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The Binding Problem in Population Neurodynamics:
A Network Model for Stimulus-Specific Coherent Oscillations

J PAVLASLK

Department of Neurophysiology,
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Slovak Academy of Sciences, Bratislava Slovakia

Abstract. A hypothesis is presented that coherent osallatory discharges of spa-
tially distiibuted neuronal groups (the supposed binding mechanism) are the result
ot the convergence of stimulus-dependent activity in modahty-specific afferent path
wavs with oscillatory activity generated in unspecific sensory systems This view 1s
supported by sunulation experiments on model networks
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Introduction

Sensory 1ecognition systems obviously take advantage both of setial and parallel
computing mechanisms m the form of distributed hierarchical processing

Senial processing requires hierarchically organized neural networks A stimulus
evoked neuronal activity entering the brain via parallel pathways with divergent
projections mtegrates at higher levels by convergence on common neuronal pools
Such moiphological and functional concepts create “intelligent” neuron (grand-
mother cell object specific newron, cardinal cell, pontifical cell, gnostic cell, hev
newon) capable of disciuminating and 1dentifying very complex and specific st
mul

Parallel processing m divergent systems is much more difficult to define In this
case the neutal image ot a stunulus 1s not represented by an “intelligent” neuron
but by sunultaneous neuronal activity in several specialized brain areas at different
levels These frequently 1emote regions must be functionally coupled (the binding
problem) to provide global percept and memory formation (Edelman 1987)

In addition to binding built in by genes (anatomical architecture) or built
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up by expertence (activity mduced. plastic changes of functional connectinvity) a
third tvpe of binding pertormed by synchromzation of oscillatorv responses of the
relevant neurons 1s suggested (Livanov 1965, 1973, Crick and Koch 1990)

In response to yvanous stimuli subsets of neurons m mvolved cortical areas dis-
play coherent 1hy thmic firing 1n the gamma hequency band (30 to 70 Hz) (Eckhoin
et al 1988, Giay and Singer 1989 Muiphy and Fet, 1992, Laurent 1996) occutiing
even acioss the two hemmspheres (Engel et al 1991) Rhythimice bursts have usually
a dutation of about 100 ms with 4 6 cycles of oscillation at typical fiequencies at
10 60 Hs {Freeman 1994) A general theoretical problem of considerable terest
15 the design of efficient svstems that can quickhly set up coherent, phase-loched
o~cillations with ze10 phase-lag

The presented model 15 based on nemtophysiological concept suggesting, dual-
1ty of function m the somatic afferent system which 15 composed ot specific and
unspectfic subsystems (Mountcastle 1967) The specific subsystem 15 1epresented
by neive cells preserving information from different classes of 1eceptors (modality,
remporal characteristics and topographic arrangement between 1eceptor 1egions
and cortical projection areas) Such groups of cells (called feature extractors) give
use to spatially separated cortical activity The unspecafic subsystem transmits
via diffuse pathways projecting to vast bram stem and cortical 1egions consvergent
(multimodal heterotopice) formation

It 15 suggested that biding between neutonal assembhies distributed over many
cortical ateas {(formation of a ‘horzontal assembly™) 15 brought about by the -
tegration (convergence) of activity mediated by both mentioned ‘vertical” afferent
subsystems (Fig 14)

Materials and Methods

Our model neuron (newowd) JASTAP (Janco et al 1994) obeys the prmaples which
govern the physiology of a biologically 1ealistic neuron with chemical transmission
of mformation

The basic element of the network 15 a neuroid It 15 described by

1) Instantancous membrane potential (A/p) Ap 15 a dimensionless quantity
within the (=1 1) range

2) Membrane potential determined as the sum of postsvnaptic potentials (Psp)
liited by the nonlinear function

Vp(t) = (2/7) arctg (Z Psp(t)) (1)

3} A threshold (Th) from the mterval {0,1)
4) The frequencv of spikes (Sp) 1s 1estiicted by the absolute refractory pe-
1od This 1s managed by setting mmmmum (Imn) and maximum (I'ma) mterspike
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mtervals The actual mterspike mterval (Ia) 1 determined as
ITa =Imn + {Imx — Imn) (2/7) arctg (Mp — Th)/(1 — AMp)) (2)

The standard value for Irnn was I ms, and I'mt 1anged from 2 ms to 10 ms The
Th values used n sunulations wete close to 05

