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The Binding Problem in Population Neurodynamics: 
A Network Model for Stimulus-Specific Coherent Oscillations 
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Abstrac t . A hypothesis is presented that coherent oscillatory discharges of spa­

tially dis tnbuted neuronal groups (the supposed binding mechanism) are the result 

of the comeigcnce of stimulus-dependent activity m modality-specific afferent path 

ways with oscillatory activity geneiated in unspccific sensoiy systems This view is 

supported by simulation experiments on model networks 

K e y w o r d s : Neuional groups — Coherent oscillations — Binding mechanism — 

Model nctwoiks 

Introduct ion 

Sensoiy recognition systems obviously take advantage both of senal and parallel 

computing mechanisms m the form of distributed hierarchical processing 

Serial processing requires hierarchically organized neural networks A stimulus 

o\oked neuional activity entering the biain via parallel pathways with divergent 

projections integrates at higher levels by convergence on common neuronal pools 

Such moiphological and functional concepts create "intelligent" neuron (grand-

inothei cell object specific neuion, cardinal cell, pontifical cell, gnostic cell, key 

nem on) capable of discriminating and identifying very complex and specific str 

muh 

Parallel processing m diveigent systems is much moie difficult to define In this 

case the nemal image of a stimulus is not represented by an "intelligent" neuion 

but by simultaneous neuronal activity in several specialized brain areas at different 

levels These frequently remote regions must be functionally coupled (the binding 

pioblem) to provide global percept and memory formation (Edelman 1987) 

In addition to binding built in by genes (anatomical ai chitecture) or built 
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up by expenerue (activity induced, plastic changes of functional connec ti\lty ) a 
t h u d type of binding per f 01 med by synchronization of oscillatoiv responses of the 
i t ley ant neurons is suggested (Lnanoy I960, 1973, Click and Koch 1990) 

In response to yarious stimuli subsets of neuions m involved coitrcal areas dis-
pla\ ( oheient ihy thmic ruing in the gamma frequent y band (30 to 70 Hz) (Eckhoin 
et al 1988, Giay and Smgei 1989 Muiphy and Fet/ 1992, Lament 1996) o c c u n m g 
eye n acioss the two hemispheres (Engel et al 1991) Rhythmic bursts have usually 
a duration of about 100 ms yvith 4 6 c>cles of oscrllatron at typical frequencres at 
10 60 H/ (Freeman 1994) \ general theoietrcal problem of considerable mteiest 

is the design of efficient systems that can quicklv set up c oheient, phase-locked 
ns( illations with zeio phase-lag 

The presented model is based on neuroplrvsrological (oncept suggesting dual­
ity ot function m the somatic afferent system which is composed of specific and 
unspoufii subsystems (Mountcastle 1967) The specific subsystem is represented 
by nei\c cells preserving information Írom different classes of receptors (modality, 
tempoial c haractenstics and topographic arrangement betyyeen íeceptoi legions 
and coitical projection areas) Such groups of cells (called feature extractors) grve 
use to spatially sepaiated coitrcal actnity The unspecific subsystem transmrts 
y la diffuse pathways projecting to yast brain stem and coitical legions c ony er gent 
(multimodal heterotopic) mfoimation 

It is suggested that binding between neuional assemblies disti ibuted oyer many 
coitical aieas (formation of a 'hoiizontal assembly") is brought about by the in­
tegration (convergence) of actrvrty medrated by both mentioned 'vertical" after errt 
subsystems (Fig 1 4) 

M a t e r i a l s a n d M e t h o d s 

Qui model neuion (nemoid) JASTAP (Janco et al 1994) obeys the pime íples w hie h 
goyem the physiology of a biologically íeahstic neuron yvith chemical tiansmission 
of mioimation 

The basic element of the network is a rreuiord It rs descrrbed by 
1) Instantaneous membrane potential (Mp) Mp is a dimensionless quantity 

yyithm the ( —1 1) range 
2) Membrane potentral determrrred as the sum of postsynaptic potentials (Psp) 

limited by the iionhneai function 

Up(ŕ) = (2/7r)aictg ( ^ P s p ( i ) ) (1) 

