
thalamic relay cells, cortical slow oscillation depending on netwol
properties)

A Extrinsic or network mechanisms, whiclquire the interaction of

excitatory and inhibitory neurons within a populati¢ang., spindles
depend on the interaction between thalamic relay and reticular

neurons as well as on their intrinsic properties).




Infra -slow oscillation

A This type of oscillatory activity has a period within the range of t
of seconds to a minute.

A Very little is known about the underlying mechanisms of these
oscillations but at least some of the factors responsible for their
generation could depend on aeauronal dynamics. Infralow
activities likely havea cortical origingiven that they can be
recorded from small regions of neocortex devoid of their inputs |
means of a surgical undercut.

A What is the functional role?

Indirect evidence suggests thata-slow oscillations synchronize
faster activities, modulate cortical excitability.



Slow Oscillations

A The slow oscillation is characterized pgriods of sustained
depolarization interweaved with periods of hyperpolarization and
silence at a rate of between once every 10 seconds to approxims
once per every 2 seconds (0.0.5 Hz or higher)

A The depolarized state is associated with low frequency neuronal
firing and is termedhe UP state while the hyperpolarized state is
referred to ashe DOWN state

A The frequent transitions between the UP and DOWN state can n
the membrane potential of the cortical neuron appear as a single
channel recording, even though the slow oscillation is generated
the interaction of thousands of cells!
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A Slow oscillation in vivo and its disruption by stimulation of the
brainstem.

A The top trace is an intracellular recording from a cortical pyramic
cell during the slow oscillation.

A The bottom trace is the electrocorticogram (EcoG). Repetitive
stimulation of the brainstem results in activation of the EEG and
suppresses the "down" state of the slow oscillation



Slow oscillations

A During slowwave sleep and some types of anesthbsi@ominant
activity pattern is slow oscillation, with frequency 0.BHz.

A The following observations point tm intracortical origirfor this
rhythm:

a. It survives extensive thalamic lesions in vivo and exists in
cortical in vitro preparations.

b. It is absent in the thalamus of decorticated cats.



Slow oscillation 1n vitro in visual cortical and prefrontal cortical slices
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A The slow oscillation is generated in the cerebral cosigce
removal of the thalamus does not block the slow oscillation and
Isolation of slabs of cortex retain this activity.

A McCormick et al. demonstrated the slow oscillation in cortical slic
maintained In vitro.




UP and DOWN states

A During slow oscillation the entire cortical network alternates
between silentH{yperpolarizing, or Dowhand active
(Depolarizing, or Upstates, each lasting 812sec.

A At EEG level, the slow oscillation appears as periodic alteration
positive and negative waves (indicated by + asdyns in the
figure).

A During EEG deptipositivity, cortical neurons remain in
hyperpolarized, silent state.

A During EEG deptmegativity cortical neurons move to active
states, reveal barrages of synaptic events and fire action potent



Delta oscillations

A Field potential recordings from neocortex in human and animal
models during sleep reveal the presence of delta oscillatighs (1
Hz). The delta oscillation likely has two different components, or
of which originates in the neocortex and the other in the thalamt

A Cortical delta activity. Both surgical removal of the thalamus anc
recordings from neocortical slabs in chronic conditions result in 1
significant enhancement of neocortical delta activity. One of the
hypotheses suggests that cortical delta could be driven by the
discharge of intrinsically bursting neurons.

A Thalamic delta (1-4 Hz) is a well known example of rhythmic
activity generated intrinsically by thalamic relay neurons as a re:
of the interplay between their lethireshold Ca2+ current (IT) and
hyperpolarization activated cation current (In). As such, the delt:
oscillation may be observed during deep sleep when thalamic re
neurons are hyperpolarized sufficiently to deinactivate IT.



Properties of delta waves
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A The amplitude of such activity increases and decreases without
changes in frequency.

A Synchrony between different thalamic relay neurons during delt:
activity has not been found in decorticated cats. Tihissyunlikely
that thalamic delta activity could play a leading role in the initiati
and maintenance of cortical delta rhythi#owever, the presence of
a corticothalamic feedback in intamdrtex animals could
synchronize thalamic burfiting at delta frequency and generate
field potentials.



Functional role of slow and delta oscillations

A Slow wave sleep may be essential for memory consolidation an
memory formation. It has been proposed fyaiaptic plasticity
associated with slow and delta oscillations could contribute to th
consolidation of memory traces acquired during wakefulness

A By the way, based on the analysis of multiple extracellular
recordings of slow oscillations during natural sleep, it was
suggested thdhst oscillations during active states of slove
sleeps could reflect recalled events experienced previjdbeke
events are "imprinted" in the network via synchronized network
events that appear as slovave complexes in the EEG.