5) Behavior m terms of phasicity o1 tomicity (these tunctions have not been
activated n the present work)

Every newoid can have 8 synaptic mputs but a sigle output The program
treats the synapse as a part of the nemoid The output can be connected to one
o1 several synapses m the network of nemroids A synapse 15 characterized by

a) Input connected to 1t

b) Shape of a Psp prototype which 15 evoked by Sp artiving at this synapse
(particular waveform 15 selected fiom a set of prototype Psp shapes stored m a
buffer of Psp waveforms) The Ps<p prototype 15 desciibed by

Pop(t) = k (1 — exp(—t/t))* exp(=2t/t3) (3)

The waseforin simulates whether the synapse i question 1s located on the soma
ot on the dendiitic tree (the time-course and the attenuation of its amphtude) In
this presentation the same Psp time-courses were used for excitatory and mhibitory
Psp(t; =03 and t; =27 ms) with a lower amplitude for mlibitory Psp

¢) Latency (tune delay) of the synaptic transmission and/or axonal conduction

d) Synaptic weight (Sw) has 1ts value from the wterval (—1,1) Sw simulates
effectiveness of a synaptic mput (a synchronously activated set of axons of the same
type o1 a cluster of the terminal biranches of an axon)

¢) Developmental changes which determine mstantancous, effective Sw These
mechamsms 1epresenting plastic activity-mduced alterations were not activated 1n
the presented simulations

The computer program JASTAP has been written in CtT language for IBM
compatible personal computers, it 1uns under Windows 3 11 The program can de-
fine a network bv simple command language and sunulate 1ts activity 1 discrete
tune mtervals (05 ms steps) Results can be displaved n the form of intiacellu-
la1 1ecording with a microelectiode (Figs 3, 4), or as a raster map of the spike
potentials (Fig 1B D) or saved to disk files

Results
Morphological and functional principles incorporated wn presented model networhs

a) Each modality of sensation depends upon information transmitted along one
o1 more (paiallel) sensory pathways with projection to one specialized (primary)
projection cortical area or to more (nonprimary) cortical ateas b) Each modality
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Figure 1. Coherent osallations 1 spatially distuibuted neuronal gioups

300

4 Simphfied

schematic dlustration of the sensory svstems RO and R1 stand for two different 1eceptor
groups with their mputs (10 and 11) mto the central nervous svstem The full lines con-
necting a b and ¢ d represent afferent pathways belonging to the specific sensory systems
which transmit activitv to the neurons 1 the cortical primary projection areas (b, d) The
dashed and dotted lines 1illustrate mtracortical and transcallosal connections Neurons in
subcortical unspecific structures indicated bv e and f 1eceive convergent (heteromodal
and/or heterotopic) afferent information (a e and c-e) they have reciprocal connections
{¢ f and f ¢) and divergent projections to neurons m cortical areas (¢—b and e d)
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reaches the cerebial cortex via 1) A speafic afferent system, transmitting imforma-
tion from one kind of sensory receptor (monomodal projection) (Fig 14, RO a b
and R1 ¢ d) o1 from a few kinds of sensory receptors (a compound tract with sub-
divisions for different modalities) 2) Unspeaific afferent systems with convergent
wputs from different kinds of receptors (multinodal and heterotopic projection)
(Fig 14, umts e and f) such systems project diffusively to subcottical bramn struc-
tures and cottical areas (Fig 14, RO a ¢ bandd R1 ¢ e band d) <) Specific as
well as unspecific projection to cerebral cortex 1s not duect hne, it 15 represented
by oligosynaptic or polysynaptic pathway It can represent the site of divergent
and/or comvergent projections {anatomic substrate of hrerarchic orgamezation) and
se1ve as a delav line (tumng of sensory stimuli)

Two substantial constiamnts were taken mto account i the proposed model
networth 1) Synchromzing connections (Fig 1 unit e) must not excite with su-
prathieshold mtensity model neurons (newrowds) mn the ‘target column” (Fig 14
units b and d) because 1 that case, coupled neuroids would 1espond with discharge
activity to multiple spatially distributed 1eceptive hields 2) They have to allow for
quickly occuriing synchionization with zero phase-lag

