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INTRODUCTION 

 
The diencephalon 

The mammalian diencephalon is built up of three major parts: the epithalamus, the 

thalamus and the hypothalamus. The thalamus and the cortex are highly interconnected, and 

this is called the thalamocortical system. This system is critical for all higher order brain 

functions.  

According to the classical views, the thalamus is the most prominent subcortical 

structure that relays and transmits information to the cortex. The thalamus is responsible for 

filtering out the inessential and keeping the essential pieces of information that arrive from the 

environment through our senses. All sensory and motor information except for the olfactory 

information  passes through the thalamus.  

 

The properties of thalamocortical relay cells 

 

 The main cell type in the thalamus is the glutamatergic relay cell, which is also called 

the thalamocortical cell. The relay cell’s dendrites are radial, have no local collaterals, and 

their axons project to the cortex. 

 Thalamocortical relay cells can operate in two distinct mode, in burst and tonic modes. 

During sleep and anaesthesia the cells switch to burst mode, whereas during awake state tonic 

mode occurs. The thalamus can integrate or gate the information transfer due to the special 

function of the T-channels. 

 

The first and higher order thalamus 

 

 In the nineties it was found that there are other types of thalamic areas that have other 

functions than that of the relaying and transmitting of information to the cortex. They rather 

have a role in higher cognitive function. These thalamic areas can connect different cortical 

regions and can transmit information from one cortical area to the other. In this way some 

pieces of information can be transmitted from cortex to the thalamus even several times and 

again back to the cortex, helping the information transfer and the information processing. 

 The information coming form the periphery is the main input to the thalamus, which is 

mostly responsible for governing the activity of cells within the nuclei, hence these are called 
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controlling, regulatory or driver inputs. In addition, there are inputs that are capable of 

modifying  the function of the relay cells called modulatory inputs. On the basis of the driver 

inputs we can distinguish first order and higher order relays. First order thalamic relays 

receive their driver input from the periphery, whereas higher order thalamic relays receive 

their driver inputs from the cortical layer V. 

 It has not yet been proven that there was a difference between the morphology of the 

first order and higher order relays. However, recent data about the different 

electrophysiological properties of the first order and higher order relays points out a difference 

in the firing characteristics of first order and higher order thalamic relay cells. It is not known 

whether these differences in the electrophysiological characteristics occur under  iv vivo 

conditions. 

 

Reticular inhibition 

 

In the classical point of view, the reticular thalamic nucleus (nRT) and the local 

interneurons are the main source of GABAergic inhibition. In the thalamus of rodents, 

interneurons are quite scarce, only the primary visual thalamic nucleus dLGN contains a few 

local interneurons.  

 

The properties of nRT cells 

 

nRT cells have a relatively large, oval shaped and relatively long soma, their dendrites 

arising from the soma form a disc-shaped dendritic arbour and are localize to a relatively thin 

layer. nRT cell axons are quite thin. The interconnection of nuclei is arguable, however, the 

existence of gap junctions was shown in the nRT. nRT axons innervate the dorsal thalamic 

nucleus according to the sector of the presynaptic nRT cell, but with their axon collaterals 

they can reach other nuclei as well. 

nRT cells can also be characterized with the same activity patterns as their 

thalamocortical counterparts: burst mode during slow wave sleep and tonic mode during 

awake states or under REM sleep. Nevertheless, nRT cells show major differences in the 

structure and duration of their burst in contrast to those of the thalamocortical relay cells. 
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Thalamocortical oscillations 

 

The reciprocal connection between the cortex and the thalamus is responsible for a 

large number of thalamocortical oscillations. The awake or sleep state of humans or animals 

determines which type of information can pass through the thalamocortical system. 

Cortical electroencephalogramme (EEG) depends mainly on the functioning of the 

thalamocortical loop. The state of the thalamocortical system determines which oscillation 

takes part in generating EEG. During sleep, slow oscillations dominate in the delta range (1 

Hz -4 Hz) and in the range below 1 Hz. In drowsiness spindles are dominant (7 Hz-14 Hz) and 

the occurrence of the 5-9 Hz oscillations is also frequent. In awake state alpha oscillations (8 

Hz -12 Hz) and beta waves are the main components of the thalamocortical oscillations. 

In sleep, in anaesthesia and in rest the cortical network shows slow oscillations. Delta 

activity consists of repeating cycles of active phases, which arise from the summation of the 

cortical EPSPs and action potentials (Up state) showing as depolarization, and the following 

input diminution and hyperpolarization caused by the absence of the firing of cortical cells 

(Down state). 