3) \ threshold (Th) fiom t h e mteival (0,1) 
4) The frequency of spikes (Sp) is íes tncted by the absolute lefractory pe-

n o d This is managed b} setting minimum (Imn) and maximum (Imx) mterspike 
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inteiyals The actual mterspike interval (la) is determined as 

la = Imn + (Imx - Imn) (2/TT) aictg ((Mp - Th)/(1 - Mp)) (2) 

The s tandaid value for Imn was 1 ms, and Inn ianged from 2 nrs to 10 ms The 
T/Í yalues used m simulations \yeie close to 0 5 

5) Beliayioi irr terms of phasicity or tonicity (these functions have not been 
a c t u a t e d in the present work) 

Every neuioid can have 8 synaptic inputs but a single output T h e piogiam 
tieats the synapse as a part of the neuioid The output can be connected to one 
oi several synapses m the network of neuioids A synapse is chaiacten/ed bv 

a) Input connected to it 
b) Shajie of a P s p prototype which is evoked by Sp a r m i n g at this synapse 

(paiticulai wavefoim is selected fiom a set of prototype P^p shapes stoied m a 
buffer of P s p yyayefoims) The P^p prototype is descnbed by 

Psp{t) = A (1 - exp(-f/r , ) ) 2 e x p ( - 2 ŕ / ŕ 2 ) (3) 

The yyayeform simulates whether the synapse in question is lejcated on the soma 
oi on the dendntic t iee (the time-course and the attenuation of its amplitude) In 
this piesentation the same P^p time-courses weie used for exe rtator v and rrrhrbrtory 
PS/J (ti = 0 3 and t2 = 2 7 ms) with a lower amplitude foi mhibitoi j Psp 

t ) Latenc y (time delay) of the t>ynaptic tiansmission and/oi axonal conduc tion 
d) Synaptic weight (Sw) has its value from the mteival (—1,1) Sw simulates 

effectiveness of a synaptic input (a synchronously- actrvated set of axons of the same 
type or a c luster of the terminal blanches of an axon) 

e) Developmental changes which determine instantaneous, effective Siu These 
mechanisms representing plastic activity-induced alteiations weie not activated in 
the presented simulations 

The computet piogiam JASTAP has been written m C++ language foi IBM 
compatible personal computers, rt runs under Wmdows 3 11 The program can de­
fine a netyyoik bv simple command language and simulate its activity in disciete 
time- mteivals (0 5 ms steps) Results can be displayed in the form of intracellu­
lar recording with a micioelectiode (Frgs 3, 4), or as a i aster m a p of the sprke 
potentials (Fig I P D) or saved to disk files 

R e s u l t s 

Morphological and functional principles incorporated in presented model networks 

a) Each modality of sensation depends upon information transmitted along one 
oi more (parallel) sensorv pathways with projectron to one specrahzed (prrmary) 
projectron cor t real area or to more (nonprrmary) coitical aieas b) Each modality 