The approach to problem solution

I'he 1esponse of neuroids in projection arcas (Fig 14 units b and d) evohed by ac-
tivity mmodalits -specific afferent pathwavs (Fig 14 RO @ band R1 ¢ d) consists
of an ecarlv discharge tollowed by sustammed (above one hundred ms) subthieshold
encitation The period of subthieshold excatation represents the tume during which
binding between projection areas can be established

The signal entering an unspecific system evokes activity i chains of neuroids
organized m closed loops (Fig 14 units ¢ and f) Spiking activity 1everberating
loops gencrates thy thiic, oscillatory discharges transmitted to all projection areas
{Fig 14 ¢ band ¢ d) Osallatory dischaiges excite neuroids i projection areas
with subthireshold mtensity

Temporal and spatial summation of the sustamed excitatory mfluence evoked
by the activity 1n the modahty-speafic pathway with rhythmic excitatory volleys
generated by unspecific systems occurs and transient coahtion of newoids mn dif-
ferent projection areas 1s established m the form of coherent oscillatory responses
with none o1 minumal phase-lag The minunal phase-lag could be the 1esult of un-

B A 1aster display of the spike potentials (vertical bars) arriving via mputs 10, 11 and
generated m unmits b and d In this case, the activation of 10 (11) was set 2 5 ms (225 ms)
after the start of the simulation € Simulatancous activation of 10 and 11 2 5 ms aftex
the stait of the simulation D Activation of 10 (11) 2 5 ms (110 ms) after the <tart of the
sunulation See text for details
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even distances between osallatory center and projection arcas (Fig 14, compare
¢ bwith ¢ d)

Duiing the binding period, the inputs to neuronal throngs mvolved (modality
speafic Fig 14 a ¢ and convergent Fig 14 e, f) are ‘dosed’

The network generates 1egulatory commands which determine the tining of
the bindmg period as well as the duration of other concomitant processes (e g
mptts protection agamst disturbing signals) Fast oscillations and slow (regulatory)
comniands have the same substrate (Pavlasek 1997)

The curcuitry

INguie 2 shows a model network consisting of 30 neuroids (0 29) Thete are two 1n
puts (10 and 11) 1epresenting primary afferents entering the network and conveyving
mformation rom two kinds of receptors (e g different modalities and/or hetero-
topu arcas) Each mput has oligosynaptic projection (disynaptic m this case) via
the specific afferent system (neuroids 0 and 6) to its projection area (ncwmoids 1

4 ;_

4 )b 1(10
X
1-%):* ®

Figure 2. A model nctwork consisting of 30 model neurons (neuroids 0 29) with two
mputs (10 and 11) Connections marked by the bats (dots) are excitatory (inhubitory) the
crosses mdicate subthreshold excitatory mfluence Neuroids 0 6 and 1, 7 1epresent units
a cand b d from Fig 14 See text for details
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and 7) Moreover both mputs converge on neutoid 12 representing the first umt
n the unspectfic (multimodal, heterotopic) polvsynaptic afferent system (cham of
neuroids 13 16) with five synapses i this simulation which has diffuse projections
to spectiic projection areas (neuroids 12-13 14 15 16 1 and 12 13 14 15 16 7)
Two two neurowd loops (2 3 and 8 9) 1epresent dynamic memory units mantain
mg mformation about activity i the speafic aflerent svstems (neuroids 0 and 6) m
the form of a continual tiamn of reverberating spikes Two closed loops of distinct
complexaty (neurowds 13 14 15 16 13 and 17 18 19 20 21 17) are activated from
the same source (newroid 12) and thenr outputs are coupled by convergence on
a common newond (22) Coupled loops represent a system producing tune delay
between the mput (newroad 12) and output (neuroid 22) signal (Pavlaseh 1997)
This system also serves as a source of oscillatory activity (generated wm the loop
13 14 15 16 13) osullatory activity 15 transmutted to specific projection arcas {(v1a
pathways 16 1and 16 7) The network 1s provided with mechanisins preventing the
arrnval of distunbing signals (inhibitory ncuroids 5 and 11 excited by 1everberating
activity 1 two newowd loops 24 25 and 27 28) and 1s cquipped with mlubitors
units for loop resetting (neuroids 4, 10 23 26 and 29)

