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ChapterChapter 4 

Abstract t 

Inn contrast to the in vivo situation, background synaptic activity in in vitro brain 
slicess has been assumed not to affect neuronal excitability to a great extent. Here 
wee report that in in vitro hippocampal slices blockade of endogenous background 
activityy results in an increased excitability of CA1 pyramidal neurons. This increase 
inn excitability constitutes a leftward shift in the input-output relationship of 
pyramidall  neurons, indicating a reduced threshold for synaptic activity to evoke 
actionn potentials. The increase in excitability is correlated with an adaptive decrease 
inn a sustained K+ conductance, as recorded from somatic cell-attached patches. 
Afterr 20 minutes of blockade of background activity, the mean sustained K+ 

conductancee was 52  11% of control. Blockade of background activity did not 
affectt fast Na+ conductance. Together, these results suggest that the reduction in 
K++ conductance serves as an adaptive mechanism to increase excitability when 
backgroundd activity is reduced. We conclude that CA1 pyramidal neurons in 
hippocampall  slices adapt the dynamic range of their input-output relationship in 
responsee to changes in background activity. 

Introduction n 

Synapticc background activity in vivo displays a large degree of variability and is one 
off  the determining factors of the probability of firing of the postsynaptic neuron 
(Paree et a/., 1998; Destexhe & Pare, 1999; Destexhe et a/., 2003). In in vitro studies 
however,, where background activity is lower than in vivoy it is often assumed not to 
affectt neuronal excitability to a great extent. Several in vivo and modeling studies 
havee theorized on a functional role for background synaptic activity. These 
suggestedd that tonic background activity could affect dendritic integration by 
keepingg membrane resistance low and therefore reducing neuronal responsiveness 
(Barret,, 1975; Bernander et a/., 1991; Pare et a/., 1998; Destexhe & Pare, 1999; 
Holmess & Woody, 1989; Rapp eta/., 1992). A more recent modeling study (Ho & 
Destexhe,, 2000) however, showed that when high-amplitude fluctuations in 
membranee potential, which are inherent to the presence of background activity, are 
alsoo taken into account, the presence of background activity will increase neuronal 
responsiveness.. This can lead to an enhanced discrimination of low-amplitude 
synapticc input and decreased responsiveness to high-amplitude synaptic input 
(Destexhee et a/., 2003; Shu et a/., 2003). Similar gain-setting functions of 
backgroundd activity have been described in other studies (Chance et a/., 2002; 
Fellouss et a/., 2003). Thus, the gain-setting functions of background activity ensure 
thatt neurons are able to detect subtle changes in the level of synaptic input they 
receive. . 
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Thee above mentioned studies show how background activity can influence 
postsynapticc responsiveness, but they do not consider the potential role of 
homeostaticc or adaptive gain-setting mechanisms, employed by the postsynaptic 
neuron,, that might additionally occur due to changes in background activity. 
Adaptivee or homeostatic gain-setting mechanisms might come into play when 
considerablee changes in the level of background activity take place, since this 
wouldd induce a situation in which the dynamic gain set by the neuron would be off 
rangee and neuronal responsiveness to subde changes in synaptic input would no 
longerr be ensured. One way to solve such a gain-setting problem would be to 
adaptt neuronal gain to the new level of background activity by modulation of 
voltage-gatedd conductances. 

Severall  of such homeostatic gain-setting mechanisms have been shown to exist 
andd it is becoming increasingly apparent that they exist at different time-scales. 
Thus,, long-lasting changes in synaptic activity over several days can induce 
adaptivee changes in voltage-gated ionic conductances in a homeostatic manner 
(Turrigianoo eta/., 1995; Desai et al., 1999; Baines et al., 2001; Aptowicz et al, 2004), 
whilee homeostatic modulation of voltage-gated conductances occurring at a time-
scalee of hours has also been reported (Golowasch et al., 1999). More recent studies 
howeverr (Baines, 2003; Nelson et al, 2003; Van Welie et al, 2004) suggest that 
activity-dependentt homeostatic modulation of voltage-gated conductances also 
existss on a time-scale of minutes. This suggests that both in vitro and in vivo, 
relativelyy rapid changes in background activity could potentially induce 
homeostaticc gain-setting mechanisms by modulation of voltage-gated ion channels. 

