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1. GABA, a neurotransmitter crucial for the 
development of neuronal circuits: 
involvement in autism spectrum disorders
Cherubini E. 
Neurobiology Department, International School for Advanced 
Studies (SISSA), Trieste, Italy  

The construction of the brain relies on genetic and environmental 
factors “nature and nurture”. While nature provides a set of genes 
that control the general organization of the brain, nurture ensures 
that genetically built neuronal circuits adapt to the environment. 
Learning constitutes an adaptive process involving activity-de-
pendent mechanisms regulating several developmental steps, 
including synapses formation and elimination. One of the main 
actors in these processes is the neurotransmitter GABA, which 
inhibits adult neurons but depolarizes and excites immature ones 
because of high intracellular chloride concentration. In synergy 
with glutamate GABA gives rise to coherent network oscillations 
which are instrumental in enhancing synaptic efficacy at emerg-
ing glutamatergic and GABAergic pathways. A premature shift of 
GABA from the depolarizing to the hyperpolarizing direction 
severely impairs the morphological maturation of cortical cells. In 
addition, a dysfunction of GABAergic signaling early in postnatal 
development leads to an excitatory/inhibitory unbalance a condi-
tion that may account for some of the behavioral deficits observed 
in neuro-developmental disorders such as Autism Spectrum 
Disorders (ASD). ASD comprise a heterogeneous group of patho-
logical conditions, mainly of genetic origin, characterized by 
stereotyped behavior, marked impairment in verbal and non-ver-
bal communication, social skills and cognition. Interestingly, in a 
small number of cases, ASD are associated with single mutations 
in genes involved in synaptic transmission, including single muta-
tions of genes encoding for synaptic cell adhesion molecules of 
the Neurexin-Neuroligin families and for Shank3. Although rare, 
these mutations provide crucial information on the synaptic 
abnormalities which possibly affect ASD patients and point to 
synapses dysfunction as a possible site of autism origin. 

2. Mitochondrial potassium channels
Szewczyk A.
Laboratory of Intracellular Ion Channels, Nencki Institute of 
Experimental Biology, Warsaw, Poland

Mitochondrial potassium channels play an important role in 
cytoprotection. The following potassium channels have been 
described in the inner mitochondrial membrane: the ATP-
regulated potassium channel, the large conductance calcium 
activated potassium channel, the voltage-gated potassium chan-
nel and the twin-pore domain TASK-3 potassium channel. 

Potassium channels in the inner mitochondrial membrane are 
modulated by inhibitors and activators (potassium channel open-
ers) previously described for plasma membrane potassium chan-
nels. The majority of mitochondrial potassium channel modula-
tors exhibit a broad spectrum of off-target effects. These include 
uncoupling properties, inhibition of the respiratory chain and 
effects on cellular calcium homeostasis. Therefore, the rational 
application of channel inhibitors or activators is crucial to under-
standing the cellular consequences of mitochondrial channel 
inhibition or activation. In this paper, recent observations on 
three fundamental issues concerning mitochondrial potassium 
channel will be discussed: (1) their molecular identity, (2) their 
interaction with potassium channel openers and inhibitors and 
(3) their functional role.
This study was supported by the European Union from the 
resources of the European Regional Development Fund under the 
Innovative Economy Programme (POIG.01.01.02-00-069/09)

3. A role of polyunsaturated fatty acids in 
the regulation of mitochondrial potassium 
channels
Kajma A., Szewczyk A.
Laboratory of Intracellular Ion Channels, Nencki Institute of 
Experimental Biology, Warsaw, Poland

Polyunsaturated fatty acids (PUFA), have been implicated in the 
modulation of a variety of biochemical processes in the cells. 
They were able to interact with the membrane proteins including 
ion channels in normal and pathological conditions. The aim of 
the project was to determine whether the neuroprotective mecha-
nism of the large-conductance calcium-activated potassium 
(mitoBKCa) channel from the inner mitochondrial membrane can 
be explained by mutual interaction between the channels and 
polyunsaturated fatty acids. The study was performed using 
patch-clamp technique and mitochondria isolated from rat astro-
cytes. We analyzed effect of arachidonic acid (AA), eicosatet-
raynoic acid (ETYA) a non-metabolizable analog of AA, docosa-
hexaenoic acid (DHA) and eicosapentaenoic acid (EPA). The open 
probability of the channel did not change significantly after appli-
cation of 10 μM ETYA, but after adding 10 μM AA open probabil-
ity increased. This suggest that channel is affected by metabolites 
of AA rather than fatty acids itself. Application of 30 μM DHA, 
and 30 μM EPA increased open probability of the channel. Also 
number of the open channels in the patch increased in the pres-
ence of 30 μM EPA. Summarising, our results indicate that neu-
roprotective PUFAs, like DHA and EPA activate mitoBKCa chan-
nel, while proapoptotic and proinflamatory AA had no effect on 
mitoBKCa channel. 
Grant support DEC-2011/01/N/NZ1/04311
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4. Mitochondrial potassium channels in 
Dictyostelium discoideum
Laskowski M.1, Kicinska A. 2, Jarmuszkiewicz W.2, Szewczyk A.1