Tunimg of actwity flow

Two signals arine stuultaneously in the network via two mputs (10 and 11) 2 5 ms
aftar the start of sunulation (Fig 1) Thev evoke monosynaptic suptathieshold
excitatory postsynaptic potentials (EPSPs) m neurowds 0 (Fig 3) and 6 siuulating
piimary neutons in two spectfic (monomodal) afferent pathwavs Both signals entcy

mg the network set up at the same time monosy naptic suprathrcshold EPSP at the
lovel of ncwoid 12 (Fig 3) sunulating an mput unit of an unspecific (conveigent)
system The decay phasc of monosynaptic EPSPs m neurowds 0 and 6 15 shortened
by the fcedforward disynaptic (10-5 0 and 11 11 6) and feedback (recurrcnt) tisy

naptic (10 0 5 0 and 11 6 11 6) inhbitory wmfluence of neurowds 5 (Fig 3) and
11 upon newroids 0 (Fig 3) and 6 In the case of the convergent neuroid 12 the
fecdforward disynaptue mlubition 10 5 12,11 11 12) and feedback oligosynaptic
mhibition (10 12 25 5 12,11 12 28 11 12) become effective (Fig 3) The mlubi-
tion of neurowds 0, 6 and 12 1s restored and maintained by disynaptic activation
(10 12 25 and 11 12 28) of two short two-newmoid loops 24 25 (Fig 4) and 27 28
with 1everberating activity exating inhibitory neuroids 5 (Fig 3) and 11 In such
a manner the mputs to spectfic projection areas as well as to unspecific system are
(losed’ and the network 1s protected against disturbing afferent signals However

supposing a higher tensity of stimulus (heterotopic, heteromodal) with arrival
shortly delaved after oscillation has alieady started i some 1egions o1 consider

ing lowner effectiveness of the mhibition of the mputs to specific projection areas
(Fig 2,10 0 compared with 10 12); oscillation coherent with oscillations mduced
shightly earlier i other projection areas could be generated (Fig 1D,b,d) These
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timing mechamsms (ould codetermine whether a pattein of receptois activation
15 centrally processed as one complex stimulus (many mputs activated at a time)
(Fig 1C b,d) o1 as two different stimuli (close sequence of stimuli separated by
mhibitory penods) (Fig 1B,b,d)

Spikes outgoing newroids 0 and 6 evoke early monosynaptic responses of neu
roids 1 (Fig 3) and 7 simulating neurons n specific (primary) projection cortical
areas (Fig 14, wts b and d are represented by neuroids 1 and 7 in Fig 2)

At the same time the spike propagated in axon collateral of neuroid 0 mtiates
(via monosvnaptic connection 0 2) 1everberating activity in two neuroid loop 2
3 (Fig 3) which exerts sustained subthieshold exatatory influence on neuroid 1
(F1ig  3) (synaptic connection 2 1) The spike m the axon branch of neuroid 6
evokes (via monosynaptic connection 6 8) reverberating activity mn loop 8 9 which
nutiates sustamed subthreshold excatation in neuroid 7 (synaptic connection 8 7)
The aforementioned processes could have representation i eaily components of
the evohad responses of cortical neurons which ought to be composed of an early
discharge followed by subthreshold transinembirane depolarization lasting about
100 ms (Fig 3)

The activity evohed 1n the unspecific (convergent) afterent pathway (10 12
and 11 12) 15 mediated thiough a polysynaptic chain (neurowds 12 13 14 15) to
neurord (16) having diffuse projections (16 1 and 16 7) to specific projection areas
(neuroids 1 and 7) (Fig 2) It means that late (multisynaptic) components 1n the
responses of neurords 1 and 7 have a common generator The unspecific ascending
system exates neurowds m speafic projection areas (1 and 7) with subthieshold
mtensity

A charactenstic structural featuie of the complex neuropil of an unspecific
system are recurrent o1 reaprocal synaptic connections (closed loops) They ar¢
siulated 1 the presented model netwotk by two loops consisting of four (13 16)