Inn the in vitro condition, background activity is much lower than in vivo (Pare et al., 
1998),, but it is nevertheless present. We investigated whether the excitability of 
hippocampall  CA1 pyramidal neurons in vitro is affected by blocking background 
activity.. We show that blockade of background activity induces an adaptive 
reductionn in a sustained K+ conductance with no significant changes in Na+ 

conductance,, resulting in an increased neuronal excitability. We conclude that 
acutee changes in the level of background activity in vitro can induce an adaptive 
modulationn of a voltage-gated K+ conductance that serves to reset the dynamic 
rangee of the input-output relationship of CA1 pyramidal neurons. We speculate 
thatt adaptive gain-setting mechanisms by modulation of voltage-gated ion channels 
mightt also be expected to play a role in the in vivo condition. 
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Methods s 

PreparationPreparation of slices 

Parasaggitall  slices of the hippocampus (250 - 300 \xm) were prepared from male 
14-- to 21-day-old Wistar rats (Harlan, Zeist, The Netherlands). Experiments were 
conductedd according to the ethics committee guidelines of animal experimentation 
off  the University of Amsterdam. After decapitation, the brain was rapidly removed 
andd placed in ice-cold artificial cerebrospinal fluid (ACSF) containing (in mM): 120 
NaCl,, 3.5 KC1, 2.5 CaCl2, 1.3 MgS04, 1.25 NaH2P04, 25 glucose, and 25 
NaHC03,, equilibrated with 95% 0 2 and 5% C 02 (pH = 7.4). Subsequently, slices 
weree cut using a vibroslicer (VT1000S, Leica Microsystems, Nussloch, Germany) 
andd were allowed to recover for 1 hour at 31 °C. 

ElectrophysiologicalElectrophysiological recordings 

CA11 pyramidal neurons were visualized with an upright microscope (Zeiss 
Axioskop,, Oberkochen, Germany) with Dodt contrast optics (Luigs & Neumann, 
Ratingen,, Germany) and with a VX44 CCD camera (PCO, Kelheim, Germany). 
Patchh clamp recordings were made at room temperature. For perforated patch 
recordings,, patch pipettes were pulled from borosilicate glass and had a resistance 
off  2 - 4 MQ when filled with (in mM): 120 K-Gluconate, 20 KC1, 10 HEPES, 1 
MgS04,, and 10 sucrose (pH = 7.4 with KOH). Gramicidin (100 jig/ml; final 
DMSOO 0.01%) was added from a fresh stock solution. On average, the perforated 
patchh configuration was reached after 5 - 50 minutes after obtaining a giga-ohm 
seal.. Input resistance and series resistance were monitored throughout recordings 
too make sure that the cell did not enter the whole-cell configuration. For whole-cell 
somaticc recordings, pipettes were filled with (in mM): 140 KC1, 10 HEPES, 5 
EGTA,, 0.5 CaCl2, and 2 Mg-ATP (pH = 7.4 with KOH). Series resistance was 6 -
200 MO during whole-cell recordings and was compensated for 80%. No correction 
wass made for liquid junction potentials. For cell-attached K+ current recordings, 
pipettess had a resistance of 1.5 - 3 MQ and were filled with (in mM): 120 NaCl, 10 
HEPES,, 3 KC1, 1 MgCl2, and 0.001 TTX (pH = 7.4 with NaOH). For cell-
attachedd Na+ current recordings, pipettes were filled with (in mM): 120 NaCl, 10 
HEPES,, 2 CaCl2, 3 KC1, 1 MgCl2, 30 TEA-C1, and 15 4-A (pH = 7.4 with HC1). 
Forr cell-attached recordings, capacitance was reduced by wrapping pipettes in 
parafilm.. Current signals in whole-cell voltage clamp were acquired at 1 kHz and 
filteredfiltered at 500 Hz and voltage signals in current clamp were acquired at 10 kHz and 
filteredfiltered at 3.3 kHz using an EPC9 amplifier and Pulse 8.31 software (HEKA 
Electronik,, Lambrecht, Germany), run on an Apple Mac G3 computer. During 
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cell-attachedd K+ current recordings, voltage signals were acquired at 10 kHz and 
filteredd at 3.33 kHz. During cell-attached Na+ current recordings, voltage signals 
weree acquired at 200 kHz and filtered at 66.7 kHz. Na+ currents were averaged 
overr 10 consecutive sweeps. Background activity was blocked by bath application 
off  100 uM AP5, 20 - 50 |iM CNQX and 2 0 - 1 00 ^M bicuculline-methochloride 
orr bicuculline-methiodide. All chemicals were purchased from Tocris (Bristol, UK) 
orr Sigma (Zwijndrecht, The Netherlands). 