1Laboratory of Intracellular Ion Channels, Nencki Institute of 
Experimental Biology, Warsaw, Poland; 2Department of Animal 
Physiology and Development, Adam Mickiewicz University, 
Poznan, Poland

The strict control of inner mitochondrial membrane permeability 
and selective ion transport is essential for mitochondria function-
ing. Potassium ions homeostasis is an important process for mito-
chondrial optimal functioning. Currently we characterize mito-
chondrial potassium channels from one of Dictyostelium species. 
Preliminary experiments are focused on biophysical and pharma-
cological characterization of mitochondrial ion channels. Purified 
inner mitochondrial membranes (submitochondrial particles) 
were reconstituted into planar lipid bilayer. To form model mem-
branes asolectin from soybean mixture of phospholipids was used. 
We observed two types of potassium selective ion channels in 
submitochondrial particle samples: a large- and small-conduc-
tance channels. Experiments were performed both in gradient 
solution 50/150 mM KCl (cis-trans) and in symmetrical solution 
150/150 mM KCl at voltages from −50 to 50 mV. Regulation of the 
channel activity by divalent cations such as Ca2+ and Mg2+ was 
explored. Additionally, interaction of the ATP with mitochondrial 
potassium channels was characterized. The knowledge on mito-
chondrial ion channels may contribute to understanding molecu-
lar mechanism of Dictyostelium discoideum functioning.

5. Integrated electrode system to study ion 
fluxes across the monolayer of epithelial 
cells grown on porous support
Toczyłowska-Mamińska R.1, Zając M.1, Lewenstam A.2, 
Dołowy K.1

1Department of Biophysics, Warsaw University of Life Sciences – 
SGGW, Warsaw, Poland, 2Laboratory of Analytical Chemistry, 
Process Chemistry Center, Åbo Akademi University,  Åbo/
Turku, Finland

Cystic fibrosis is the most common fatal human genetic disorder. It 
is caused by mutation of chloride channel protein called CFTR. 
CFTR channel plays a role in osmotic driven water transportacross 
epithelial cell monolayer. The defective water transport leads to 
dense viscous mucus secretion which blocks pancreatic juice pro-
duction and the clearance of lung fluid. The viscous mucus leads to 
opportunistic infections in lungs which deteriorates its function. 
The simple explanation of the mechanism of fluid secretion and 
absorption in different epithelial tissue failed. Either there are dif-
ferent mechanisms for different epithelial tissues or other ion chan-

nels beside CFTR are involved in water transport. From that what 
is known from experimental studies across the lung epithelium 
sodium, potassium, protons, chloride and bicarbonateions are 
transported. To solve the mechanism of the mechanism of water 
transport we need to measure all the ion concentration changes, as 
fast as possible. Materials and methods: Silver wires were mounted 
in poly(methyl metacrylate)-based modules. Solid state ion selec-
tive electrodes and reference electrode has been used. In the pre-
liminary studies the cell layer was replaced by a porous membrane 
of resistance of approximately 800 Ω•cm-2 similar to resistances of 
cell monolayers (300–1500 Ω•cm-2). Results show that we are able 
to detect ion flow across artificial membrane. Our integrated elec-
trode system can be used to study epithelial cells.
This work was supported by a grant from National Center of 
Science (NCN) grant No. N N401 182839.

6. Slowly-activating cation channel in the 
red beet vacuoles in the presence of 
organolead: Analysis of microscopic 
current
Trela Z.,1 Miskiewicz J.,1 Burdach Z.,2 Karcz W.,2 Przestalski S.1 
1Department of Physics and Biophysics, Wroclaw University of 
Environmental and Life Sciences, Wrocław, Poland; 2Department 
of Plant Physiology, Faculty of Biology, University of Silesia, 
Katowice, Poland 

Patch-clamp technique was used to examine effect of trimethyl-
lead chloride (Met3PbCl) on the SV channel activity in the red 
beet (Beta vulgaris L.) taproot vacuoles. It was found that in the 
control bath macroscopic currents showed typical slow activation 
and strong outward rectification of the steady-state currents. The 
addition of Met3PbCl to the bath solution blocked in a concentra-
tion-dependent manner SV currents in red beet vacuoles. The time 
constant, τ, increased several times in the presence of 100 μM 
trimethyllead chloride at all voltages tested. Trimethyllead chlo-
ride decreased significantly (by about one order of magnitude) the 
open probability of single channels. The recordings of single 
channel activity obtained in the presence and in the absence of 
Met3PbCl showed that organolead only slightly (by ca. 10%) 
decreased the unitary conductance of single channels. It was also 
found that Met3PbCl diminished significantly the number of SV 
channel openings, whereas it did  not change the opening times of 
the channels. Within the present work the existence of spatial cor-
relation beetwen ion channels of Beta vulgaris vacuolar mem-
brane was shown. Moreover, the comparison of data collected in 
the control and in the presence of trimethyllead shows that orga-
nolead compound disturb not only the ion transport through the 
membrane, but also spacial correlations among channels.
This work was supported by the KBN grant N305 336434
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7. How experimental conditions can 
influence the effects of toxins binding to 
“site 3” on sodium channel – 
electrophysiological observations
Dąbrowski M.1,2, Nowak W.1, Jankowska M.2, Stankiewicz M.2

1Institute of Physics and 2Institute of General and Molecular 
Biology, N. Copernicus University, Toruń, Poland.