Spindle activity is a 7-14 Hz, 1-3 second long cortical activity occurring in every 3-10 

seconds. It has a so-called waxing and waning structure, which is more prominent in 

drowsiness. In spindle generation nRT acts as the oscillator.  

.  Five-9 Hz oscillations have similar frequency band, but have a different origin than the 

spindle oscillations. For 7-14 Hz oscillations the nRT, whereas for 5-9 Hz oscillations the  

cortex is the major structure of origin. 

 

Extrareticular inhibition 

 

It was shown by our group with anterograde tracing experiments that higher order 

thalamocortical relays receive a selective inhibition coming from other sources than the 

thalamus. Because the source of the inhibition is not the GABAergic nRT, but comes from the 

regions outside of the nRT, this inhibitory system was called extrareticular inhibitory system. 

The extrareticular inhibitory nuclei described so far are the zona incerta, the anterior 

pretectum and the globus pallidus and the sustantia nigra pars reticulata. 
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Zona incerta 

 

ZI is part of the diencephalon and the ventral thalamus. ZI is divided into rostral, 

dorsal, ventral and caudal parts on the basis of its citoarchitecture, whereas in the functional 

point of view we can distinguish visual, auditory, motor and limbic sectors. Cell types of ZI 

can be distinguished by their citochemical markers. The electrophysiological properties of the 

cells are not known. 

 ZI has a rich network of connections, receiving inputs from the cortex, the basal 

ganglia and the cerebellum. There is a reciprocal connection with the APT, the colliculus 

superior, the brainstem and the spinal cord. Its major projections are the higher order thalamus 

and the pontine nuclei. Some authors have described projections of ZI to cortical layer I, 

however, this issue is still open for discussion. 

 

The incerto-thalamic pathway – Selective inhibition of the higher order thalamus I. 

 

It was proven by our laboratory that the incerto-thalamic pathway is GABAergic. ZI 

axons contact higher order relay cells with giant axon terminals. The giant GABAergic axon 

terminals innervate the proximal dendrites of the relay cells. The inhibitory pathway arriving 

from the ZI can induce strong inhibition on the relay cells of posterior nucleus of the thalamus 

(Po). The lesion of ZI caused the Po cells to fire with higher frequency and to respond to 

whisker stimulation with shorter latency than that under control conditions. This serves as an 

indirect evidence that Po cells are strongly depressed under normal conditions, and this 

depressed state is caused by the extrareticular inhibitory system. However, the firing 

properties of the ZI cells under in vivo conditions are not known, and the relationship of the ZI 

cell’s firing to the cortical activity would also require further experiments. The morphology of 

ZI cells is also to be clarified. 
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Anterior pretectum 

 

 The other source of extrareticular inhibition for the higher order thalamic nuclei is the 

anterior pretectum (APT). The APT is the part of the caudal diencephalon, it is a crossroad of 

a numerous afferent and efferent pathways. First it was suspected to have a role in 

somatosensory function, behaviour aversion and nociception. 

Not too much is known about the cells in APT. There is strong PV staining in the 

nucleus, suggesting colocalization with GABA, meaning the putative inhibitory feature of 

APT cells. The electrophysiological properties of the cells in APT are to be clarified. 

 

The pretecto-thalamic pathway – Selective inhibition of the higher order thalamus II. 

 

 In anterograde tracing studies our group proved that APT – similarly to ZI – projects 

selectively to the higher order thalamus. The ultrastructure of the ZI-thalamic axon terminal 

greatly resembled that of the morphology of the APT-thalamic terminal. Comparing the 

ultrastructure of the nRT terminals and the giant ZI and APT terminals, both terminals are 

GABAergic, however, there is a major difference in the size of the terminals and there is a 

difference in the number of puncta adherentia (PA) and in their glial ensheathments. 

 On the basis of the morphological data, the APT-thalamic terminal – similarly to the 

ZI-thalamic terminal – can mediate a very strong inhibition selectively to the higher order 

thalamic nuclei. In the in vitro slice preparation using 50 Hz stimulation the APT-thalamic 

terminals could faithfully transmit the information in contrast to the nRT-thalamic terminals. 

This provides evidence that APT-thalamic terminals can maintain efficient inhibition even if 

the input arrives with high frequency. The question arises whether APT cells can fire similarly 

high frequency burst under in vivo conditions. No data has been presented on in vivo firing 

properties and phase relationship to cortical activity of APT neurons. 
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AIMS 

 

On the basis of their driver input we can divide the thalamus into two functionally 

distinct groups. However, not many data is available about the differences in the 

electrophysiological properties of first order and higher order thalamocortical nuclei. 

