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Abstract

Intracellular recordings from thalamocortical (TC) neurons in the ventrolateral (VL) nucleus as well as paired intracellular recordings from
TC-VL neurons and area 4 cortical neurons under ketamine-xylazine anesthesia were performed to study changes in hyperpolarization-rebound
sequences evoked by successive stimuli to the dorsal thalamus at different frequencies and the impact of these changes at the cortical level.
The cellular mechanisms of such changes in synaptic networks connecting TC with cortical neurons are relevant for short-term plasticity
during low-frequency oscillatory activities. The progressive decrease in hyperpolarization of TC cells in response to single thalamic stimulus
above a certain frequency (generally >1 Hz) and to pulse-trains at 10 Hz was mainly due to synaptic factors and not to mechanisms intrinsic
to TC cells, as revealed by comparing responses evoked by synaptic volleys to those elicited by hyperpolarizing current pulses mimicking
the synaptically evoked hyperpolarization-rebound sequence. The decreased hyperpolarization to repetitive synaptic volleys, leading to a
decreased number of action potentials in the post-inhibitory spike-burst, had an impact on cortical activities, being matched by a decreased
rebound depolarization of cortical cell during repetitive augmenting responses. The alterations in hyperpolarization-rebound sequences
upon repetitive stimulation, probably resulting from the decreased efficacy of connections between thalamic reticular (RE) neurons to TC
connections, results in the dampening of activities sustaining normal, and possibly paroxysmal, oscillations in the TC network. Our results
suggest that this phenomenon should be taken into account when analyzing complex activities, such as physiological and pathological
oscillations. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

During the last 20 years, we witnessed much advancement
in the understanding of the connectivity and physiological
activities of thalamocortical (TC) networks. The synaptic
and intrinsic neuronal operations that give rise to thalam-
ically generated rhythmic activities, such as spindle and
clock-like delta oscillations, have been worked out (reviewed
in Steriade et al., 1993, 1997). Studies on the temporal dy-
namics of interactions between thalamus and neocortex have
disclosed the neuronal basis of some physiological phenom-
ena and have demonstrated that some sleep rhythms are not
epiphenomena, with little functional significance, but that
they may exert significant effects on target neurons that lead
to short-term plasticity. This is the case of sleep spindles
and their experimental model, augmenting (or incremen-
tal) responses, which are progressively growing potentials
mimicking the initial waxing pattern of spindles. Augment-
ing responses have been described long ago (Morison and
Dempsey, 1943), were found in various motor and sensory
systems (Purpura et al., 1964; Morin and Steriade, 1981;
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Ferster and Lindstrbm', 1985), and their cellular bases were
investigated intracellularly, in vivo, in vitro and in computo
(Castro-Alamancos and Connors, 1996a,b; Steriade and
Timofeev, 1997; Timofeev and Steriade, 1998; Bazhenov
et al., 1998a,b). Progressively decreased amplitudes of hy-
perpolarizations in TC cells are elicited by repeated thala-
mic stimulation in decorticated cats (Steriade and Timofeev,
1997). In the intact brain, cortical augmenting responses
to rhythmic thalamic volleys within the frequency range of
spindles largely depend on neuronal properties of TC neu-
rons. Indeed, the secondary depolarization in neocortical
neurons, which characterizes cortical augmenting responses,
follows by ~3 ms the low-threshold spike-bursts that are
de-inactivated by membrane hyperpolarization in TC neu-
rons during repetitive thalamic stimulation (Steriade et al.,
1998). However, following augmenting responses to thala-
mic stimuli, intracortical networks generate self-sustained
oscillations through their own mechanisms, since TC neu-
rons remain under a steady hyperpolarizing pressure im-
posed by thalamic GABAergic reticular (RE) neurons and
fire no spike-bursts (see Fig. 7 in Steriade et al., 1998).