Toxins binding to “site 3” on Na channel inhibit the inactivation of 
channel and often induce the plateau action potentials (AP). Effects of 
scorpion toxin LqhαIT and sea anemone toxin ATX II were observed 
on insect axonal preparation. Duration of AP increased progressively 
with time after toxin application. Time of plateau AP development 
was shorter in higher toxin concentration and length of AP was bigger. 
Although extension of plateau AP decreased with high frequency 
stimulation (HFS), the effect of HFS was depressed by higher toxin 
concentration (10-6 M). Elevated Ca2+ concentration has been deter-
mined as another factor which induced limitation of plateau AP dura-
tion. Modifications of sodium current under toxins correspond well to 
all observations done in current-clamp configuration. Toxin-induced 
late sodium current had smaller amplitude with high frequency depo-
larizing pulse application – such an effect was partially eliminated by 
increased toxin concentration. High Ca2+ concentration diminished 
current modification induced by toxins. The electrophysiological data 
were additionally compared with data obtained by theoretical binding 
calculations using ligand docking to all atom ion channel model.
Supported by MNiSW (grant N N303 320637); Dąbrowski M. is a 
beneficiary of PhD grant: Project No POKL.04.01.01-00-081/10

8. Effects of D1 receptor agonist on voltage-
gated sodium currents in mPFC pyramidal 
neurons in rats of different ages
Szulczyk B., Grzelka K.
The Medical University of Warsaw, The Department of 
Physiology and Pathophysiology,  Warsaw, Poland

We recorded voltage-gated Na+ currents from mPFC pyramidal neu-
rons in slices. The recordings were made in cell-attached configura-
tion (macropatches) in young (3-weeks-old) and adult (9-weeks-old) 
rats. Fast synaptic transmission was blocked. The maximal Na+ cur-
rents amplitude varied in different recordings because of different 
number of channels in different patches. The mean amplitude of Na+ 
currents was 16.7 ± 1.4 (n=45) in young rats and 8.4 ± 1.2 pA (n=45) 
in adult rats (P<0.001). Sodium currents of big amplitude were select-
ed to test the effects of a D1 receptor agonist (SKF 38393 10 µM). In 
young rats the maximal sodium current amplitude was 28.9 ± 3.7 pA 
in control and 29.7 ± 3.8 pA in the presence of SKF 38393 (P>0.05, 
n=7). Moreover in young rats the potential of half-maximal activation 
(V0.5) was not significantly different in control and with SKF 38393 

in the bath (−11.5 ± 1.9 mV and −14.7 ± 1.2 mV respectively, n=7, 
P>0.05).In adult rats the maximal sodium current amplitude was 33.5 
± 10 pA and 32.5 ± 8.9 pA in control and in the presence of SKF 38393 
respectively (P>0.05, n=5). Also in adult rats the potential of half-
maximal activation was −11.9 ± 1.6 mV in control and −14.2 ± 1.8 mV 
with SKF 38393 in the bath (n=5, P<0.05). We suggest that D1 recep-
tor agonist does not influence maximal Na+ currents and exerts small 
effects on their kinetic properties in rats of different ages.
Supported by grant no. NCN/MNiSzW- N N401 030037.

9. Properties of single noninactivating K+ 
channel currents in medial prefrontal 
cortex (mPFC) pyramidal neurons
Książek A., Ładno V., Witkowski G., Szulczyk P.
Department of Physiology and Pathophysiology, Medical 
University of Warsaw, Warsaw, Poland

Distorted activity of mPFC neurons occurs in age-dependent, wide-
spread neuropsychiatric disorders. Single noninactivating K+ channel 
currents were recorded in cell attached configuration from freshly 
dispersed mPFC pyramidal neurons. Neurons were obtained from 
young (20 days old, 185 channels analyzed), periadolescent (40 days 
old, 71 channels analyzed) and adult rats (60 days old, 84 channels 
analyzed). There were found 3 major groups of channel currentsin 
tested neurons: (1) Ca++ dependent K+ channel currents; these channel 
currents when recorded in cell attached configuration expressed only 
outward conductance (150 pS); in inside out configuration they 
expressed also inward conductance when Ca++ ions applied to the 
cytoplasmatic side of the membrane; (2) large conductance leak chan-
nel currents showed outward (150 pS) and inward (150 pS) conduc-
tance in cell attached configuration; these channels were strongly 
mechanosensitive; (3) small conductance leak channel currents had 
outward and inward conductance about 30–40 pS. Each category of 
tested channel currents had similar properties biophysical properties  
in neurons obtained from rats of different age. Smaller proportion of 
Ca++ dependent K+ channel currents and larger proportion large con-
ductance leak channel currents were found in pyramidal neurons 
obtained from preadolescent rats comparing to young and adult rats 
(see table). 
 Supported by NN401584638 and NN401076537.