Beside their difference in the excitatory network properties, there is a major difference 

considering the inhibitory systems of higher order and first order thalamic nuclei. The sensory 

areas receive their extrareticular inhibitory input from the ZI and the APT. The 

electrophysiological properties of the ZI and APT cells were not known, the firing 

characteristics of the cell types of the nuclei and the phase relationship of the firing and the 

cortical activity also requires further experiments. Thus, it is not known whether it is possible 

to influence the cortical activity through the thalamocortical system by stimulating the 

extrareticular inhibitory system. 

  

In our study we answered the following questions: 

1) In in vivo single cell recording experiments we examined the firing properties of first order 

and higher order thalamic relays in anaesthetised rats. 

2) We examined the phase relationship of the firing of the first order and higher order relays 

to the cortical slow oscillations and the cortical beta oscillations. 

3) We examined the firing properties of the ZI and APT cells in in vivo electrophysiological 

experiments, and we examined the phase relationship to the cortical slow waves of the LFP. 

4) By applying chemical stimulation on the extrareticular pathway, we examined its putative 

strong inhibitory effect onto the higher order thalamic relays and onto their phase relationship 

to cortical slow waves. 
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METHODS 

 

In vivo electrophysiology 

 

All experimental procedures were carried out on male, adult Whistar rats in urethane, 

ketamine/xylazine or neuroleptanalgesia. LFP was recorded by surface macroelectrodes or by 

deep monopolar electrodes or by deep bipolar electrodes from the S1 cortex. In the case of 

deep electrodes we recorded multiunit activity (MUA) as well. For a reference electrode we 

used a screw electrode above the cerebellum. The recorded signal was amplified (1000 times), 

filtered (0.1 Hz- 5 kHz) and digitized at 16.6 kHz. MUA was detected between 800 Hz and 5 

kHz if it reached 3.5 SD. We recorded MUA from the APT with a 24-channel electrode, 

which was capable of drog administration, also. The TC, ZI and APT cells were recorded by 

glass pipettes filled with neurobiotin solution. The electrodes were moved by piezoelectronic 

micro drives to the deep brain regions. The action potentials were amplified (100 times), 

filtered (0.1 Hz – 5 kHz or 100 Hz – 5 kHz) and digitized at 16.66 kHz. The recorded neurons 

were labelled by the juxtacellular labelling technique.  

 

Data analysis 

 

During data analysis we examined the firing properties such as the firing frequency, 

the frequency of bursts and the burstiness (the proportion of action potencials involved in 

burst genesis relative to the all action potentials). We determined burst properties, such as 

intraburst frequency, intraburst spike number and burst length. In ZI experiments 

autocorrelations, crosscorrelations and wavelet analysis were used, in the case of APT for 

analysis we also used autocorrelations and crosscorrelations. 

 

Phase analysis 

 

Phases of action potentials relative to slow oscillation cycles (<4 Hz) in the LFP were 

determined by the angle of the analytic signal (derived from Hilbert-transformation of the 

LFP) at the location of spikes. LFP was preprocessed using a lowpass zerophase filter with a 

cutoff frequency of 5 Hz. Slow wave cycles shorter than 250 ms as well as cycles with LFP 

amplitude lower than mean LFP + 2 SD were discarded from the analysis. Phase angles were 

taken at the location of first spikes of bursts along with single spikes, where bursts were 
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considered as single events. Phase histogram, mean angle and mean vector length were 

calculated by the means of circular statistics methods for each recording. Mean phase 

histograms were calculated by pooling 100 element samples from the individual distributions. 

Phases of action potentials relative to beta oscillation cycles (10Hz - 20 Hz) were determined 

in similar way. 

 

Histology 

 

Following perfusion 50 µm thick sections were made by Vibrotome. vGlut2 

immunostaining and DABNi staining were used. In the case of juxtacellularly labeled cells, 

we used double immunostaining against neurobiotin and PV. Neurobiotin was developed by 

DABNi as a chromogen. Following osmium treatment and dehidration sections were 

embedded in Durcupan for further light- and electronmicroscopic analysis. 

 

3D reconstruction of the recorded cells 

 

Camera lucida and the Neurolucida 5.2 software were used to reconstruct the dendritic 

tree of the labeled cells. For the analysis of the dendritic arbour, we applied shrinkage 

correction. We determined the dendrograms, the length of total dendritic tree and the length of 

each dendritic segment. 