Beta oscillations
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A Beta oscillation is the oscillation with frequency range above 1-
Hz.

A Low amplitude beta with multiple and varying frequencies is oft
associated with active, busy or anxious thinking and active
concentration.

A Rhythmic beta with a dominant set of frequencies is associatec
with various pathologies and drug effects, especially
benzodiazepines.



Gamma oscillations
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A Gamma oscillation is the rhythmic activity with the frequency
range approximately 2600 Hz.

A Gamma rhythms may be involved in higher mental activity,
iIncluding perception, problem solving, fear, and
consciousness.



The patterns and the dominant frequencies of thalamoortical
oscillations depend on the functional state of the brain

A The fast and ultra-fast activitiesmay be present in various states
of vigilanceand frequently coexist with slower rhythms (e.g., fast
gamma oscillations may be found during depolarized phases of
slow sleep oscillations).

A Spontaneous brain rhythms during different states of vigilance n
lead toincreased responsiveness and plastic changes in the stre
of connections among neurgnisus affecting information flow in
the thalamocortical system.

A Each type of oscillation is generated by a particular set of intrins
neuronal currents, synaptic interactions, and extracellular factor:

A Oscillations may also be generated in a population of non
pacemaker neurons coupled through gap junctions.



Fast oscillations
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A Fast oscillations could be divided on fast (beta and gamma) and
ultra-fast (>100 Hz, ripples).

A Fast oscillations have been implicated in cognitive processes. T
also form a prominent part of sleep EEG signals, when intracort
electrodes are used. They also occur in association with seizure

A Ultrafast oscillations could be found during sharp waves and sle
The ripples are prominent in the onset of seizures.



Two major categories of fast oscillations

A iolated interneuron

B intemeuran metwo ik

A (Homogeneous) Those which occur in a homogeneous collectio
neurons, all of the same type, for example CA1 pyramidal neura

A (Heterogeneous) Those which require synaptic interactions betv

two or more populations of neurons, for example CA1 pyramidal
neurons together with faspiking CA1 interneurons.
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A Persistent firing in the B Persistent firing in the brain slice
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Persistent gamma
IN hippocampus and entorhinal cortex
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A This type of gamﬁwa IS nofable for the sparse firing of pyramidal
somata, despite the prominent presence of IPSPs in pyramidal «
and the dependence of the oscillation on synaptic inhibition.

A Additionally, phasic EPSPs and gap junctions are also required;
experimental evidence suggests that axonal electrical coupling
between pyramidal cells is an absolute requirement, while
Interneuronal electrical coupling plays a modulatory role.

A Power spectra of the field oscillation reveal both a gamma peak.
also a faster, but namarmonic, peak at >70 Hz.




Functional role of fast oscillations for
perception and behavior

A Cognitive functions like perception, attention, memory or langua
are based on highly parallel and distributed information processi
by the brain.

A One of the major unresolved questions is how information can b
iIntegrated and how coherent representational states can be
established in the distributed neuronal systems subserving thes:
functions. It has been suggested that thisaled 'binding problem’
may be solved in the temporal domain.

A The hypothesis is that synchronization of neuronal discharges c
serve for the integration of distributed neurons into cell assembl
and that this process may underlie the selection of perceptually
behaviourally relevant information.
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Functional role of fast oscillations for
perception and behavior

A Moreover, it has been suggested that fast oscillations at
frequencies in the sealled gamma range (> 30 Hz) may help to
entrain spatially separate neurons into synchrony and thus may
Indirectly promote the dynamic binding of neuronal populations.

A In accordance with these predictions, states characterized by
synchronized gamma activity have been shown to be associate
with functions like processing of coherent stimuli, perceptual
discrimination, focused attention, shtg&tm memory, or
sensorimotor integration.

A Typically, the observed magnitude of gamma activity is positivel
correlated with increased 'processing load' and thus with the le\
of vigilance and attention, as well as with the difficulty or
Integrative nature of the processing.
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Interactions between fast and slow rhythms



Phase-amplitude coupling
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A A well-studied mechanism is crossfrequency coupling. As
described first in the hippocampus, the phase of theta
oscillations biases the amplitude of the gamma waves [phasé
amplitude (PTA) coupling or fAnested



Theta-gamma oscillations
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What Is the role for theta-gamma coupling?



Y Maze Activity: Test for Spontaneous Alternation
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Delta-gamma coupling and risk  -taking behaviors