TC neurons are a good substrate for plasticity pro-
cesses, because of the presence in these cells of different
intrinsic and synaptic mechanisms that can underlie these
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phenomena. One of them is the low-threshold, transient
Ca2+ current (Jahnsen and Llinas, 1984a,b) that allows
the transfer to cortex of spindles and other synaptically
generated thalamic oscillations that impact on neocortical
networks. The hyperpolarization-activated depolarizing sag
is a mixed cationic current, /H (McCormick and Pape, 1990;
Leresche et al., 1991; Soltesz et al., 1991) that has been
shown to play a role in the termination of spindles occurring
in slices (Bal and McCormick, 1996; Liithi and McCormick,
1998a,b), in addition to the role played by the depolarizing
action of corticothalamic neurons toward the end of spin-
dles, thus succeeding in desynchronizing thalamic networks
(Timofeev et al., 2001). Synaptic plasticity has been shown
to occur in the circuit between perigeniculate RE and lateral
geniculate TC cells, as the amplitude of hyperpolarizing po-
tentials evoked in TC cells by RE cells' spike-bursts dimin-
ishes between the first and subsequent bursts at frequencies
above 1 Hz (Kim and McCormick, 1998).

Activity in the thalamus and the cortex cannot be fully
understood without considering them as a unified network
(Steriade, 2001). This is exemplified by the role of the TC
cells' rebound bursts in priming the cortical post-inhibitory
rebound (Grenier et al., 1998) and by the role played by
TC spike-bursts in cortical augmenting responses (Steriade
et al., 1998). It is to be expected then that plasticity processes
occurring in the thalamus should be reflected in, and have
an impact on, neocortical activities.

In this paper, we demonstrate the presence of plasticity
in responses of TC neurons to single and 10 Hz pulse-trains
repeated at varying frequencies. We investigated the synap-
tic versus intrinsic nature of this phenomenon and the con-
sequences of these changes in the activity of TC cells on
responses evoked in related cortical areas. As a result, we
demonstrate a link between a plasticity process occurring in
the thalamus and its impact on neocortex.

Intracellular recordings of cortical neurons were per-
formed from motor area 4. For intracellular recordings from
the ventrolateral (VL) thalamic nucleus, the cortical surface
corresponding to the anterior part of marginal and supra-
sylvian gyri was removed by suction to reveal the head of
the caudate nucleus. Micropipettes were lowered through
the head of the caudate nucleus to reach the VL nucleus.
Intracellular recordings were performed with glass mi-
cropipettes filled with 3 M potassium acetate (KAc) and dc
resistances between 35 and 8OMS2. The pipettes for intra-
cellular recording in the cortex were placed less than 1 mm
away from the EEG electrode. A high-impedance ampli-
fier (bandpass of 0-5 kHz) with active bridge circuitry was
used to record and inject current into the cells. The signals
were recorded on an eight-channel tape with a bandpass
of 0-9 Hz, later digitized at 20 kHz for off-line analysis.
Recordings of field potentials were made with coaxial elec-
trodes, with exposed areas of 0.1 mm separated by 1.0 mm.
They were inserted in the lateral part of the precruciate
gyrus area 4 for cortical recordings and stereotaxically in
the VL nucleus for thalamic recordings. These electrodes
were also used for stimulation. At the end of experiments,
the animals were given a lethal dose of pentobarbital.

3. Results

3.1. Database of recorded neurons

Intracellular recordings were made from 78 TC cells and
52 cortical cells. These recordings include 21 TC-cortical
cell couples. Usual criteria for identification of TC cells have
been described elsewhere (see Steriade et al., 1998).

3.2. Decrease in the evoked hyperpolarizations to single
thalamic stimulus

2. Methods

Experiments were conducted on 24 adult cats under
ketamine-xylazine anesthesia (10-15 and 2-3mg/kg i.m.,
respectively). The depth of anesthesia was continuously
monitored by EEG. Additional doses of anesthetics were
given at the slightest signs of activation (EEG waves with
lower amplitudes and higher frequencies). After the typical
signs of deep anesthesia appeared on the EEG, the animals
were paralyzed with gallamine triethiodide, artificially ven-
tilated and the end-tidal CO2 was maintained at 3.5-3.7%.
Heart rate was recorded (acceptable range was 90-110 beats
per min) and body temperature was maintained at 37-39 °C.
As the animals were fixed in a stereotaxic apparatus, all
pressure points were infiltrated generously with lidocaine.
The stability of intracellular recordings was improved by
bilateral pneumothorax, draining the cisterna magna, sus-
pending the hip and filling the hole made for recording with
a solution of agar (4%).