age 20 days 
old

40 days 
old

60 days 
old

n 185 71 84
Ca++ dependent K+ channel 
currents 

38.9% 12.7% 22.5%

large leak channel currents 38.9% 64.8% 55%
small leak channel currents 16,8% 18.3% 15%
other channels 5% 4.2% 7.5%
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10. Inhibition of the activity of Kv1.3 
channels in Human Jurkat T-cells by 
8-prenylnaringenin
Gąsiorowska J., Teisseyre A., Uryga A.,  
Michalak K.
Department of Biophysics, Wroclaw Medical University, 
Wroclaw, Poland

Voltage-gated potassium channels of Kv1.3 type are expressed 
in the plasma membrane of many cells. It has been shown that 
these channels are involved in proliferation of lymphocytes 
and other cell types including some cancer tissues. Blocking 
of Kv1.3 channels may inhibit cell proliferation at early phase 
of this process. In this study, the influence of 8-prenylnarin-
genin – a prenylated flavonoid isolated from common hop – on 
the activity of Kv1.3 channels in human leukemic Jurkat T cell 
line was investigated applying the “whole-cell” patch-clamp 
technique. 8-prenylnaringenin was identified as the most 
potent plant phytoestrogen, it may also modulate the processes 
of cancer cells proliferation, inflammation and angiogenesis. 
Application of 8-prenylnaringenin in the range from 2–7 µM 
reduced the current amplitude significantly in a dose-depen-
dent manner. The currents were blocked completely at 10 µM 
concentration. The inhibitory effect was reversible. It was 
accompanied by a significant acceleration of the currents’ 
inactivation rate without changing their activation rate. We 
suggest that 8-prenylnaringenin may block potassium chan-
nels via an “open channel block” mechanism.

11. Growth of potassium transport 
deficient Escherichia coli strains 
expressing potassium leaky mutants of the 
mechanosensitive channel MscS as a tool 
for investigation its structure-function 
relationship
Koprowski P., Kubalski A. 
Department of Cell Biology, Nencki Institute of Experimental 
Biology, PAS, Warsaw, Poland  

Previously, it was shown that expression of potassium chan-
nels in potassium transport deficient E. coli strains restores 
growth defect in low potassium media (<5 mM) and allows for 
isolation of mutations  that result in channel activation (1). 
Using similar principle we isolated potassium leaky mutants 
of mechanosensitve non-selective channel MscS (2) The muta-
tions that result in potassium leak could be grouped into two 

major categories: (i) mutations that cause channel to open 
easier (gain-of-function, GOF) located on the pore-forming 
helix (TM3); (ii) mutations that result in inactive channels 
(loss-of-function, LOF) located in peripheral crevices in 
between TM3 and peripheral helices TM1/2. It raises the ques-
tion whether potassium leak pathways are the same in GOF 
and LOF mutants. Here we present analysis of growth tem-
perature dependence of potassium transport deficient E. coli 
strains expressing GOF and LOF mutants that allows us to 
identify channel pore as a common pathway for both types of 
mutants. The results shed also new light on the gating princi-
ples of the MscS channel. 
(1) Sun S, Gan JH, Paynter JJ, Tucker SJ (2006) Physiol Genomics 
26: 1–7.
(2) Koprowski P, Grajkowski W, Isacoff EY, Kubalski A (2011) J 
Biol Chem 286: 877–888.

12. A hydrophobic residue in GABAA receptor 
ligand binding site strongly influences 
receptor gating
Szczot M.1, Kisiel M.1, Czyżewska M.M.1,  
Mozrzymas J.W.1,2

1Laboratory of Neuroscience, Department of Biophysics, Wrocław 
Medical University, Wrocław, Poland; 2Department of Animal 
Molecular Physiology, Institute of Zoology, Wroclaw University, 
Wroclaw, Poland

Despite broad knowledge on GABAA receptors (GABAARs) struc-
ture, the mechanism of ligand induced conformational transitions 
remains poorly understood. To address this issue we have exam-
ined the activity of a recombinant α1/β1/γ2 GABAAR with point 
mutation introduced at the ligand binding site. Currents were 
elicited by ultrafast GABA applications and measured using 
patch-clamp technique. We show that cystein mutation of single 
hydrophobic residue not only weakened the agonist binding but 
also abolished fast desensitization and slowed the onset of cur-
rents evoked by saturating GABA. Non-stationary variance analy-
sis showed that the mutation does not affect single channel con-
ductance, but reduces maximal open probability, further indicat-
ing a change in gating properties. Ratio of current amplitudes 
elicited by pentobarbital (which activates GABAAR by different 
pathway than GABA), and by GABA was higher for mutant recep-
tors, supporting interference with receptor gating. Our data show 
that the considered residue may strongly influence conforma-
tional transitions of GABAARs thus indicating this residue as a 
key element in transduction of free energy supplied by agonist 
binding to the conformational transitions.
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13. Presynaptic voltage facilitation of 
synaptic transmission between CA3–CA3 
pyramidal neurons
Białowąs A., Rama S., Zbili M., Fronzaroli-Molinières L., 
Ankri N., Carlier E., Debanne D.
INSERM UMR 1072 Unité de Neurobiologie des canaux Ioniques 
et de la Synapse (UNIS), Aix-Marseille Université, Faculté de 
Médecine – campus Nord, Marseille, France