 



 10

RESULTS 

 
Characteristics of firing properties of first order and higher order relays 
 

In our experiments we performed in vivo single cell recording and labelling in the first 

order somatosensory ventrobasal complex (VB): the ventral posteriomedial nucleus (VPM) 

and in the ventral posteriolateral nucleus (VPL), the higher order somatosensory thalamic 

nucleus, the posterior thalamic nucleus (Po) and in the PoVPM borderline. Altogether we 

recorded three groups of relay cells, we recorded from 14 Po, 17 VB and 8 PoVPM cells. 

 

Firing properties of Po, VB and PoVPM cells 

 

Under ketamine/xylasine anaesthesia every relay cell fired in burst mode; however, 

occasionally single action potentials appeared between burst periods. Our results showed that 

VB (mean: 423.16 Hz) and PoVPM cells (418.72 Hz) fired at significantly higher intraburst 

frequency than Po cells (341.68 Hz). The intraburst spike number was also significantly 

higher in the case of VB (3.69) and PoVPM (3.77) cells than in Po cells (2.67). Surprisingly, 

PoVPM cells’ firing frequency (6.24 Hz) and burst frequency (1.49 Hz) was significantly 

different from that of the Po cells (firing frequency: 3.88 Hz and burst frequency: 1.44 Hz). In 

the ISI dynamics, there were no significant differencies among the three groups of cells. We 

conclude that Po and VB cells differ in their burst properties (defined mostly by the intrinsic 

properties of the cells). PoVPM cell’s burst characteristics are similar to first order relays. 

 
Phase characteristics of Po, VB and PoVPM cells relative to cortical slow oscillations 
 

 Based on the average phase histograms we can state that the preferred phase was 

13.074° for VB cells and -35.71° for Po cells. Our results showed that Po cells with higher 

intraburst spike number prefer the rising phase of the Up states, whereas VB cells mostly fire 

around the peak of the Up states. The phase preference of PoVPM cells (-44.67°) was similar 

to that of the Po cells, but their phase consistency was somewhat smaller on the population 

level. 
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The relationship of the intraburst spike number and the phase characterstics  

 

 Our results show that in the case of the Po cells the higher number of action potentials 

per burst, the earlier the burst occurs when compared with the phase of the Up states. This 

means an average of -18.08° phaseshift in the case of 3 spikes per /burst vs. the 2 spikes/burst, 

-8.27° in the case of 4 spikes/burst vs. 3 spikes/burst; -5.23° in the case of 5 vs. 4 spikes/burst. 

The respective values for VB were: -3.28°; -2.24°;-10.78°. Bursts with 6 spikes fire 8.85° 

before the burst with 5 spikes, whereas 7 spikes/burst fire 29.49° before 6 spikes/burst. The 

respective values in the case of the PoVPM cells were:  -19.92°, -22.27°, -14.21°. According 

to our data we can state that Po and PoVPM cells fire at the more early, rising phase of the Up 

states with the increasing intraburst spike number, while VB cell phase characteristics do not 

show significant change in correlation to the intraburst spike number. 

 

Phase characteristics of Po, VB and PoVPM cells relative to the cortical beta activity 

 

 Our results showed that there was no significant difference in the phase correlation of 

Po, VB or PoVPM cells to the cortical beta activity. 

 

Firing pattern of ZI cells under urethane anesthesia 
 

The firing rate of ZI cells varied widely for different neurons between 0.08 Hz and 

41.67 Hz (mean 10.58 ± 11.07 Hz). During desynchronized epochs (Stage 1) the cells fired 

single spikes in a tonic or irregular manner. During desynchronized epochs the discharge 

activity demonstrated no apparent relationship to the cortical LFP, or cortical multiunit 

activity (MUA) as evidenced by the flat spike triggered LFP averages and cross correlograms. 

Twenty ZI neurons were examined under synchronized LFP states. With the emergence of 

slow waves the tonic firing was replaced by rhythmic single spikes or clusters of spikes, 

which coincided with the slow cortical LFP waves in the majority of ZI neurons, which 

showed strong phase correlation to the cortical slow oscillations. The firing frequency of the 

action potentials never reached 50 Hz. Firing frequency decreased slightly relative to 

desynchronized oscillation (3.88 Hz ± 2.79 Hz vs. 6.33 ± 4.79 Hz). The central peak in the 

MUA-ZI unit crosscorrelogram suggests a strong synchrony between cortical slow waves and 

ZI. Four of the 20 ZI neurons recorded during slow cortical oscillations did not change their 

tonic firing pattern with the occurrence of slow waves, these cells remain tonic during cortical 
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slow oscillations. The firing frequency of tonic cells was significantly higher during the fast 

oscillation-dominated LFP states (19.8 ± 8.81 Hz) than that of the rhythmic cells (6.33 ± 4.79) 

( p <0.0001, two-sample t test), and they reacted with a smaller decrease in the firing rate with 

the emergence of slow waves in the LFP (16.9%) than rhythmic cells (75.8%). Cells in 

different ZI sectors did not show significant differencies. 