Single thalamic stimulation elicited in TC cells a se-
quence of events, occasionally initiated by an antidromic
spike, consisting of an EPSP and a biphasic hyperpolariza-
tion, presumably GABAA-B IPSPS (Steriade and Timofeev,
1997; see present Figs. 1, 2 and 4). The hyperpolarizations
were strong enough to evoke low-threshold rebound bursts
when the period between stimuli was long enough. These
responses were fairly stable when stimuli were given with
inter-stimuli periods of more than 3 s. With periods of 3 s
or less, the hyperpolarizing component of the response pro-
gressively diminished (Fig. 1). The most affected part of
the response was the secondary hyperpolarization, which
has been shown to depend on GABAB -receptor activation
(Crunelli et al., 1988). The reduction in hyperpolarization
was quantified in Fig. 1, by plotting the membrane potential
(Vm) at 0.1 s after the stimulus (the point at which the effect
is strongest) for each stimulus. The decline was dependent
on the rate of stimuli and was found to be stronger for 1 Hz
than for 0.33 Hz. The hyperpolarization following the first
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Fig. 1. Decreased hyperpolarization in TC neuron during repetitive stimulation of thalamic VL nucleus. Intracellular recording of a TC neuron from the
VL nucleus. The top panels display responses of VL cell to stimulation at 1 Hz (top) and 0.33 Hz (below, the epoch was truncated to display the first
and last two responses). In the bottom panels are overlaid responses to the first and 10th stimuli for both stimulation frequencies. Note the decrease in
evoked hyperpolarization upon repetitive stimulation. The membrane potential at 0.1 s after stimuli (peak of the evoked hyperpolarization) is plotted at
bottom right. The decrease in evoked hyperpolarization was more important with higher frequency of stimulation.

rebound spike-burst also diminished, which led to the re-
duction and eventual disappearance of the second rebound
burst for stimulations at 1 Hz. Similar effects were found in
all TC tested neurons (n = 16).

The reduction in the number of action potentials crown-
ing the post-inhibitory low-threshold bursts, occurring with
thalamic stimuli at 0.33, 0.5 and 1 Hz was quantified in five

TC cells. A representative example is shown in Fig. 2. The
number of action potentials present on each spike-burst (first
rebound burst (dark bar), second rebound burst (gray bars);
bottom right plot) was plotted for each stimulus. The second
burst was the most affected one, with no action potentials
being fired after the third stimulus at 1 Hz and displaying
some decrease in that number for 0.5 and 0.33 Hz.
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Fig. 2. Decreased action potential output in rebound of TC neurons during repetitive stimulation. Intracellular recording of a TC neuron from the VL
nucleus. The top panel displays the response of the cell to VL stimulation at 1 Hz. Dotted line marks the peak level of hyperpolarization reached during
the first response. Below, at left are expanded responses to the first and I Oth stimuli. Note the decrease in evoked hyperpolarization after repetitive
stimulation, which led to a decrease in the number of action potentials on rebound. At right, the number of action potentials riding on the first (black
bar) and second (gray bars) rebound after each stimulus is plotted for stimulus at 1, 0.5 and 0.33 Hz. Note the decrease in the number of action potentials
with repetitive stimuli, especially in the case of the second rebound. This effect is much smaller at lower frequencies of stimulation.
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3.3. Decrease in the evoked hyperpolarization to
rhythmic 10 Hz stimulation

Augmenting responses mimicking spindles occur with
stimulation frequencies between 7 and 15 Hz (optimal fre-
quency ~10Hz). We verified if effects similar to those de-
scribed for single stimulus were also observed during the
augmenting response and applied series of pulse-trains con-
sisting of five stimuli at 10 Hz to the dorsal thalamus. Dif-
ferent series of trains were applied with different periods
between the trains in 14 TC cells. Representative results
are presented in Fig. 3. Generally, no effects were observed
when the period between pulse-trains was longer than 5 s.
With shorter periods between pulse-trains, reductions in the
hyperpolarizing envelope of the low-threshold type of aug-
menting response in TC neurons were observed. Overlaying
the first response with the subsequent ones could reveal this
change. In Fig. 3, the first response is depicted together with
the one evoked 25 s after, in panel A with the response to the
sixth pulse-train (trains repetition, 0.2 Hz) and in panel B
with the response to the twenty sixth pulse-train (trains rep-
etition, 1 Hz). The reduction is clearly shown in the bottom
right plot, in which the Vm at 5 ms before the fifth stimulus is
plotted for each pulse-train, for different frequency rates of
trains. The strong decrease in the evoked hyperpolarization,
especially for the 1 s interval between pulse-trains, resulted
in the disappearance or strong diminution of low-threshold
rebound spike-bursts in TC neurons following each stimu-
lus or during the post-inhibitory rebound. Thus, similarly
to single stimulus, the decrease in hyperpolarization led to
a decrease in the low-threshold bursts and, consequently, a
diminished number in their action potentials. One example
of this decreased generation of action potentials will be ex-
amined in the section dealing with the interactions between
thalamus and cortex (Fig. 5).