DataData analysis 

Synapticc events were detected and analyzed using a custom-made procedure in 
Igorr (Wavemetrics, Lake Oswego, USA) as described previously (Van Hooft, 
2002).. The input resistance of CA1 pyramidal neurons was calculated from 
voltage-responsess to hyperpolarizing current injections in current clamp (at t ~ 750 
mss of the 1 s hyperpolarizing pulse). K+ currents were leak-corrected off-line using 
thee calculated impedance from a 10 mV prepulse recorded with each trace. K+ 

conductancee (g) was calculated as follows: 
g (V)= I (V) / (V-V r c v) ) 

wheree Vrev is the reversal potential of K+ currents (-90 mV). The conductance (g) 
ass a function of voltage (V) was fitted by a Boltzmann equation: 
g(V)) = gn.ax / 1+exp (Vh - V /Vc) 

wheree gmax is the maximal conductance, Vh is the potential of half-maximal 
activationn and Vc is the slope parameter. Na+ currents were leak-corrected by a P/4 
procedure.. Na+ currents were fitted to a Goldman-Hodgkin-Katz equation using a 
Boltzmannn function to determine the sodium permeability as a function of voltage: 

II 00 = ft» «V 
11 +exp Vh-V V 

V, , 

M M 
[N<L L 

expp (-aV) 

11 - exp (-aV) 

zFF _ 
withh a = — and gmax - a F 

p p 
ourr o 

wheree F is the Faraday constant, R is the gas constant, T represents the absolute 
temperature,, z is the valence, gmax is the maximal conductance, Po is the maximal 
permeability,, Vh is the potential of half maximal activation and Vc is the slope 
parameter. . 
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Notee that in the cell-attached configuration, the pipette potential and the resting 
membranee potential are in series to form the local transmembrane potential, i.e. a 
pipettee potential of 0 mV refers to the resting membrane potential. In this 
recordingg configuration, applying a positive pipette potential results in membrane 
hyperpolarizationn and applying a negative pipette potential results in membrane 
depolarization,, which is exactly opposite to sign conventions in the whole-cell 
configuration.. In the text and figures, we give membrane potentials relative to the 
restingg membrane potential, but we use the standard sign convention that negative 
potentialss indicate a hyperpolarization and positive potentials indicate a 
depolarization.. All values are given as mean  SEM. Differences were tested by a 
pairedd or unpaired Student's /-test as appropriate. P < 0.05 is used to indicate a 
significantt difference. 

Results s 

BlockingBlocking background activity increases excitability ofCAl neurons 

Inn order to characterize the level of background activity present in hippocampal 
slices,, we recorded spontaneous synaptic events in the whole-cell patch clamp 
configurationn before and after blockade of background activity. In control 
conditions,, the mean frequency of spontaneous synaptic events recorded from 
CA11 pyramidal neurons at a holding potential of-60 mV was 1.7  0.3 Hz (« = 6). 
Afterr blockade of AMPA, NMDA and GABAA receptors, which mediate fast 
excitatoryy and inhibitory neurotransmission, by bath application of CNQX, AP5 
andd bicuculline, the mean frequency was reduced to 0.01  0.01 Hz in — 5, P < 
0.05,, Fig. 1). 