 

Comparison of ZI and TC firing properties 

 

Thalamocortical (TC) cells exhibited tonic firing under fast oscillation-dominated LFP 

states with no apparent relationship to cortical activity. The firing frequency during these 

states in different cells varied between 4.29 and 16.72 Hz (mean ± SD, 11.51± 4.92 Hz). 

When slow waves appeared, TC cells switched to burst firing mode. TC cells were moderately 

synchronized to the LFP activity. To define the degree of synchrony we used two indexes: 

STA index and MUA index. We count the STA index in the function of MUA index. The four 

tonic ZI cells (20% of the ZI cells in this analysis) had the lowest synchrony values. Eleven of 

the 16 modulated ZI cells (55% of the cells) had synchrony values comparable to TC cells, 

whereas the remaining five modulated ZI neurons (25% of all cells) far exceeded those of the 

TC neurons. 

 These data demonstrate that in these conditions, the activity of a large proportion of ZI 

cells are similarly or better synchronized to cortical slow oscillation than TC cells. 

 

Firing pattern of ZI cells under neuroleptanalgesia 
 

Five to 9Hz activity has a relatively short duration (0.5 – 2 s) and displays less 

synchrony across distant cortical areas than cortical slow oscillations, thus the former can be 

regarded as a “weaker” rhythmic cortical signal. In summary, cortical 5–9 Hz oscillations 

exerted robust influence on the recorded ZI neurons: frequency changes and 5–9 Hz 

modulation of the firing was observed in the majority of cells, whereas phase-locked clustered 

firing was found only in the minority of the cases. 
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Morphological properties of ZI cells  

 

The ZI cells could be characterized by fusiform or oval cell bodies and 3 to 5 thick 

primary dendrites. Most of the dendrites were sparcely spiny. The spines were characterized 

by relatively long thin necks and bulbous heads. The total dendritic length of 9 ZI cells were 

between 4800 and 7200 µm. Two vZI and one cZI cells, however, had a dendritic length of 

only 2640, 2888 and 2707 µm, despite being well labeled. A common characteristic of ZI 

cells was the few branch points along the dendrites. A total of 41.3% of the primary dendrites 

had two or less nodes along its entire length. Dendritic segments between the branch points 

were frequently several hundred micrometers long (range, 1.3 - 1075.3 µm; mean, 95.76 µm). 

The contribution of dendritic segments longer than 200 µm to the entire dendritic length was 

71.9%. For comparison, the same value of a three-dimensional reconstructed relay cell located 

in the VPM was 5.1%. The average length and the range of the length of the first-, second-, 

third-, and fourth-order dendritic segments were 134.5 µm (2.3 - 768.1 µm), 186.1 µm (1.3 - 

1075.3 µm), 145.3 µm (1.9 - 642.8 µm), and 119 µm (2.8 - 957.1 µm). This indicates that long 

dendritic segments can occur in the first-, second-, third-, and fourth-order positions of the 

dendritic tree. The dendrites of ZI neurons had extensive mediolateral extent. The mean 

dendritic span measured along the longest axis was 960.4 µm (range, 523.3 - 1318.2 µm). 

Examination of the dendritic arbors in three dimensions revealed a polarized organization of 

the dendritic tree. Several ZI neurons restricted the majority of their dendrites within a 200 to 

300 µm thick lamella. The average ratio of the dendritic span measured along the longest 

versus shortest axis perpendicular to it was 4.0 (range, 1.9 - 7.3).  