file:///yeie


326 Pa\ lasek 

C 

-*
• 

o
 

1-

h , III 1 , 1 1 1 1 1 1 

d , , . , i l l , 1 1 , 

C .oj , 
i i i 

b , m i , i i i, i i , i 
d m i i i i i i i 

D , o . l 
11 l 

b , III I , I I l. I I , I 
d III i l i 

o 60 120 180 240 ms 300 

Figure 1. Coheient oscillations in spatially distributed neuional gioups 4 Simplified 
schematic illustration of the sensoiy systems RO and Rl stand for two different íeeeptoi 
gioups with their inputs (lO and ll) into the central nervous system The full lines eon-
ncetmg a b and c d represent afferent pathways belonging to the specific sensoiy systems 
which transmit activitv to the neuions m the cortical primary projection aieas (b, d) The 
dashed and dotted lines illustrate mtiacortical and transcallosal connections Neuions m 
subcortical unspecinc structures indicated bv e and / íeceive convergent (heteromodal 
and/or heterotopic) afferent information (a e and c-e) they have reciprocal connections 
(e f and / c) and dneigent projections to neurons in cortical areas (c-b and e d) 
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leaches the cerebral coitex via 1) A specific affeient system, transmitt ing informa­
tion from one kind of sensoiy receptor (monomodal piojection) (Fig 1 4, BO a b 
and P I e d) or from a few kinds of sensoiy recept or s (a compound tract with súb­
ehy ísiorrs foi different modahtres) 2) Unspecrfic affeient systems with conveigent 
inputs from different kinds of leceptors (multimodal and heterotopic projection) 
(Fig 1 4, units e and f) such systems piojec t diffusively to subcoitical b i a m struc­
tures and coitical aieas (Frg 1 4, BO a c b and d BI e e b and d) c) Specific as 
well as imspecific projection to ceiebial coitex is not dnect line, it is represented 
by ohgosynaptic oi poly synaptic pathway It can íepiesent the site of divergent 
aird/oi c oin eigent piojections (anatomic substrate of hieiaiehie oigamzation) and 
seive as a delay line (timing of sensoiy stimuli) 

Two substantial constraints yvere takerr rrrto account m the pioposed model 
netyyoik 1) Synchiomzmg connections (Fig 1 unit e) must not excite yyith su-
piatlneshold intensity model neuions (iiemoids) in the 'taiget column" (Fig 1 4 
units b and d) bee ause in that case, coupled iiemoids yyould respond wrth drsc harge 
activity to multiple1 spatially distributed íeceptive fields 2) They have to allow foi 
quickly oc c l ining sy nchiom/ation with zero phase-lag 

The approach to problem solution 

The íespoirse of nemords in piojection areas (Fig 1 4 units b and d) evoked by ac­
tivity m modality -specific affeient pathw ay s (Fig 1 4 PO n Ď and P I e d) consists 
of an eailv dischaige followed bv sustained (above one hunched ms) subthiesholel 
excitation The i>eiiod of subthreshold excitation represents the time during which 
binding between piojection areas can be established 

The signal entenng an unspecific system evokes activity in chains of neuioids 
oigamzed in closed loops (Fig 1 4 units c a n d / ) Spiking activity íeveiberatiiig m 
loops generates rhythmic, oscillator} drscharges transmitted to all piojection areas 
(Frg 1 4 e b and e d) Oscillatory dischaiges excite neuioids m piojection aieas 
with subthieshold mtensrtj 

Temporal and sjmtial summation of the sustained excitatoiy influence evoked 
bv the activity in the modahty-sj:>ec lfic pathway with rhythmic excitatory vollevs 
generated by unspecific systems occurs and transient coalition of neuioids in dif­
ferent piojection areas is established m the form of r oheient oscillatoiy responses 
with none oi minimal phase-lag The minimal phase-lag could be the íesult of un-

B A iastei display of the spike potentials (vertical bars) arriving via inputs íO, ll and 
generated m units b and d In this case, the activation of íO (íl) was set 2 5 ms (225 ms) 
after the stait of the simulation C Simultaneous activation of lO and ll 2 5 ms aftei 
the stait of the srmulation D Actuation of lO (il) 2 5 ms (110 ms) after the start of the 
simulation See text for details 
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even distances between oscillatoiv center and projectron areas (Fig 1 4 , compare 
c b with c d) 

Duiing the binding period, the inputs to neuional throngs mvolved (modality 
specific Fig 1 4 « e and convergent Fig 1 4 c , / ) are 'closed' 

The network geneiates íegulatoiy commands which deteimine the timing of 
the binding j ienod as well as the duration of othei concomitant processes ( eg 
inputs pi otec t rem agarnst disturbing signals) Fast oscillations and slow (regulatoiy) 
c oiimiands have the same substrate (Pavlasek 1997) 

Tlit cncvitiy 

Tigine 2 show s a model network consisting of 30 neuioids (0 29) Theie are two m 
I>uts (lO and i l ) representing pnmaiy affeieiits entermg the netwoik and conveying 
information fioin two kinds of íeceptors (eg diffcient modalities and/o i hetero­
topic ait as) Each input has ohgosv naptic jiiojection (thsynaptie in this ease) via 
the specific affeient system (neuioids 0 and 6) to its projection aiva (neuioids 1 