AA Control B 

N-- 1.6 

|| 12 

§§ 0.8 
O" " 

ü:: o.4 

Controll Antagonists 

Fig.. 1. Background activity in the in vitro slice preparation 
A.A. Spontaneous synaptic events were recorded in the whole-cell patch clamp configuration in control 
conditionn and after bath application of antagonists for AMPA (20-50 uM CNQX), NMDA (100 uM 
AP-5)) and GABAA (20-100 uM bicuculline) receptors. B. The mean frequency of spontaneous 
synapticc events was 1.7  0.3 Hz (« = 6) in control condition and 0.01  0.01 Hz in - 5) after bath 
applicationn of antagonists. Asterisk indicates P < 0.05. 

69 9 



Activity-dependentActivity-dependent plasticity of neuronal excitability 

Too investigate whether background activity affects neuronal excitability in vitro on a 
rapidd time-scale, we studied the firing properties of CA1 pyramidal neurons before 
andd after blockade of background activity. The perforated patch clamp 
configurationn was used in order to minimize perturbation of the intracellular milieu 
andd signaling pathways. In control condition, CA1 pyramidal neurons generated 
actionn potentials in response to depolarizing current injections, but after 1 5 - 20 
minutess of blockade of synaptic activity, the mean frequency of evoked action 
potentialss had increased compared to control. In response to the largest current 
injectionn of 90 pA, the firing frequency had increased by 20  4% (n — 4, Fig. 2A). 
Thiss increase was partly reversed upon washing out of the AMPA-, NMDA - and 
G A B A AA  receptor antagonists. Concomitant with the increase in firing frequency, 
CA11 neurons displayed a slightly depolarized mean resting membrane potential 
(control:: -57  3 mV, antagonists: -53  2 mV, wash: -58  4 mV, n - 4, Fig. IB) 
andd an increased input resistance (control: 248  20 MQ, antagonists: 337  43 
MQ,, wash: 315  3 MQ, n = 4, P < 0.05 for control versus antagonists, Fig. 2Q, 
whichh were both partly reversed upon washout. These results indicate that 
blockadee of synaptic input leads to rapid changes in the intrinsic membrane 
propertiess of CA1 

A A 
1400 m' 

2000 n 

Vrest t 

Vrest t 

LLL 1 . 
"O O 
CD D 

E E 

II 0.. 

-50 0 

Fig.. 2. Blockade of synaptic activity rapidly increases excitability 
A.A. Firing responses of CA1 pyramidal neurons in response to a depolarizing current injection of 80 
pAA before and after blockade of synaptic activity. Below example traces the mean input-output 
relationshipp in control situation (C), after blockade of activity by antagonists (A) and after washout of 
antagonistss (W). FF denotes the firing frequency B. Blockade of background activity slighdy 
depolarizedd the resting membrane potential of CA1 pyramidal neurons, which pardy reversed after 
washoutt of the antagonists. C. Blocking background activity by application of antagonists also 
increasedd the input resistance of neurons, which partlv reversed after washout of the antagonists. 
Asteriskss indicate P < 0.05. All data represents mean  SEM of 4 neurons. 

pyramidall  neurons. 
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IncreaseIncrease in excitability is correlated to a decrease in I? currents 