3.4. Mechanisms intrinsic to TC neurons are not the
main cause of the decreased hyperpolarization

We attempted to reveal whether synaptic or intrinsic
mechanisms are involved in the reductions of hyperpolar-
izations described in Sections 3.2 and 3.3. Single thalamic
stimuli at 1 Hz were applied while recording from TC neu-
rons and similar effects to those already described in Figs. 1
and 2 were observed (Fig. 4, top trace). We then applied hy-
perpolarizing current pulses at the same frequency (1 Hz),
mimicking the amplitude and time-course of synaptically
evoked hyperpolarizations (Fig. 4, second trace). Although
a small decrease in hyperpolarization was also obtained
using current steps, it was much weaker than that evoked
by thalamic stimuli. This became evident by overlaying the
first and 20th responses to synaptic stimuli or current pulses
(Fig. 4, bottom left) and is also shown in a plot of the mean
peak hyperpolarization as a function of stimuli or pulse
number (Fig. 4, bottom right). This implies that the mech-

anisms intrinsic to TC neurons do not play a major role
in the decrease in hyperpolarization with repeated synaptic
volleys. Similar results were obtained in five TC neurons.

3.5. The decrease in action potential output from TC
cells has an impact on cortical activities

Thalamic relay neurons project to the cortex and
the post-inhibitory rebound (Grenier et al., 1998) and
low-threshold augmenting responses (Steriade et al., 1998)
have been shown to depend in neocortical neurons upon the
inputs arising in TC cells. Since repetitive stimuli above
1 Hz led to a decrease in the number of action potentials
in the rebound spike-bursts (Fig. 2), we verified with dual
intracellular recordings if the decreased output from TC
cells had an impact on cortical cells.

The decrease in action potential output of TC cells'
post-inhibitory rebound was correlated with decreased am-
plitude of the post-inhibitory rebound in cortical cells.
Single thalamic stimulus at a frequency of 1 Hz were given
while recording intracellularly from a pair of cortical and
TC neurons. TC cells displayed an evolution of response
similar to that described earlier (Figs. 1, 2 and 4). The action
potential output from the TC cell progressively decreased
and the rebound in the cortical also cell decreased. The area
of depolarization of the cortical neuron was directly related
to the output of the TC cell (data not shown).