Figure 3 The activity flow in the model network giving rise to coherent oscillations
spatially distiibuted neuroids I The 1esults simulating mtracellularly 1ecorded postsy

naptic potcntials m neurotds 0 1 2 4 5 12 and 13 (Fig 2) The eight horizontal lines
above the simulated recordings represent possible synaptic mputs and the small verta

cal bars superunposed on them indicate spikes artiving 1 the synaptic ending (active
mputs arc marked by short horizoutal bars on the nght hand side) The dotted horizon

tal lines arc the threshold levels for spike (SP) gencration (vertical bais on the sinulated
1ecordings) The dash-dot dot horizontal lines represent resting transmembiane potential
upward (downward) deflections simulate excitatory (inhibitory) postsy naptic potentials
(PSP) Abscissa sinulation time mm milliseconds ordinate simulation of the transmem
brane potential in millivolts providing an approximate range of PSP and SP amphtudes
m a biologically realistic neuron See text for details
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and five (17 21) newrowds (Fig 2) The signal entering the network via neuroid 12
and activating the unspeafic system evokes reverberatory activity in both loops
Then distinct complexaty 1esults m different frequencies of reverberatory spiking
simulated interspihe interval of 24 ms for loop 13 16 corresponds to approxinately
12 Hs (Fig 1B — D b,d Fig 3), the mterval of 39 ms for loop 17 21 (Fig 1) cot
responds to about 26 Hz The 24 (39) ms mterval simulates synaptic t1ansmission
1l a relatively short chain consisting of approximatelv 8 (13) biologically realistic
neuwrons (Pavlasek and Petrovicky 1994)

Rhy thine discharges of neuroid 16 (neuroid 16 1 Fig 2 represents umit e from
Fig 14) monosynaptically excite neurowds 1 and 7 (newoids 1 7 1mn Fig 2 corte
spond to wnts b, d m Fig 14} with subthieshold mtensity In the simulated casc
signals mmputs 10 and 11 evohed reverberating activity in two neuroid loops 2 3
and 8 9 (Fig 2) exerting sustamned subthieshold excitatory mnfluence on neuiowds 1
(g 3) and 7 The temporal summation of subthreshold excitatory mfluences trom
both sources occurs (Fig 3 newmoid 1) and svnchionous osallatory discharges (fie
quency 42 H/) without phase lag are generated m newowds 1 and 7 (Fig 1€ b d
Fig 3)

The outputs of two loops (neurowds 16 and 21) are coupled by convergence on
a common newoid 22 (Fig 2) Each of them xates newoid 22 with subthreshold
mtensity  the propagated response (spike) mn neuroid 22 1s set up only when man-
nnal temporal swnmation of the EPSPs evoked by both of them occurs (Fig 4)
The mput signals m 10 and 11 arnive sunultaneously 2 5 ms after the start of the
simulation (Fig 1C') and propagated spike in neuroid 22 1s generated 195 ms later
(Fig 1) Thus, in the presented simulation the mterval of 195 ms 1epresents the
time period m which a) Stimulus induced oscillations at the level of projection
ateas {Fig 2 neurowds 1 and 7) are i progiess (Fig 3) and bmding 15 estabhished
between than by coherent oscllation without a phase-lag (Fig 1C,b d) b) The
mputs of the network (neuroids 0, 6 and 12) are “closed” by postsynaptic inhibition

Neuwroid 22 excites monosynapticallv with suprathreshold mtensity mhibitory
neuwroids 4 10, 23, 26 and 29 (Figs 2, 3, 4) and resetting of all loops occurs (Figs 3,
1) In this way the subthieshold excitatorv influences on neutoids 1 and 7 (Fig 2)
ate extinguished and the hyperpolatizing shift of the membrane potential 1 input
nentords 0, 6 and 12 (Fig 2) 15 termunated (Fig 3), the mputs “open” for the
subsequent spikes arriving m the network

Figure 4. The activitv flow 1n the model network giving 115e to coherent oscillations m
spatiallv distributed neuroids II The results simulating intracellularly recorded postsy-
naptic potentials in neuroids 16 17, 21 22, 23, 25 and 26 (Fig 2) Other symbols as in
Fig 3 See text for details
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Discussion
Physiologrcal plausibiity of the presented model

The submitted hypothesis, supported by the simulations provided with model net-
worhs suggests that a) Oscillatorv cortical activity 1s primarily generated at the
level of nnspecific subcortical systems with diffuse ascending projection to primary
sensory cortical areas b) Coherent oscillations with zero phase-lag 1n spatially
separated projection areas can be quickly set up by stunulus-evoked activity trans-
nutted m specific and unspectfic systems and converging at the level of neurons 1
the projection areas mvolved In the next sections, this hypothesis will be supported
by results of neurophysiological experiments