Changess in the intrinsic excitability of neurons are mediated by voltage-gated 
conductances.. We therefore set out to determine which voltage-gated 
conductancess were modulated after blockade of background activity. Cell-attached 
recordingss from the soma of CA1 pyramidal neurons were made to investigate K+ 

conductances.. K+ currents were evoked by depolarizing patches to membrane 
potentialss between +10 to + 150 mV relative to resting membrane potential after a 
conditioningg hyperpolarizing prepulse of -75 mV. Depolarization of patches 
typicallyy evoked a sustained outward current component, which was occasionally 
accompaniedd by an initial fast component (Fig. 3A). Simultaneous bath application 
andd inclusion of 10 mM 4-aminopyridine (4-AP) and 30 mM tetraethylammonium 
chloridee (TEA) in the pipette solution blocked both the fast, transient component 
andd the sustained component (data not shown). The properties of the sustained K+ 

currentt component were established before and after blockade of background 
activity.. Already after 10 minutes of bath application of the AMPA-, NMD A- and 
G A B A AA receptor antagonists, a significant decrease in current amplitudes was 
apparentt compared to separate control recordings from patches in which ACSF 
wass superfused. After 20 minutes of antagonist application, K+ current amplitudes 
weree 46  9% of those in control patches (n = 7 for both control and antagonist 
condition,, P < 0.05, Fig 3B). At this time-point we determined complete I-V 
relationshipss and calculated K+ conductances by fitting the I-V relationship with a 
Boltzmannn equation (see Methods). After 20 minutes in control condition, the 
maximall  K+ conductance was 91  5% of that at t = 0, whilst the K+ conductance 
afterr 20 minutes of blockade of background activity was 52  11% of that at t = 0 
(n(n - 7 for both conditions, P < 0.05, Fig. 3C). The potential of half-maximal 
activationn as well as the slope parameter had slightly changed after 20 minutes of 
recordingg for both control patches and antagonist patches, but these parameters 
didd not differ significantly between the two conditions (control: AVh = -3  3 mV, 
AVCC = -3  2 mV; antagonists: AVh = -8  2 mV, AVC = 2  2 mV, Fig. 3D). 
Thesee results indicate that the maximal conductance, but not the voltage-
dependentt properties of a sustained K+ current is significantly reduced after 
blockadee of background activity. 

IncreaseIncrease in excitability is not correlated to a change in Na+ currents 

Anotherr likely candidate that could mediate an increase in excitability is the 
voltage-gatedd Na+ current. To test whether Na+ currents were also modulated by 
thee blockade of background activity, we recorded Na+ currents from somatic 
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Fig.. 3. Reduced delayed K+ conductance after blockade of background activity 
A.A. K+ currents in somatic patches in control condition and after blockade of activity (antagonists) in 
thee slice. Blocking background activity reduced the amplitude of K+ currents. For further analysis, 
amplitudess were determined at the end of current traces (squares). Example traces are averages of 5 
consecutivee sweeps. B. Normalized K+ current amplitudes in time while either standard ACSF 
(Control)) or antagonists were washed in. After 20 minutes of blocking activity, K+ current amplitudes 
weree 46  9% of control. Data points represent mean  SEM of 7 cells. Asterisks indicate P < 0.05. 
C.C. Mean conductance plots of K+ currents in control- and antagonist condition after 20 minutes of 
activity-blockade.. Both were normalized to their own controls at t - 0. Data points represent mean
SEMM of 7 cells. D. Changes in the voltage-dependent properties of K+ currents from control patches 
andd after 20 minutes activity-blockade by antagonists. There were no significant differences in either 
parameterr between the two conditions. Data points represent mean  SEM of 7 cells. 