Figure 2. A model netwoik consisting of 30 model neurons (neuroids 0 29) with two 
inputs (i0 and il) Connections marked by the bais (dots) are excitatory (inhibitory) the 
crosses indicate subthreshold excitatory influence Neuroids 0 6 and 1, 7 íepiesent units 
o t and b d fiom Fig 1 4 See text for details 
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and 7) Moreover both inputs converge on neuioid 12 representing the first unit 
m the unsjjecific (multimodal, heteiotopic) polysynaptic afferent svstem (chain of 
neuioids 13 16) with five synapses m this simulation which has diffuse piojections 
to specific piojection areas (neuioids 12-13 14 15 16 1 and 12 13 14 15 16 7) 
I w o two neuroid loops (2 3 and 8 9) íepiesent djnaime memory units maintain 
nig mformatron about activity in the specific affeient systems (neuroids 0 and 6) m 
the fonn of a continual t i am of reveibeiatmg sjiikes Two closed loops of distinct 
complexity (neuroids 13 14 15 16 13 and 17 18 19 20 21 17) are activated fiom 
the same souice (neuioid 12) and then outputs aie coupled by conveigenct on 
a common neuioid (22) Coupled loops iej)resent a system pioducmg time delay 
between the input (neuioid 12) and outjmt (neuroid 22) signal (Pavlasek 1997) 
This svstem also serves as a source of oscillatoiy activity (geneiated m the loop 
13 14 15 16 13) oscillatoiy activity is t iansrmtted to specific projection aieas (via 
pathways 16 1 and 16 7) The netwoik is piovided with mechanisms preventing the 
aiiival of d is tmbmg signals (inhibitory neuioids 5 and 11 excited by i ever ber at mg 
activity in two neuioid loops 24 25 and 27 28) and is equipped with mlnbitoiy 
units foi loop leset tmg (neuioids 4, 10 23 26 and 29) 

Tuning of activity flow 

Two signals a r m e simultaneously in the netwoik via two inputs (lO and i l) 2 5 ms 
aftci the stai t of simulation (Fig 1C) They evoke monosynaptic supiathieshold 
exeitatoiv postsynaptic potentials (EPSPs) m neuioids 0 (Fig 3) and 6 simulating 
pirmary neurons m two specrfic (monomodal) affeient pathway s Both signals entci 
mg the netwoik set up at the same time monosynaptic suprathicshold E P S P at the 
level of nc moid f 2 (Fig 3) simulating an input unit of an unspecrfae (eonvcigent) 
system The decay phase of monosynaptic EPSPs m neuioids 0 and 6 is shortened 
bv the feedforward drsyrraptrc (rO-5 0 and i l 11 6) and feedback (recurrent) trrsv 
naptrc (lO 0 5 0 and i l 6 11 6) mlnbitoiy influence of neuioids 5 (Fig 3) and 
11 upon neuioids 0 (Fig 3) and 6 In the case of the convergent neuioid 12 the 
feedfenward thsynaptic inhibition (IO 5 12, il 11 12) and feedback ohgosynaptic 
inhibition (iO 12 25 5 12, il 12 28 11 12) become effective (Fig 3) The inhibi­
tion of neuioids 0, 6 and 12 is lestored and maintained by disynaptic activation 
(iO 12 25 and i l 12 28) of two shoit two-neuioid loops 24 25 (Fig 4) and 27 28 
with íeverbeiatmg activity exciting inhibitoiv neuroids 5 (Fig 3) and 11 In such 
a manner the inputs to specific piojection areas as well as to unspecific system aie 

closed' and the netwoik is protected against disturbing affeient signals Howevei 
supposing a highei intensity of stimulus (heterotopic, heteiomodal) with aiiival 
shoitly delayed aftei oscillation has aheady started in some legions oi considei 
ing lower effectiveness of the inhibition of the inputs to specific piojection aieas 
(Fig 2, iO 0 compaied with iO 12), oscillation coheient with oscillations induced 
slightly eaiher m other projection areas could be generated (Fig lD,b,d) These 
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timing mechanisms could codeteimme whether a pat tern of receptois activation 
is centrally processed as one complex stimulus (many inputs activated at a time) 
(Fig 1C b, d) oi as two different stimuli (close sequence of stimuli separated b> 
mhibitoiv penods) (Frg lB,b,d) 

