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Introduction.

Active sensory perception is often accompanied by motor ativity that can be of voluntary or non-voluntary character. In some animals, e.g. rats tactile perception is tightly linked to rhytmic movemwents of the vhiskers along surfaces or objects [8]. There exists a number of publications [9, 11] linking voluntary “feeling” movements of whiskers to background rhythms of the corticogram. Special attention is paid to background brain potentials in the theta and alpha frequency ranges due to importance of those rhythms in human and animal neural activity. The principal object of rhythmic alpha activity study are the so-called “sleep spindles” occurring in relaxed wakeful state as well as in early stages of natural or pharmacologically induced sleep.  But we were not able to find any studies except [11] linking the spindle-form activity to whisker movement, originally demonstrated in [12]. The research goal  is to find out general principles of alpha frequency activity during organization of voluntary whisker movement in rats.

Methods.

Microelectrode research of focal activity in separate sensomotor cortex barrels were conducted on rats partially immobilized by d-tubocurarine. Experiment methods received approval from the Bioethics Commission on the Russian Federation Academy of Sciences. The experiment preserved mobility of minor head muscles, including eye and whisker mucsles. Reginstarion of whisker movements was perfoemed by tensometric hair sensor. Background activity was registered using glass microelectrodes filled with 2,5 М NaCl solution. Electrodes were introduced into the somatic and motor cortex, in the whisker projection areas. Identification of the separate barrels in the somatic cortex was based on focal and pool activity in the somatic and motor cortex of the whisker projection areas. The location of an electrode in the somatic cortex was established by whisker movement in response to motor cortex stimulation. Subsequent analysis of the phase-frequency inter-zonal focal activity interaction was based on the power specters, coherency specters, phase specters and cross-specters. EEG filtration was used during data processing, utilizing digital filers of the MatLab 7.5.0 package.

 Results.
 
The leading part in initialization and planning of voluntary movements is palyed by the premotor, frontal areas of the cerebral cortex. This is reflected by the appearance of premotor potentials and reorganization of the background EEG before the onset of voluntary  movements [1, 5, 6].  In the relaxed wakeful state or light sleep voluntary movements of whiskers have been observed in rats on a background of spindle activity (Ill. 1). It must be observed that movements did not occur in the early part of a spindle, occurred in 10-30% cases during the middle part of the spindle and in 70-90% of cases during the terminal part. Our research and literature [3, 13] demonstrate that spindle activity is the reaction of cortical neurons to excessive hyperpolarization arising due to suppression of activating cholinergic and adrenergic reticulo-cortical inputs. An important part in this process is played by the so-called “pacemaker” or “membrane hyperpolarization-activated H-channels” [7, 10]. 

[image: image1.png]



Illustration 1. Peculiarities of background spindle-shaped activity development before voluntary whisker movement in rats.

1 –  sensory cortex activity

2 – motor cortex activity
3 – electromiogram of the cheek muscle pad and the ECG

 Beside this, in 1-2 seconds before the voluntary movement in  a number of cases rhytmic alpha-frequency discharges ended with a slow negative potential, so-called “readiness potential” or “E-wave”. So, before a voluntary movement on the background of alpha activity there occurs first, exit of neurons from the hyperpolarization state, and then increase in neural cell excitability, maybe caused by direct retuculo-cortical influences. This may be corroborated by the fact that in about 100 ms. before the movement occurs an increase in negativity is observed in both the cortex and in an number of cases, in the  thalamic nuclei. 

    Before voluntary whicker movements in rats we have observed an increase in bioelectric activity synchronization in the alpha frequency specter that occurred exactly between various somatic cortex barrels, as well as between the cortex and thalamus. This means that not only local, but also distant synchronization of potentials developed as well. The research of M.N. Livanov showed that coordination of action between different brain structures necessitates joint tuning of their bioelectrical activity. 
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Figure 2 Phase dependence of initiation and development of voluntary movement on the background of theta (A) and alpha (B) frequency ranges.

Channel 1 –  whisker movements; 

Channels 2,3,4 –  bioelectrical activity in the motor cortex; 

5,6 – bioelectric activity of 2 barrels in the sensory cortex. 

Records have been averaged (bold line) and synchronized to the onset of movement (dotted line).

 In this regard we considered the possibility of phase dependence between local and distant synchronization related to voluntary movement. Ill. 2 shows several recordings of bioelectric activity with filtered theta (A) and alpha (B) rhythms for 2 seconds before and after onset of whisker movement. 2A shows, at about 500 ms before onset of movement, that all four channels of the theta rhythm demonstrated synchronous coincident development.  It appears significant that the onset of movement coincides with the maximum of the negative phase, fourth wave. Maximal protraction (forward wisker movement) coincides with the fifth wave of the theta rhytm, which has the highest magnitude. The beginning of whisker retraction (movement back to the original position) corresponds to the сrest of the negative phase of the following theta wave. Further the rhythmic activity of varuios columns starts desynchronizing with the theta rhythm  magnitude decreasing. In the sensory cortex (channels 5 and 6)  this process occurs slower, synchronicity there persists for 700-800 ms. since onset of movement. This is probably related to the processing of signals received from the whisker movement.  So, as seen from Ill. A, the development of voluntary movement is related to the maximum of the negative wave phase before movement, and the movement itself coincides with the negative wave of the highest magnitude, i.e. is phase-dependent. It is important to point out that in the case of preceding spindle-shaped activity the onset of movement coincides with the negative phase of the potential, being linked to the moment of maximal excitability of cortical barrels during the negative phase of the focal spindle activity potentials. After the movement the magnitude of spindles decreases sharply, as well as their level of synchronizations.

There is presently not many publications dedicated to relationships between the alpha rhytm and movement activity. Most fundamental and applied research deals with the relation of alpha rhytms to the perception, attention and memory. Our findings allow to suppose that the alpha rhytm participates in sensomotory interactions, which is suppoted by other researchers [4]. It may be possible that the appearance and development of a spindle till its maximal magnitude is related to processes of sensory information perception while the subsequent suppression  before onset of movement indicates the activity of decision-making schemes. The local and distant synchronization observed facilitates the motor reactions to sensory stimulus in man and animals. The “E-wave” observed in a number of cases appears to us to be an addition method of increasing cortical neuron excitability by  activating reticulo-cortical influences. This slow negative potential possibly corresponds to the decision-making moment and to initialization of voluntary movement with functional sensomotor integration. 

 Conclusions.

1. In the relaxed wakeful state or light sleep the voluntary movements can be observed in the presence of background spindle-shaped activity. Voluntary movement in this state most frequently occur during the later phases of the spindle, which is related to restoration of initial excitability of cortical barrels caused by removal of excessive hyperpolarization of neurons during the spindle. Suppression of a spindle directly before a voluntary movement corresponds to the decision making process.

2. Despite the different character of background bioelectric activity before movement, a significant fact is the correlation of movement onset with the development or increase of negative potentials which reflect the growth of excitability in neural cells. The slow pre-motor negative potential or “E-wave” is directly linked to the decision taking momeтt and initialization of the voluntary movement.

3. Growing magnitude of spindle-shaped activity before movement, accompanied by local and distant synchronization between motor cortex, sensory cortex and thalamic nuclei corresponds to the afferent synthesis stage of a functional system activity according to P.K. Anоkhin.

4. Sensory areas of the cortex participate not only in afferent information processing, but in activity planning and result forecasting as well. So, the sensory areas of the cortex manage the flow of sensory information to the motor cortex during the active feeling movements of the whiskers. 

5. The whiskers system is greatly influenced by the thalamocortical relations that take part not only in sensory information processing, but participate in generation of motor commands as well. 
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