patches.. Depolarizing the somatic membrane to a relative membrane potential of 
++ 10 to +120 mV from a 1000 ms hyperpolarizing prepulse at -30 mV resulted in 
fastt transient inward currents (Fig. 4A). A series of consecutive single 
depolarizationss to a relative membrane potential of +60 mV were given to follow 
Na++ current amplitudes in time in control condition and during bath application of 
antagonists.. Fig. 40 shows that the amplitude of the Na+ current tended to 
decreasee in time. However, the decrease was similar in control condition and in the 
presencee of antagonists (Fig. 4B). Properties of Na+ currents were determined in 
control-- and antagonist condition after 20 minutes of blockade of background 
activity.. In control condition, the Na+ conductance after 20 minutes of standard 
ACSFF perfusion was 52  3% of that at t = 0, whilst the Na+ conductance after 20 
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minutess of activity-blockade by antagonists was 46  6% of that at t=0 in — A for 
control,, n = 6 for antagonist, Fig. AC). The potential of half-maximal activation 
(Vh)) had shifted slightly towards less depolarized values in both conditions when 
comparedd to its own control at t = 0 (control: AVh = -5  3 mV, antagonists: AVh 
== -11 2 mV Fig. AD). However, this shift in Vh was not significantly different 
betweenn the two groups. The slope parameter (Vc) had also shifted slightly in both 
groups,, but again there was no significant difference between control- and 
antagonistt conditions (control: AVC = 3  1 mV, antagonists: AVC = 4  3 mV). 
Thesee results show that neither the conductance, nor the voltage-dependence of 
activationn of Na+ currents are affected by blockade of background activity. 
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Fig.. 4. Increase in excitability is not associated with a change in N a + conductance 
A.A. Na+ currents from somatic patches before and after blockade of activity by synaptic antagonists. 
Examplee traces are averages of 10 consecutive sweeps. B. Both in control condition and in the 
presencee of antagonists, Na+ currents displayed some rundown in time, indicating that blockade of 
activityy has no effect on Na+ current amplitudes. C. Mean amplitude plots of Na+ currents in control-
andd antagonist condition after 20 minutes of activity-blockade. Both were normalized to their own 
controlss at t = 0. D. Changes in voltage-dependent properties of Na+ currents from somatic patches 
afterr 20 minutes in control and antagonists condition. There were no significant differences in either 
parameterr between the two conditions. Data points represent mean  SEM of 4 - 6 cells. 
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Discussion n 

Inn this study we investigated whether changes in background activity in the in vitro 
slicee preparation of the hippocampus affects membrane excitability by determining 
neuronall  input-output gain. We show that a strong reduction in background 
activity'' leads to an increased excitability of CA1 pyramidal neurons, which is 
expressedd as a leftward shift in the input-output relationship. This indicates that 
pyramidall  neurons have a reduced threshold for synaptic activity to evoke action 
potentials.. Recordings from somatic patches showed that blockade of activity 
resultedd in an adaptive decrease in a sustained voltage-gated K+ conductance with 
noo significant changes in the fast voltage-gated Na+ conductance. These data 
suggestt that CA1 pyramidal neurons respond to changes in background activity by 
activelyy resetting the dynamic range of their input-output relationship and that this 
rapidd gain-setting mechanism is expressed as an adaptive modulation of a voltage-
gatedd sustained K+ conductance. 

Thee somatic patch recordings of both K+ and Na+ currents suggest that the 
adaptivee reduction in K+ currents is responsible for the increase in excitability as 
recordedd in whole-cell perforated patch mode. This reduction appeared to be due 
too a change in maximal conductance, rather than a change in voltage-dependent 
propertiess of the sustained K+ current. Recently, it was shown that glutamate 
stimulationn causes a rapid dephosphorylation of delayed rectifier K+ channels 
(Kv2.11 channels), a translocation of these channels to the membrane and a shift in 
thee voltage-dependent activation of the delayed rectifying current in cultured rat 
hippocampall  neurons (Misonou et at., 2004). The change in voltage-dependence of 
activationn resulted in an increase in K+ current and this effect was already apparent 
afterr 10 minutes of glutamate stimulation. These results are similar, but opposite to 
thee results described here since stimulation with glutamate mimics an increase in 
synapticc activity. However, we did not observe a change in voltage-dependent 
propertiess of the sustained K+ conductance, but rather a decrease in maximal 
conductance.. This suggests that modulation of conductance and voltage-
dependentt properties of K+ currents are complementary mechanisms that regulate 
neuronall  excitability. 