Synaptic transmission in the brain generally depends on 
action potentials. However, subthreshold variation in presyn-
aptic membrane potential also determines spike-evoked trans-
mission. We show here that excitatory synaptic transmission at 
CA3–CA3 connections depends on the membrane potential of 
the presynaptic neuron. Connected CA3 pyramidal neurons 
were recorded and synaptic transmission was tested when the 
presynaptic neurone was held at −61 mV, −77 mV or −48 mV. 
The presynaptic voltage facilitation (PVF) of synaptic trans-
mission quantified by normalizing the postsynaptic responses 
obtained at −48 mV to those measured at −77 mV amounted to 
135 ± 14% (n=13). PVF was associated with a decrease in the 
paired-pulse ratio and was totally occluded by bath application 
of the Kv1 channel blocker dendrotoxin (DTX). Using confo-
cal laser scanning microscopy, we measured calcium tran-
sients evoked by the propagated spike in axons (50–250 µm 
from the soma) of CA3 neurons loaded with Fluo-4. 
Depolarization of the cell body from −75 to −50 mV enhanced 
spike-evoked calcium transients by ~17%. We conclude that 
PVF is a short-term plasticity at excitatory CA3–CA3 syn-
apses resulting from the increase in spike-evoked calcium 
transients in the axon caused by voltage-inactivation of Kv1 
channels.

14. Dissecting activity of individual cell 
populations with Kernel Current Source 
Density method and Independent Components 
Analysis
Wójcik D.K., Potworowski J., Głąbska H., Łęski S. 
Department of Neurophysiology, Nencki Institute of Experimental 
Biology PAS,Warsaw, Poland

Local field potentials (LFP), the low-frequency part of extra-
cellular electric potential, reflect dendritic processing of syn-
aptic inputs to neuronal populations. Today one can easily 
record simultaneous potentials from multiple contacts. Due to 
the nature of electric field each electrode may record activity 
of sources millimeters away which leads to significant corre-
lations between signals and complicates their analysis. 
Whenever possible it is convenient to estimate the current 

source density (CSD), the volume density of net transmem-
brane currents, which generate the LFP. CSD directly reflects 
the local neural activity and CSD analysis is often used to 
analyze LFP. We present here a general, nonparametric meth-
od for CSD estimation based on kernel techniques, which can 
take into account known anatomy or physiology of the studied 
structure. Using data from a simulated large scale model of 
thalamo-cortical column we also show how CSD analysis 
combined with independent component analysis (ICA) can 
reveal information on activity of individual cell populations. 
Research supported by grants 5428/B/P01/2010/39, POIG.02.03.00-
00-003/09, POIG.02.03.00-00-018/08.

15. Glutamatergically-induced theta 
oscillations recorded in both in vitro and  
in vivo maintained posterior hypothalamic 
preparations
Kowalczyk T., Bocian R., Caban B., Gołębiewski H., 
Kaźmierska P., Konopacki J.
Department of Neurobiology, University of Lodz, Lodz, Poland

Theta rhythm is the best synchronized EEG activity recorded 
from the mammalian brain. In rodents this EEG pattern con-
sists of high-voltage, almost sinusoidal oscillations in the 
range of 3–12 Hz. Hippocampal formation (HPC) is consid-
ered to be the main structure involved in the generation of this 
activity. Anatomical and electrophysiological studies have 
revealed that the ascending brainstem hippocampal synchro-
nizing pathway, which originates in pontine region, consti-
tutes a major source of extensive inputs to the HPC. Fibres 
from pontine nuclei ascend to the posterior hypothalamic (PH) 
area and then PH neurons projects to medial septal area. There 
are evidences from physiological and pharmacological studies 
supporting the view that the PH region forms a critical part of 
the ascending synchronizing pathway linking the rostral pon-
tine region with the septo-hippocampal pathways. In our pre-
vious studies we have demonstrated that posterior hypotha-
lamic region was able to generate the cholinergically-induced 
type 2 theta rhythm in both in vitro and in vivo conditions. The 
purpose of the present study was to evoke theta-band oscilla-
tions in PH area using the glutamatergic agonist – kainic acid. 
We have shown that application of kainic acid resulted in the 
generation of well-synchronized theta activity in PH slices 
maintained in vitro as well as enhancement of spontaneous 
theta recorded from posterior hypothalamic region of anaes-
thetized rat. Mechanisms underlying the generation of gluta-
matergically-induced theta oscillations in both in vitro and in 
vivo posterior hypothalamus are discussed. 
Supported by NCN grant no. 2011/01/B/NZ4/00373.
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16. Pharmacological and 
electrophysiological profile of theta 
activity recorded form the posterior 
hypothalamus in anesthetized rats
Bocian R., Kowalczyk T., Gołębiewski H.,  Kaźmierska P., 
Konopacki J.
Department of Neurobiology, University of Łódź, Łódź, Poland