Sjiikes outgorng neurords 0 and 6 evoke eaily monosynaptic responses of neu 
íoids 1 (Fig 3) and 7 simulating neuions in specific (pnmaiy) piojection cortical 
areas (Fig 1/4, units b and d are represented by nerrroids 1 and 7 in Fig 2) 

\ t the same time the spike propagated m axon collateral of neuroid 0 initiates 
(via monosynaptic connection 0 2) levtrbeiat ing aetrvrty m two neuroid loop 2 
3 (Fig 3) which exerts sustained subthreshold excitatoiy influence on neuioid 1 
(Fig 3) (synaptic connectron 2 1) The spike m the axon bianeh of neuroid 6 
evokes (via monosynaptic connection 6 8) leverbeiatmg activity in loop 8 9 which 
initiates sustained subthieshold excitation in neuioid 7 (synaptic connection 8 7) 
The afoi t mentioned piocesses could have lepiesentation m eaily components of 
the evoked lesponses of coitical neurons which ought to be composed of an eaily 
discharge followed bv subthieshold transmembrane derjolanzation lasting about 
100 ms (Fig 3) 

The activity evoked in the unspecific (conveigent) afferent pathway (iO 12 
and il 12) is mediated thiough a polysynaptic chain (neuioids 12 13 14 15) to 
neuioid (16) having diffuse piojections (16 1 and 16 7) to specrfic projection areas 
(neuioids 1 and 7) (Fig 2) It means that late (multisynaptic) components in the 
i espouses of neuioids 1 and 7 have a common generator The unspecific ascending 
system excites neuroids m specific projection areas (1 and 7) with subthieshold 
intensity 

\ ehaiactcristic structural feature of the complex neuropil of an unspecific 
system aie leeuncrit oi lecipiocal synaj)tie connections (closed loops) They aie 
simulated in the presented nrodel netwoik by two loops consisting of four (13 16) 

Figure 3 I h e activity flow in the model network giving rise to coher-ent oscillations m 
spatially distributed neuroids I The lesults simulating mtracellularly lecoided postsy 
uaptic potentials m neuroids 0 1 2 4 5 12 and 13 (Fig 2) The eight hoiizontal lines 
above the simulated recordings represent possible synaptic inputs and the small verti 
cal bars superimposed on them indicate spikes arriving in the synaptic ending (active 
inputs are marked by short horizontal bars on the right hand side) The dotted horizon 
tal lines arc the threshold levels for spike (SP) generation (vertical bars on the simulated 
lecordings) The dash-dot dot horizontal lines represent resting transmembiane potential 
ujrwaiel (downward) deflections simulate excitatory (inhibitory) postsynaptic j)0tcrrtrals 
(PSP) Abscissa simulation time in milliseconds ordinate simulation of the transmem 
brane jjotential in millivolts providing an approximate range of PSP and SP amplitudes 
m a biologically realistic neuron See text for details 
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and five (17 21) neuioids (Fig 2) The signal enter mg the network via neuioid 12 
and activating the unspecific system evokes leveibeiatoiy activity m both loops 
Then distinct complexity results m different frequencies of reverbeiatoiy spiking 
simulated inter spike interval of 24 ms foi loop 13 16 coi responds to approximately 
42 Hz (Fig IB - D b,d Fig 3), the interval of 39 ms foi loop 17 21 (Fig 4) coi 
íesponds to about 26 Hz The 24 (39) ms mteival simulates synaptic tiansmission 
m a relatively short charn consrstmg of approximately 8 (13) biologically leahstie 
nemons (Pavlascrv and Petiovickv 1994) 