Severall  studies have shown that voltage-gated conductances can be modulated in 
ann adaptive or homeostatic manner by synaptic activity. Most of these mechanisms 
weree found to occur after long-term changes in activity over days (Turrigiano et al, 
1995;; Desai et al, 1999; Baines et al., 2001; Aptowicz et al, 2004), although it also 
hass been shown that homeostatic modulation of voltage-gated conductances can 
occurr after a few hours of changes in activity (Golowasch et al, 1999). However, 
moree recent studies have shown that homeostatic modulation of voltage-gated 
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conductancess can also occur on a more rapid time scale of minutes (Baines, 2003; 
Nelsonn et al., 2003; Van Welie et al., 2004). The fact that several of these 
mechanismss have been described at different time scales suggests the existence of 
aa range of different underlying molecular mechanisms that may include modulation 
off  ion channel density by either transcriptional or translational regulation as well as 
modulationn of ion channel function by posttranslational mechanisms such as 
phosphorylationn or dephosphorylation. It wil l be important to investigate how 
thesee modulatory mechanisms relate to the levels and duration of the changes in 
activity.. One study reported activity-dependent changes in Na+ and K+ channel 
conductancess that occurred only after modulating activity for more than 24 hours 
(Desaii  et at, 1999). In that study, blocking activity in cultured neocortical neurons 
forr 24 hours resulted in an increase in excitability which was correlated to an 
increasee in Na+ conductance and a decrease in persistent K+ conductance. These 
changess in conductance were not associated with a change in voltage-dependent 
properties,, but rather with changes in channel density. Our results are equivalent to 
thee results from Desai et al. (1999) except for the fact that we did not see an 
increasee in Na+ conductance and that the increase in excitability that we report is 
alreadyy apparent after 1 0 - 20 minutes. Desai et al, (1999) did not however 
investigatee time points shorter than 2.5 hours. It could therefore be that blockade 
off  activity induces modulation of K+ and/or Na+ currents at different time scales. 
Furthermore,, activity was blocked on the postsynaptic side in our experiments, 
whilee in the study of Desai et al., (1999) activity was blocked at the presynaptic side. 
Thiss might have important implications for the mechanisms induced. 

Backgroundd activity in in vitro slices has been shown to be much lower compared 
too that in vivo in cat neocortex (Pare et at., 1998). However, although probably lower 
thann in vivo, the frequency of spontaneous synaptic events in our slices was by no 
meanss negligible (1.7  0.3 Hz, Fig. 2). Few studies have reported on the 
frequenciess of background activity in rat brain slices and this activity is naturally 
highlyy dependent on the configuration of slices and recording conditions. Also, 
developmentall  regulations of ligand-gated receptors have to be taken into account 
withh respect to the absolute level of background activity in in vitro slices. The rats 
usedd in this study were between 14 and 21 days old, whereas it has been reported 
thatt in rats the frequency of spontaneous everts increases until 2 -3 months of age 
(Hsiaa et al., 1998). It wil l therefore ber*»' o study whether in adult rat, where 

thee level of background input ishy  ̂ \ in the in vivo situation, rapid gain-
settingg mechanisms by mod*'*" \ \ ion conductances also exist. 

Inn summary, we have she 
preparationn actively adapt t 
voltage-gatedd K+ conductance 
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neuronss in the in vitro slice 
homeostaticc scaling of a 
îi  in background activity. 



Activity-dependentActivity-dependent plasticity of neuronal excitability 

Thiss mechanism may act in concert with the previously proposed gain-determining 
roless of background activity (Destexhe et a/., 2003; Shu et al, 2003; Chance et al, 
2002;; Fellous et al, 2003). We conclude that regulation of neuronal excitability is a 
highlyy dynamical process and that voltage-gated ion channels are subject to 
activity-dependentt modulation at more acute time-scales than previously assumed. 

Acknowledgements s 
J.A.. van Hooft is supported by a fellowship of the Royal Netherlands Academy of 

Artss and Sciences. 

76 6 