 

Firing properties of APT neurons 

 

Based on neuronal firing patterns, recorded neurons in the APT could be classified 

into three distinct populations. Fast bursting neurons (n = 6) were characterized by high-

frequency discharges of 4 to 16 action potentials during the slow oscillation, mixed with 

irregular single spikes (baseline firing: 9–26 Hz). All neurons reached intraburst frequencies 

higher than 350 Hz (up to 600 Hz). The activity of most of these neurons (5 out of 6) 

displayed a moderate correlation with the cortical LFP, as demonstrated by the spike-triggered 

averages. Spontaneous or tail pinch-induced LFP desynchronization decreased bursting 

activity, and the correlation with the cortical activity was also abolished. Tonic cells (n = 8) 

displayed monotonous or irregular single-spike activity during the slow oscillation (baseline 
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firing 7–21 Hz). Very rarely, tonic cells fired spike doublets, but they never displayed high-

frequency bursts, which characterizes fast cells. The activity of tonic cells had no noticeable 

correlation with the simultaneously recorded slow cortical oscillation, as shown by their flat 

spike-triggered LFP averages. Cortical activation induced a slight (about 10%) increase of the 

firing frequency without changing the firing mode. Slow rhythmic cells (n = 9) were 

characterized by a prominent slow (0.7–8 Hz) rhythmic activity, consisting of single spikes, 

doublets, or bursts. Firing of all slow rhythmic cells was intimately related to the ongoing 

cortical slow oscillation, and all action potentials were locked to the Up states of the LFP. 

Slow rhythmic cells rarely fired during cortical down states, unlike fast bursting or tonic cells. 

The intraburst frequency of slow rhythmic cells rarely exceeded 150 Hz (max 290 Hz), which 

is much slower than the bursts of fast bursting cells. LFP desynchronization changed the 

rhythmic activity into irregular single spiking. In six of these neurons, the firing ceased for 

some seconds following tail pinch or decreased to 0.1–3 Hz. Three slow rhythmic neurons 

responded to the cortical activation with elevated 8–16 Hz tonic firing. All neurons regained 

their slow rhythmic firing pattern when the cortical slow oscillation reappeared. 

 

Morphological properties of APT cells 

 

All three neuron types had fusiform or irregularly shaped soma with four to five 

primary dendrites and a dense local axon arbor network. The dendrites of fast bursting 

neurons had nearly twice as many branchpoints compared to slow rhythmic or tonic cells. In 

addition, the distal dendrites of fast bursting cells were covered by peculiar, filopodial, spine-

like structures, which were found to be contacted by vesicle-filled terminals at the electron 

microscopic level. The dendrites of tonic and slow rhythmic cells were only sparsely spiny. 

As the APT is rich in PV-immunoreactive neurons, we tested whether any difference in the 

parvalbumin content of the physiologically different cell populations could be observed. PV 

immunoreactivity was successfully performed in a subset of unequivocally identified cells. 

All fast bursting cells (n = 3) were strongly parvalbumin positive, whereas rhythmic cells 

were parvalbumin negative. Tonic cells (n = 5) consistently displayed weak immunoreactivity 

for parvalbumin. These data demonstrate that neuronal cell classes established by 

physiological criteria correlate with distinct morphological characteristics. The ascending 

axon collaterals of two fast bursting cells could be followed to the thalamus. The 

identification of these cells provides the morphological basis for the monosynaptic inhibitory 

connection between the APT and the thalamus. 
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Chemical stimulation of the pretecto-thalamic pathway in vivo  

 

Chemical stimulation of the pretecto-thalamic pathway resulted in a non-expected 

result. Not all PO cells showed changes in their phase properties relative to cortical slow 

oscillations (from 7 Po cells 3 showed phase shift, whereas 4 did not show any significant 

change relative to control condition), and some VB cells also showed change in their phase 

properties (from 6 VB cells 2 showed phase shift similar to Po cells, whereas 4 cells did not 

show any response). 
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DISCUSSION 

 
 
 In my thesis I proved in the example of somatosensory system that first order and 

higher order thalamic relays differ in their firing characteristics and their phase properties to 

slow oscillations. From the three cell types we distinguished in the APT, the group of fast 

bursting cells was capable of transmitting a very strong inhibition to the higher order target 

cells. From the two groups of ZI cells, the majority of the modulated ones showed as high or 

even higher synchrony to the cortical slow wave oscillations as relay cells. One possible 

explanation can be the organisation of the dendritic tree of the ZI neurons, which allow the ZI 

cells the higher sycnhrony to the cortical oscillations relative to TC cells. Chemical 

stimulation of the APT changed the firing and phase properties of higher order relay cells. 

 The difference in the phase properties between these two types of thalamic nuclei 

might partly arise from the difference in their excitatory network properties (layer V input), or 

partly from the extrareticular inhibition arriving selectively onto higher order nuclei.. The 

neocortex has to deal with these two types of information coming from the two different 

thalamocortical systems. 
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