Rhythmic discharges of neurord 16 (neuroid 16 in Fig 2 represents unit e from 
Fig 14) monosynaptically excite neuioids 1 and 7 (neuioids 1 7 irr Fig 2 cone 
spond to units b, d irr Fig 1 4) with subthieshold intensity In the simulated ease 
signals m inputs iO and il evoked reverberating activity in two neuioid loops 2 3 
and 8 9 (Fig 2) exerting sustained subthieshold excitatory influence on neuioids 1 
(Fig 3) and 7 The temporal summation of subthreshold excitatoiy influence's fiom 
both souices oc c m s (Fig 3 neuioid 1) and synchronous oscillatoiy discharges (fie 
queue v 42 H/) without phase lag aie generated m neuioids 1 and 7 (Fig \C b d 

Fig 3) 

The outputs of two loops (neuioids 16 and 21) aie coupled by convergence on 
a common neuioid 22 (Fig 2) Each of them excites neuioid 22 with subthieshold 
intensity the propagated response (spike) in neuioid 22 is set up only when max­
imal temporal summation of the EPSPs evoked by both of them occurs (Frg 4) 
The input signals m iO and i l air rve simultaneously 2 5 ms aftei the start of the 
simulation (Fig \C) and propagated spike in neuroid 22 is generated 195 ms later 
(Fig 4) Thus, m the piesented simulation the interval of 195 ms icpresents the 
time period irr which a) Stimulus induced oscillations at the level of piojection 
aieas (Fig 2 neuioids 1 and 7) are in piogiess (Fig 3) and binding is established 
between them bv coherent oscillation without a phase-lag (Fig ICJ> d) b) The 
inputs of the netwoik (neuioids 0, 6 and 12) aie "closed" by postsynaptic inhibition 

Neuioid 22 excites monosynaptic allv with supiathreshold intensity mlnbitoiy 
neuioids 4 10, 23, 26 and 29 (Figs 2, 3, 4) and resetting of all loops oc e urs (Figs 3, 
4) In this way the subthieshold excitatoiy influences on neuioids 1 and 7 (Fig 2) 
aie extinguished and the hypeipolaiizmg shift of the membrane poteirtral m input 
neuioids 0, 6 and 12 (Fig 2) is te immated (Fig 3), the inputs "open" for the 
subsequent spikes arriving m the netwoik 

Figure 4. The activitv flow in the model network giving use to coherent oscillations m 
spatially distributed neuioids 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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D i scus s ion 

Physiological plausibility of the presented model 

The submitted hypothesis, supported by the simulations provided with model net-
woiks suggests that a) Oscillatory coitical activity is primarily generated at the 
level oi unspecific subeoitieal systems with diffuse ascending projection to p i imaiy 
sensory cortical aieas b) Coheient oscillations with zero phase-lag in sjnatially 
sepaiated projection areas can be cruickly set up by stimulus-evoked activity t rans­
mitted in specific and unspecific systems and conveiging at the level of neuions in 
the projectron areas involved In the next sections, this hypothesis will be supported 
by results of neuiophysiological experrments 

In the deep stiuc tines multimodal and heterotopic convergence was obseived m 
the leticulai formation (Scherbel et al 1955) and at the thalamic level (Albe-Fessaid 
and Besson 1973) The leticulo-thalannc t iact (running from the medial system 
of the leticulai formation into the posterioi mt ia laminai , and medial nucleus of 
the thalamus) is a j>art of the ascending activating system (Moru/zr arrd Magoun 
1949, Kmomuia et al 1996) Multiple eoitic al legions having convergent pioperties 
have been descnbed (Amassian 1954, Albe-Fessaid and Besson 1973), these can be 
activated by thalamo-coitical fibers originating irr non-sixrific thalamus (reticulo-
thalamo-coitical system) 

The eaiher components of the somatosensoiy evoked potentials (SEPs) ob­
served m human biain eleetiophvsiology jiossibly leflect activity m the receptoi-
siieeifac and site-spec lire afferent s of the lenmiseal portion of the thalamo-coitical 
pathway and represent eaily coitical postsynaptic activity (Weincr and Whitsel 
1973) The late components of the SEPs (with latencies longei than about 70 ms) 
(Regan 1989) obviously have a common denominator as then time-couises aie sim-
dai (Ciganek 1991) These "associative" responses evoked by brief somatic, visual, 
oi auehtoiy stimuli aie> vulnerable to ba ib i tmates , frequent stimulation, and thev 
aie substantially modified by the state of wakefulness (the depressant effect of 

arousal") (Segundo arrd Galeano 1960) 411 these facts mdrcate that the conver­
gent coitical inflow is mediated through non-specific reticulai oi thalamic zones 
(Albe-Fessaid and Besson 1973) 