Dual intracellular recordings from TC and cortical neu-
rons showed that the augmenting response in cortical neu-
rons was influenced by the decrease in output from TC cells
during pulse-trains at 10 Hz, repeated every second {n = 5).
The progressively decreased hyperpolarization evoked by
such pulse-trains led to a decreased output of action poten-
tials in the low-threshold spike-burst of TC cell following
each stimulus, as well as in the post-inhibitory rebound burst
that followed the cessation of the pulse-train (Fig. 5). The
left bottom plot in this figure shows the spike output follow-
ing each shock (gray bars) as well as the number of spikes
in the rebound that followed the first pulse-train (dark bar).
The mean membrane potential of the cortical cell following
each stimulus (the second to fifth stimuli in each train were
considered) was plotted as a function of the output of action
potentials in the TC cell following that stimulus. A clear re-
lation was obtained between output from the TC cell and the
membrane potential of the cortical cell. The post-inhibitory
rebound in the cortical cell was also affected by the disap-
pearance of action potentials in the post-inhibitory rebound
of the TC cell. The cortical cell was more depolarized dur-
ing the rebound outlasting the first train than the last one
and this activity lasted for a longer period (middle panels).
It has been shown that augmenting responses may develop
into seizures with spike-wave complexes at 3 Hz (Steriade,
1974). The relations between TC firing and cortical depo-
larization described here are derived from cases in which
stimuli did not lead to paroxysmal activities.
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Fig. 3. Decremental effect of repetitive thalamic stimulation on IPSPs in TC cells during augmenting responses. Intracellular recording of a TC cell
from VL nucleus. VL stimulation with pulse-trains of five shocks at 10 Hz, with different time intervals between the trains. In top panel A, trains were
given every 5 s while in panel B the period was 1 s. In the bottom left panels, the first and sixth train for 5 s period, and the first and 26th train for 1 s
period, are overlaid (at 26 s after the first train in both cases). The decremental effect on evoked IPSPs by repetitive stimulation is plotted at bottom
right. The Vm at 5 ms before the fifth shock in each train is plotted for series of stimulation of different periods (trains every 1, 2, 3 and 5 s). The
impact of repetitive stimulation on the IPSPs is very strong at a period of Is, while at 5s there is.almost no effect. Note that the decrease in evoked
IPSP eventually leads to the disappearance of the rebound LTS ( see also 26th train, bottom B panel). Trains that were followed by a rebound LTS are
indicated by filled symbols, those that were not by empty symbols. All trains with a 5 s period (+) were followed by a rebound LTS.
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Fig. 4. Intrinsic mechanisms of TC cells are not the main factor responsible for the decrease in evoked hyperpolarizations. Intracellular recording of a TC
neuron from the VL nucleus. The top panel displays the responses of the cell to VL stimulation at 1 Hz (synaptic volleys) and the responses of the same
cell to current steps intended to evoke a response similar to synaptic volleys (pulses). Action potentials are truncated to focus on the hyperpolarizing
responses. In the middle panel, responses to the first VL stimulus and to current pulses can be compared. The evoked hyperpolarization in both cases
peaks at — 80 mV. The major difference between the two protocols is in the hyperpolarization following the first rebound spike-burst, which is ampler in
the case of pulses and thus leads to a stronger second rebound burst. The total hyperpolarization decreases much faster in the case of VL stimulation.
This can be seen at bottom left where responses to the first (black trace) and 20th (red trace) stimuli or pulses are overlaid. At bottom right is plotted the
mean Vm evoked by each VL stimulus or pulse from 0.1 to 0.15 s after their onset. A small effect may be seen for current pulses, but a much stronger
one is clear for VL stimulation. The fitting of the curves is exponential.
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Fig. 5. Decremental responses in the TC network to repeated 10 Hz stimulation of the dorsal thalamus. Dual intracellular recordings from TC cell from
VL nucleus and a cortical cell in area 4, together with field potential from the depth of area 4. VL stimulation consisted of pulse-trains of five stimuli at
10 Hz repeated every second. Top panel shows the response of the two simultaneously recorded cells to 10 pulse-trains. The first and last pulse-train are
expanded in the middle panels. The evoked hyperpolarization in the TC cell was reduced and the neocortical cell augmenting response and rebound were
smaller to the 10th train than to the first one. The smaller hyperpolarization in TC cell led to a decrease in the number of action potentials on the top of
low-threshold bursts. This is plotted for each stimulus at bottom left. Individual stimulus are represented by thin bars underneath the horizontal axis and
the number of action potentials is indicated by the thick bar above it. Action potentials on the post-inhibitory rebound only occurred following the first
train and are indicated by the dark bar. The mean Vm of the cortical cell (taken from 1 to 99 ms after the stimuli) was calculated for the second to fifth
stimuli of each train and plotted as a function of the corresponding number of action potentials in the TC cell. A clear relation is present between TC
cell's output and cortical cell's depolarization. The plot also includes points that were taken from another similar series of trains with this cell couple.
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4. Discussion

Two main data resulted from our study: (a) the progres-
sive decrease in hyperpolarization of TC cells in response
to single thalamic stimulus above a certain frequency and
to repeated pulse-trains at 10 Hz is mainly due to synaptic
factors and not to intrinsic mechanisms of TC cells; and (b)
this decreased hyperpolarization led to a decreased number
of action potentials in the low-threshold spike-burst, which
had an impact on cortical activities, being matched by a de-
creased depolarization of cortical cell during augmenting re-
sponses and post-inhibitory rebound. In the correlation be-
tween TC cell's action potential output and depolarization
in cortex, the TC cell under direct observation reflected the
global output from the surrounding pool of TC cells to cor-
tex since the processes described here were observed in an
overwhelming majority of recorded cells.