In the deep structures multimodal and heterotopic convergence was observed 1
the reticular formation (Scheibel ot al 1955) and at the thalamic level (Albe-Fessard
and Besson 1973) The 1eticulo-thalamic tract (1tunning from the medial system
of the reticular formation mto the posterior mtralaminar, and medial nucdleus of
the thalamus) 15 a part of the ascending activating system (Moruszz1 and Magoun
1949, Kmnomua et al 1996) Multiple cortical regions having convergent properties
have been desciibed (Amassian 1954, Albe-Fessaird and Besson 1973), these can be
activated by thalamo-cortical fibers orginating i non-specific thalamus (reticulo-
thalamo-cortical system)

The catlier components of the somatosensory evoked potentials (SEPs) ob-
served 1 human brain electrophysiology possibly reflect activity m the receptor-
speaific and site-specific afferents of the lemmscal portion of the thalamo-coitical
pathway and 1epresent early cortical postsynaptic activity (Werner and Whitsel
1973) The late components of the SEPs (with latencies longet than about 70 ms)
(Regan 1989) obviously have a common denominator as their time-courses are sun-
dar (Ciganek 1991) These “associative” responses evoked by brief somatic, visual,
o1 auditory stunuh are vulnerable to barbiturates, frequent stimulation, and they
ate substantially modified by the state of wakefulness (the depressant effect of

arousal”) (Segundo and Galeano 1960) All these facts mdicate that the conver-
gent cortical mflow 15 mediated through non-specific reticular o1 thalamic zones
(Albe-Fessard and Besson 1973)

As was shown by mtracellular recordings from cortical neurons, electric stunu
lation of the specific thalamie nucleus (VL) evoked m pyramidal and nonpyramidal
tract newons short-latency dischaige followed by an additional synaptic depolar-
17ation of the membiane potential lasting more than 50 ms (Purpura et al 1964,
Puipura 1967)

The EPSPs elicited 1n neocortical neurons by stinulation of nonspectfic tha-
lamocortical projections (Creutzfeldt and Lux 1964) are mediated by axodendritic
synaptic contacts localized much further away fiom the soma of the conveigent
cortical cells than speafic afterents (Nacinuento et al 1964) Such EPSPs are fre-
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quently of subthieshold mtensity for spike generation If the subthreshold EPSP of
speafic origin falls on the EPSP of non-specific origin, summation of depolarization
and cell firing occurs

The orgen of oscillations

Cellular pacemakers (Lhinas 1990) as well as emergent functional propeities of
the networks can be the source of oscillatory rhythins With all probability, both
mechanisms coexist 1 the bulbar reticular formation (Segundo et al 1967) as well
as 1n the thalamus (Steriade and Limnas 1988) The regular spontaneous discharge
activity observed i thalamic neurons (Purpura and Shofer 1963) may become
synchronized with the cortical neurons 1n a closely correlated fast rhythm (Steriade
¢t al 1991 Barth and MacDonald 1996) The presence of oscillatory activity m
the thalamus after decortication indicates that local synchiony 1s still maintained
by mtrathalannc connectivity (Contreras et al 1996) This effect could be the
consequence of extensive commumication between thalamo cortical and thalamic
retrcular cclls (Crick 1984)

The morphological substrate for 1thythmic fining can be sequential activity
propagation m networks with a ring geometiy as well as in networks with recurrent
connections and/or 1eciprocal links (closed loops) The sensitivity of the system
genetating oscillatory activity n closed loops to disturbing afferent signals should
be stressed {Toutsumi and Matsumoto 1984) There exist experimental 1esults i
dicating that at various levels of the unspecific sensory systems mhibitory mech
anisms opaate which could “guard” the mputs to the involved structures while
the mformation processing is m progress The following has been confirmed 1n the
ponto medullary reticular formation (Pavlasek and Pilyavskn 1981, Pavlasek and
Petrovicky 1994) a) Automhibition of the stimulated mput channel (depression
of the response to the second stimulus 1n a twin-stimulus experimental 1egimen)
b} A blocking mteraction (in the expeniments with conditioning-testing stimulus
protocol) among sensory channels The mentioned inhibition (complete or paitial)
can last for hundreds of ms The depression of the respouse to the second stimulus
occurs at the thalamic 1elay station as well as at the coitical level (Werner and
Whitsel 1973) An mhibition of responses 1apidly develops i the reticular forma
tion (Pavlasek and Petrovicky 1994) and unspecific thalamus (Albe Fessard and
Besson 1973) when the repetition rate of the stunuli apphed to the same peripheral
region 1s higher than 3 Hz