As yvas shown bv mtracellulai lecoidings from coitical neuions, electnt stmiu 
lation oi the specific thalamic nucleus (VL) evoked m jjyianndal and nonpyiamidal 
t iact neuions shoit-latency dischaige followed by an additional synaptic depolai-
i/ation of the membiane poterrtral lasting more than 50 ms (Puipura et al 1964, 
Purpura 1967) 

The EPSPs elicited m neocoitical neuions by stimulation of nonspecific tha­
lamocortical piojections (Creutzfeldt and Lux 1964) are mediated by axodendritic 
synaj>tic contacts localized much fuithei away fiom the soma of the conveigent 
coitical cells than specific affeieiits (Nacmnento et al 1964) Sucli EPSPs are fre-
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quently of subthieshold intensity for spike geneiaticm If the subthreshold E P S P of 
specific ougm falls on the E P S P of non-specific origin, summation of depolarization 
and cell filing occurs 

The origin of oscillations 

Cellular pacemakeis (Llmas 1990) as well as emeigent functional propeities of 
the networks can be the source of oscillatoiy rhythms With all probability, both 
mechanisms coexist in the bulbar reticular formation (Segundo et al 1967) as well 
as in the thalamus (Stenade and Llmas 1988) The regular spontaneous discharge 
activity observed in thalamic neurons (Purpura and Shofer 1963) may become 
synchronized with the cortical neurons in a closely coi related fast rhythm (Stenade 
e t al 1991 Bai th and MacDonald 1996) The presence of oscillatory activity in 
the thalamus aftei decortication indicates that local synchrony rs strll mamtarrred 
by mtia thalannc connectivity (Conticias et al 1996) This effect could be the 
eonseeiuence of extensive communication between thalamo coitical and thalamic 
ieticulai cells (Click 1984) 

The morphologic al substrate foi lhythnnc fiimg can be sequential activity 
propagation irr networks wrth a ring geometry as well as in networks with tee unen t 
connections and/oi reciprocal links (closed loops) The sensitivity of the system 
generating oscillatoiy activity in closed loops to distuibmg affeient signals should 
be stiessed (Tsutsumi and Matsumoto 1984) There exist expeiimental íesults m 
dicatmg that at various levels of the unspecific sensory systems inhibit oi y mech 
anisms operate winch could "guard" the rnputs to the involved structures while 
the information processing is in piogiess The following has been confirmed in the 
ponto medullary retrcular formation (Pavlasck and Pilyavskn 1981, Pavlasek and 
Petrovieky 1994) a) Automlnbition of the stimulated input channel (depiession 
of the response to the second stimulus in a twin-stimulus experimental legimen) 
b) A bloekrrrg mteractron (in the experiments with conditioning-testing stimulus 
jjrotoeol) among sensoiy channels The mentioned inhibition (complete or partial) 
can last foi hundreds of ms The depression of the i espouse to the second stimulus 
occurs at the thalamic lelay station as well as at the coitical level (Wernei and 
"Whitsel 1973) An inhibition of responses íapidly develops m the reticular forma 
tion (Pavlasek and Petrovieky 1994) and unspecific thalamus (Albe Fessard and 
Besson 1973) when the repetition rate of the stimuli applied to the same peripheral 
region rs hrgher than 3 Hz 

Drrect repetitive stimulation of the reticulai formation can be considered as 
a barrage of disturbing signals bypassing the inputs piotectmg mechanisms and 
abolishing spontaneous oscillatory activity m the unspecific sube ortical structures 
As obseived m coitical neuions, such stimulation caused disappeaiance of the pha­
sic discharges which were replaced by the whole íange of activation pat terns rarelv 
íeachmg the filing level (Skrebrtsky et al 1980 Sterrade et al 1980) 
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There aie mtiacoitical mechanrsms which might playr an important lole in 
estabhshmg local rreural synchronization A biophy sically distinct subset of cortical 
neuions termed chattering" cells has been íeported (Giay and McCoimiek 1996) 
In i espouse to sensory stimulus they mtirnsically generate 20 to 70 Hz repetitive 
burst filing and thus pait icipate m the recruitment of large populatrons of cells 
into synchronously fiimg assemblies Neuioids of this type have not been included 
m the piesent model 