Theta rhythm is the largest, most prominent and best synchronized 
rhythmical waveform generated by the mammalian brain. Commonly, 
theta activity has been associated with hippocampal formation (HPC). 
Pharmacological and behavioral studies have shown that there were 
two distinct types of hippocampal theta activity in rodents. The first 
type (type 1) occurs during voluntary motor behavior and is atropine-
resistant. The second one (type 2) occurs during immobility and is 
atropine-sensitive. Interestingly, a number of in vitro reports have 
revealed that HPC is not the only limbic cortical region involved in the 
production of theta activity. Theta oscillations have also been recorded 
from the entorhinal and cingulate cortex in freely behaving or anes-
thetized rats. In our recent studies we provided for the first time, evi-
dences that atropine-sensitive theta rhythm could be recorded also 
from posterior hypothalamic (PH) region. Current research has been 
devoted to determining the pharmacological and electrophysiological 
profile of PH theta. In separate experiments the effects of carbachol 
(0.5 µg/µl) and orexin B (0.2 µg/µl) administrations were examined. 
Microinjection of cholinergic agonist (carbachol) into PH induced 
well-synchronized theta with increased amplitude and power. 
However, the local injection of orexin B did not affect PH rhythmic 
activity. These results confirm cholinergic nature of posterior hypo-
thalamic theta in anesthetized rats. 
Supported by NCN grant no. 2011/01/B/NZ4/00373.

17. Reciprocal inhibition and slow calcium 
decay in recurrent thalamic interneurons 
explain changes in spontaneous firing of 
thalamic relay cells after cortical 
inactivation
Rogala J., Waleszczyk W.J., Łęski S., Wróbel A., Wójcik D.K.
Department of Neurophysiology, Nencki Institute of Experimental 
Biology PAS, Warsaw, Poland

Most of recent studies of the role of cortical feedback in thalamo-
cortical loop focused on its effect on thalamo-cortical relay (TCR) 
cells of the dorsal lateral geniculate nucleus (LGN). In a previous, 
physiological study we showed in cat visual system that cessation of 
cortical input decreased spontaneous activity of TCR cells and 
increased spontaneous firing of recurrent inhibitory interneurons 
located in the perigeniculate neucleus (PGN). To identify underlying 
mechanisms we studied several networks of point neurons with varied 

membrane properties, synaptic weights and axonal delays in NEURON 
simulator. We considered six network topologies. All models were 
robust against changes of axonal delays except for the delay between 
LGN feed-forward (f-f) interneuron and TCR cell. The best represen-
tation of physiological results gave models including reciprocally 
connected PGN cells driven by the cortex assuming slow decay of 
intracellular calcium. This indicates that thalamic reticular nucleus 
plays an essential role in the cortical influence over thalamo-cortical 
relay cells while the thalamic f-f interneurons are not essential in this 
process. The models revealed also that dependence of the PGN activ-
ity on the rate of calcium removal can be one of the key factors deter-
mining TCR response to diminished cortical input.

18. Stimulus dependent oscillations in 
visually evoked activity of cat’s superior 
colliculus
Foik A.1, Silva A.1, Wypych M. 1, Mochol G.1,2, Waleszczyk W.J.1

1Department of Neurophysiology, Nencki Institute of 
Experimental Biology, Warsaw, Poland; 2Institut d’Investigacions 
Biomèdiques August Pi I Sunyer (IDIBAPS), Barcelona, Spain

Visual information is transferred from retina to higher order cortical 
areas by few parallel pathways and encoded in different ways. In this 
study, we focused on encoding of visual information in the superior 
colliculus, which is the first stage of extrageniculate pathway. One of 
ways in which neurons encode information is rate coding based on the 
change in a number of action potentials in response to stimulus pre-
sentation. The other coding scheme is temporal coding, which include 
information about temporal patterns of neuronal spiking, present, for 
example, in the form of oscillations. The aim of this study was to 
reveal the presence of stimulus dependent oscillations in visually 
evoked activity of neurons in the superficial layers of the cat’s supe-
rior colliculus. Neuronal activity was recorded from anesthetized 
(isoflurane in N2O/O2) animals during visual stimulation by spot of 
light moving in broad range of velocities as well as during  presenta-
tion of light spot flashing in random locations within the receptive 
field of recorded neuron. Oscillations were identified by means of 
auto-correlation and spectral analyses. We found stimulus dependent 
oscillations in half of tested neurons. Moreover, oscillatory activity 
appeared to depend on the stimulus velocity. Different measures of 
oscillations strength (SO), such as z-score, oscillation score or 
F-statistics revealed positive correlation between SO and velocity. 
Stimulus dependent oscillations appeared also in responses to onset of 
the light spot. These results suggest importance of oscillations for 
processing of information about fast changes within receptive fields of 
neurons in the extrageniculate pathway. Supposedly presence of oscil-
lations in responses of collicular cells can increase probability of 
information transfer to higher level of visual processing. 
Supported by NCN grant N N303 820640.
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19. The effects of stress on synaptic 
transmission and plasticity in rat frontal 
cortex 
Bobula B.1, Wabno J.1, Tokarski K.1, Gądek-Michalska A.1, 
Hess G.1,2