Direct 1epetitive stimulation of the reticular formation can be considered as
a barrage of disturbing signals bypassing the inputs protecting mechanisms and
abolishing spontaneous oscillatory activity m the unspecific subcortical structures
As observed 1n cortical neurons, such stimulation caused disappearance of the pha-
sic discharges which were replaced by the whole 1ange of activation patteins rarelv
reaching the firing level (Skrebitsky et al 1980 Steriade et al 1980)
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There ate tracottical mechamsms which might play an mmportant iole n
establishing local neural synchromization A biophysically distinct subset of cortical
neurons termed  chattering” cells has been 1eported (Gray and MeCormmck 1996)
In 1esponse to sensory stimulus they mtrnsically generate 20 to 70 Hz 1epetitive
burst fining and thus paiticipate in the reciuitment of laige populations of cells
mto syvuchronously fining assemblies Neuroids of this type have not been included
m the present model

Therc arc expernnental observations on split-bramn (Engel et al 1991) and
strabismic kittens (Lowel and Singer 1992) indicating a cortico-cortical mechanisin
of synchrontzation Sunulation studies demonstrate that mtracortical mnechanisnis
nught generate coherent oscillations over laige distances without phase lag despite
varlable conduction delavs m the svnchionizing mtracortical connections (lonig
and Schillen 1991 Traub et al 1996) According to these results synchronization
with sero phase-lag can be achieved without common mput

Other authors tend to suppose that the mterareal ssuchrony 15 not attamed
withim cortical cicuts (cortico-cortical connections) such an opion 1s supported
by the fact that a deep cut through the cortes does not extingush coherent oscil-
lations 1ecorded with cortical electrodes placed on the opposite sites of the lesion
(Livanoy 1989 Contieras et al 1996) Transscction of subcortico-cortical afferents
abolishes cohcrent osallations in the mvolved cortical 1egion (Livanoy 1989) thas
result pownts to the crucial 1ole of subcortical structures in generating synduomzod
activity of cortacal cells Moreover, 1esults of theoiretical works support the view
that long-distance synchronization with zero phase-lag 1s mndicative of common
mput {Gastein and Perkel 1972)

Therctore the osallatory activity in unspecific subcortical center(s) (bramstem
reticular tormation and thalamus) seems to be a proper candidate for setting up
colierent cortical oseillations The generation stabilization sclection and focusing
of syncnonous thalamo-cortical osallations depend on feedback projections from
cortical regions to nearly all thalamic nucler and on mechausm of lateral inhibition
(Contreras et al 1996, Kial and Majernik 1996) Supposing subthieshold excitators
mfluence of unspeaific thalamic cells on cortical neurons such a stream of activity
could be mstrumental for putting together all nenronal groups (feature extiactors)
sunultaneously 1espondng to specific afferentation

The suggested mechanism has the followimng characteristics a) It enables tapid
ostabhishig, of transitory (Freeman 1988 Gray et al 1992) functional relation-
ships between cell groups ladking dnect 1eciprocal connections b) Its substantial
attnibute s a combmatorial flexability o) Tt can reflect the feature constellations of
the stimulus d) The topographic projections or preservation of metiic propottion-
ality 1s not an imperative condition
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Just questions

The thythms n the brain and especiaily coherent oscillations as a temporal code
could undeihie fundamental bram functions connected with immformation processing
and consciousncss The following 1deas arc hotly debated (Crick 1984 Giay et al
1989 Crich and koch 1990 Singer et al 1990 Singer 1993 Schullen and konig
1994) bmding mechamsms global stunulus perception selection of functionally
coherent neuronal ensembles long term modifications of synaptiwc efficacy and 1e
ordamg of functional connectivity  structuning and timing of the activity flow
working memory non local mtoration storage in the anatomical spacc the basis
for dynanue processes in noulinear systems visual anareness

The presented speculative hypothesis suggests a speaific role for unspectfic
systoms 1w the mechamisms enabling diffcrent groups of osallating neurons to fall
MtO step aross large distances

All of these concepts plausible though they may be must be regarded as
speculative until supported by much strongor neuwrophysiological experimental 3
wdcnce and assessed at the behavioral levad The reduced but not oversunplificd
neural nctwork models could have a major unpact on them therchbv providing o
logical framewoth and suggesting solutions
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