There aie experimental observations on spht-biam (Engel et al 1991) and 
stiabisnnc kittens (Lowel and Smgei 1992) indicating a coitico-coitieal mechanism 
of synchiomzatioii Simulation studies demonstrate that mtiacoit ical mechanisms 
might generate coherent oscillations ovei laige distances without phase lag despite 
vanable conduction delays m the svnchiom/mg mtiacoitical connections (Komg 
and Schillerr 1991 Traub et al 1996) Aceoidmg to these íesults svirchionr/atrorr 
with zero phase-lag can be achieved without common input 

Othei authois tend to suppose that the interaieal synchrony is not attained 
within coitical cneuits (c oitico-c critical connections) such an opniron is suppoited 
bv the fact that a deep cut through the eoitex does not extinguish coherent oscil­
lations lecoided with coitical electrodes placed orr the opposrte srtes of the lesion 
(Livanov 1989 Conticras et al 1996) Tianssection of subeoitico-c oitic al affeieiits 
abolishes coheient oscillations in the involved coitical legion (Livanov 1989) this 
íesult points to the c incial íole of subc ortical stiuc t ines in generating synchronize d 
activity of coitical cells Moreover, results of theoretrcal works suppoit the view 
that long-distance synchiomzatioii with zeio phase-lag is indicative of common 
input (Gcistem and Per kel 1972) 

There foi e the oscillatoiy activity m unspecific subeoitieal center (s) (biamstem 
letreular formation and thalamus) seems to be a proper candidate foi setting up 
coheient centre al oscillations The generation stabilization selection and focusing 
of synchronous thalamo-coitical oscillations depend on feedback piojec tions from 
coitical regions to nearly all thalamic nuclei and on mechanism erf lateral inhibition 
(Contieias et al 1996, Kial and Majernrk 1996) Supposing subthreshold excitatoiy 
influence of unspecific thalamic cells on coitical neuions such a stream of activity 
could be instrumental for putt ing together all neuronal gioups (feature extiactors) 
simultaneously lespondmg to specific afterentation 

The suggested mechanism has the following chaiac tenstics a) It enables rapid 
establishing of tiansitoiy (Freeman 1988 Giav et al 1992) functional iclation-
slnps between cell gioups lacking direct recrpiocal connections b) Its substantial 
a t t n b u t e is a c ombmatoiial flexibility c) It can i effect the feature constellations of 
the stimulus d) The topographic piojections or preservation of metrre piopoition-
ahty is not an nnpeiative condition 
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Just guest ions 

The rhythms m the brarn and csjxcrallv coheient oscillations as a tempoial code 
could uncle ihe fundamental biam functions connected with information pioeessmg 
and consciousness The following ideas aie hotly debated (Click 1984 Giay et al 
1989 Click and Koch 1990 Singer et al 1990 Smgei 1993 Schillen and Komg 
1994) binding mechanisms global stimulus perception selection of functionally 
coheient neuional ensembles long tenn modifications of synaptic efficacy and le 
ordeimg of functional connectivity s t iuc tmmg and timing of the activity flow 
yyoikmg memoiy non local infor matron storage m the anatomical space the basis 
foi dynamic piocesses m nonlmeai systems visual awaieness 

The piesented speculative hypothesis suggests a specific íole foi unspecific 
systems m the mechanisms enabling diffcient groujis of ose lllatmg neuions to fall 
into step aeioss laige distances 

All of these concepts plausible though they may be must be legaidcd as 
speculative until suppoited bv much stronger rremophvsiological experimental c y 
ide ne e arrd assessed at the beliavioial level The reduced but not ovei simplified 
neiual network models could have a majoi impact on them thereby pioviclm^ a 
logical framework and suggesting solutions 
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