1Institute of Pharmacology, Polish Academy of Sciences, Kraków, 
Poland; 2Institute of Zoology, Jagiellonian University, Kraków, 
Poland

Chronic stress and elevated level of corticosterone have been 
implicated in a variety of pathophysiological processes including 
mood disorders. A growing body of evidence links cognitive 
dysfunctions with abnormalities of excitatory transmission in 
the brain. We studied glutamatergic transmission and synaptic 
plasticity in the frontal cortex after exposure of rats to two dif-
ferent types of stress: crowding and restraint. Additionally, 
repeated corticosterone administration was employed as a model 
of non-adaptive stress. Electrophysiological experiments were 
performed on ex vivo frontal cortical slices prepared 24 h after 
last stress session. In slices originating from stressed and corti-
costerone-treated animals the amplitude of extracellular field 
potentials recorded in cortical layer II/III was increased and the 
magnitude of long-term potentiation (LTP) was decreased. 
Whole-cell recoding from layer II/III pyramidal neurons demon-
strated corticosterone treatment-induced increase in the fre-
quency of spontaneous excitatory postsynaptic currents (sEP-
SCs). These data point to an enhancement of excitatory transmis-
sion in the frontal cortex resulting from an increased glutamate 
release as a common effect of different types of stress. 
Support: grant POIG 01.01.02-12-004/09-00 from the European 
Regional Development Fund

20. Neonatal maternal separation attenuates 
LTP in cortical and thalamic inputs to 
lateral amygdala of the rat
Danielewicz J.1, Hess G.1,2

1Institute of Zoology, Jagiellonian University, Krakow, Poland; 
2Institute of Pharmacology, Polish Academy of Sciences, Krakow, 
Poland

Maternal separation (MS) procedure is an experimental para-
digm for studying disturbances in brain functions that result 
from adverse events occurring during development. However, 
the effects of early life stress on synaptic plasticity in the 
amygdala of adolescent animals are poorly understood. This 
study investigated the effects of MS on LTP in the cortical 
(CoI) and the thalamic input (ThI) to the lateral amygdala 
(LA) of rats. Wistar dams with their offspring were housed 
under 12:12 L/D conditions. On each postnatal day (PND) 

1–21 rats were subjected to MS (3h/day). For electrophysiolog-
ical ex vivo experiments rats between PND 35 and PND 55 
were used. The animals were anesthetized and brain slices 
containing LA (450 µm) were cut. Field potentials (FPs) were 
evoked by the stimulation of CoI or ThI to LA. LTP was 
induced using theta-burst stimulation protocol. In slices pre-
pared from control, animal facility reared (AFR) rats, the 
amplitude of FPs after LTP induction in CoI amounted 185.9 ± 
17.04. In slices obtained from MS-subjected rats LTP in the 
cortical input was weaker (117.7 ± 7.7%). Amplitude of FPs 
after LTP induction in ThI, amounted 128.99 ± 9.47%, while 
in MS-subjected rats amplitude of FPs recorded after LTP 
induction amounted 110.41 ± 8.91%. These results demon-
strate that MS impairs LTP in the cortical and in the thalamic 
input to LA.

21. Restraint stress enhances excitatory but 
not inhibitory synaptic transmission in the 
paraventricular hypothalamic nucleus of 
the rat 
Kusek M.,1 Tokarski K.,1 Bobula B.,1 Gądek-Michalska A.,1 
Hess G.1,2

1 Institute of Pharmacology, Polish Academy of Sciences, Kraków, 
Poland; 2Institute of Zoology, Jagiellonian University, Kraków, 
Poland

The paraventricular nucleus of the hypothalamus (PVN) is 
the main regulatory center of the hypothalamic-pituitary-ad-
renal (HPA) axis. One important function of PVN neurose-
cretory neurons is the release of corticotropin releasing hor-
mone (CRH) to the pituitary gland. This study was aimed at 
establishing the effects of restraint stress on GABAergic and 
glutamatergic inputs to parvocellular neurons of the PVN. 
Male adult rats were subjected to restraint in metal tubes last-
ing for 10 min, 2 times daily (repeated for 3 consecutive 
days). Whole-cell recording were performed from parvocel-
lular neurons. Spontaneous inhibitory postsynaptic currents 
(sIPSCs) were recorded from cells which were voltage 
clamped at 0 mV and spontaneous excitatory postsynaptic 
currents (sEPSCs) were recorded at −76 mV. The amplitude 
and the frequency of sIPSCs and sEPSCs were measured. 
Restraint stress resulted in an increase in the frequency of 
sEPSCs while the amplitude of sEPSCs was not altered. Also 
the parameters characterizing sIPSCs remained unaltered. 
Thus, restraint stress selectively enhances excitatory input to 
the paraventricular nucleus of the rat, most likely via a pre-
synaptic mechanism.
Support: POIG 01.01.02-12-004/09-00 awarded by the European 
Regional Development Fund
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22. Fine-tuned MMP-9 activity level is a 
permissive factor for induction and 
maintenance of LTP in hippocampal mossy 
fiber-CA3 pathway
Wiera G.1,2, Dzięgiel P.2, Kaczmarek L.3, Mozrzymas J.W.1,2