The main change in the responses of TC cells to repeti-
tive stimulation occurred in the second part of the biphasic
hyperpolarization, mediated by GABAB receptors (Crunelli
et al., 1988). A similar decrease in the inhibitory rebound
sequence in TC cells was found in decorticated animals
(Steriade and Timofeev, 1997), indicating that the cortex
does not play a role in the progressively decreased hy-
perpolarization with repetitive stimuli. What is the mecha-
nism by which this decrease occurs? TC neurons possess a
hyperpolarization-activated cationic current (/H) with rever-
sal potential around — 30 mV (McCormick and Pape, 1990;
Soltesz et al., 1991), which tends to oppose the hyperpo-
larization of TC cells. Ca2+ influx, which occurs during
low-threshold spike-bursts, has been shown to up-regulate
/H and to enhance its potency in the termination and refrac-
tory period of spindles (Liithi and McCormick, 1998a,b).
Repetitive hyperpolarizations with spike-bursts would thus
be susceptible to activate /H and could lead to a progressive
decrease of hyperpolarizations. We attempted to solve the
issue concerning intrinsic versus synaptic factors by mim-
icking the stimulus-evoked hyperpolarization with a similar
event evoked by current pulses. The two hyperpolarizations
(Fig. 4) were similar enough for this purpose; in fact, the
main difference was in the second part of the hyperpolar-
ization that was stronger with current pulses, which should
have favored even more hyperpolarization-activated intrin-
sic mechanisms. Even so, the decreased amplitude of the
hyperpolarization was much weaker with current steps than
with synaptic volleys. This result rather indicates that 1\\,
or any other intrinsic mechanism, is not the main factor
in the process of decreased hyperpolarizations, although it
cannot be excluded that it plays a role. Synaptic plasticity
from RE to TC neurons seems the more likely candidate.
The sources of evoked hyperpolarizations in TC cells are
probably RE cells, although local inhibitory cannot be ruled
out.

Hyperpolarization of TC cells leads to de-inactivation
of the transient Ca2+ current (Ij) and eventually to a

low-threshold Ca2+ spike crowned or not by action po-
tentials (Jahnsen and Llinas, 1984a,b). The post-inhibitory
rebound is a graded phenomenon (Timofeev et al., 2001).
Fluctuations in the hyperpolarization may then lead to a
decrease in the rebound burst amplitude and the number
of action potentials it elicits. This is what was consistently
observed during our experiments and the underlying mech-
anism calls probably upon relations between RE and TC
cells that lead to a modification of TC cells' output. TC
cells' spike-bursts have a potent effect on the cortex as they
transfer thalamically generated spindles to the neocortex
(Steriade and Deschenes, 1984), generate the secondary
depolarization that characterizes augmenting responses in
cortical neurons (Steriade et al., 1998) and initiate the cor-
tical post-inhibitory rebound (Grenier et al., 1998). Our
data on the impact of modifications in TC cells' output
on neocortical neurons support this important role in the
augmenting response and the post-inhibitory rebound. We
have shown that the post-inhibitory rebound is initiated by
TC cells' bursts, but is probably sustained afterwards by
intracortical mechanisms (Fig. 5).

The sequence of events occurring in the thalamus and their
effects on cortical responses can be tentatively presented
as follows. Dorsal thalamic volleys induce spike-bursts in
RE cells, which in turn lead to hyperpolarization of TC
cells, de-inactivating Ij and leading to rebound spike-bursts
that will activate RE cells again and also initiate the re-
bound in neocortical cells. The second burst of RE cells
will again hyperpolarize TC cells, eventually leading to a
second rebound burst. However, this hyperpolarization is
smaller (Figs. 1, 2, 4 and 5), which is probably due to
the depolarizing influence of corticothalamic neurons that
are active during their rebound, contrary to what happens
right after the stimulus when combined inhibition and disfa-
cilitation hyperpolarize cortical neurons. However smaller,
the second burst of TC cells still helps in further sustain-
ing the neocortical rebound, but the inhibition rebound loop
in the thalamus is already dampened and usually termi-
nates at the second TC rebound. If the first hyperpolariza-
tion of TC cells in this scenario is already less important,
then the intensity of the first rebound in TC cells is also
decreased, then less input to RE and cortex takes place,
which results in less inhibition after the first TC burst, fol-
lowed by a weaker or absent second spike-burst. This de-
creased output leads to a smaller drive for the neocortical
rebound and, in fact, results in a disfacilitation of neocortical
activity.

To summarize, the decreased hyperpolarization upon
repetitive stimulation, probably resulting from the decreased
efficacy of RE-to-TC connections, results in the dampening
of activities sustaining the inhibition rebound sequences in
the TC network. Our results suggest that this phenomenon
should be taken into account when analyzing complex ac-
tivities, such as physiological and pathological oscillations.
This possibility could be tested in modeling studies.
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