1Wroclaw Medical University, 2Wroclaw University, Wroclaw, 
Poland; 3Nencki Institute of Experimentak Biology PAS, Warsaw, 
Poland

Matrix metalloproteinases have been implicated in physiolog-
ical and pathological functions of neuronal networks. To get 
an insight into the specific role of protease MMP-9 in the 
plasticity of the mossy fiber-CA3 pathway (mf-CA3), we used 
field recordings to measure LTP in slices from wild type, 
MMP-9 KO and overexpressing (OVX) animals. Both lack of 
protease (KO) and its overexpression impaired the early and 
maintenance phase of mf-CA3 LTP (128% vs. 181% of respec-
tive baseline in KO and WT mice; and 136% vs. 189% in OVX 
and WT rats respectively, P<0.05). Importantly, impaired LTP 
in transgenic rodents could be rescued by administration of 
recombinant MMP-9 to the KO slices (152% of respective 
baseline). Moreover, autoactive MMP-9 protein application 
induced a stable autopotentiation of synaptic response in KO 
and WT mice. β-dystroglycan is a synaptic membrane protein 
and its MMP-mediated cleavage has been described during 
pathological, epileptic activity. In mf-CA3 pathway we 
observed a MMP-dependent significant decrease in 30 kDa 
β-dystroglycan digestion product as early as 5 minutes after 
LTP induction. Altogether, these results suggest that in mf-
CA3 pathway during first minutes after tetanus fine-tuned 
level of MMP-9 activity acts as a permissive factor for LTP 
establishment. 
Supported by Polish Ministry for Science and Higher Education 
grant N N401 541540.

23. Matrix metalloproteases regulate the 
extent of synaptic plasticity and spike 
potentiation in hippocampal CA3 
associational network
Wójtowicz T., Mozrzymas J.W.
Laboratory of Neuroscience, Department of Biophysics, Wroclaw 
Medical University, Wroclaw, Poland

Matrix metalloproteinases (MMPs) activity support spatial 
and associative learning in vivo however the underlying 
mechanisms are poorly understood. It has been shown that 
MMPs inhibition impairs the maintenance of long-term poten-
tiation (LTP) in hippocampal Sch-CA1 synapses and in mf-
CA3 pathways. However, it is not known whether MMPs 

activity inf luences the scaling of postsynaptic neuronal 
responses (population spikes, PS) typically associated with 
synaptic LTP. Therefore, we investigated the plasticity of 
evoked synaptic transmission (input) and resulting PS (output) 
in CA3 associative network by simultaneous double electrode 
extracellular field potentials recording. We found that high-
frequency-induced (4 × 100 Hz) LTP of EPSPs and PS was 
significantly impaired in the presence of broad spectrum 
MMPs inhibitor FN439 while the EPSP-to-Spike (E-S) curves 
were right-shifted indicating that less neurons were recruited 
to fire for a given input. Additionally, these effects could be 
mimicked by application of MMP-3 inhibitor (NNGH). MMPs 
inhibitors did not affect input–output function of the CA3 
neurons or various forms of short term-plasticity. In conclu-
sion, MMPs and particularly MMP-3 may play an important 
role in the maintenance of E-S potentiation in the CA3 net-
work and thereby may regulate formation of memory traces in 
this hippocampal region. 
Supported by IP2010_047870 grant.

24. The magnitude of the movement-related 
cortical potentials during fast and slow 
voluntary knee extensor deactivation
Kisiel-Sajewicz K.1,2, Siemionow V.2,3, Zhang L.D.2, Mencel J. 1, 
Yue G.H.2,3,4, Jaskólska A.1, Jaskólski A.1

1Department of Kinesiology, Faculty of Physiotherapy, University 
School of Physical Education, Wrocław, Poland; Departments of 
2Biomedical Engineering and 3Physical Medicine and 
Rehabilitation, Cleveland Clinic, Cleveland, OH, USA; 4Kessler 
Foundation Research Center, West Orange, NJ, USA

The aim of the study was to learn cortical signal characteris-
tics for controlling voluntary deactivation of human skeletal 
muscles with different speeds. This study investigated wheth-
er MRCP measures for fast knee extensor (KE) deactivation 
were different from those for slow deactivation. Twenty-seven 
healthy volunteers (22.4 ± 4.5 years) participated in the study. 
They performed isometric KE contractions [2 sets (slow and 
fast) of 45 trials] using the right leg at a target level of 20% 
maximal voluntary contraction (MVC) force. In each trial, 
subjects held the force at the target for 10s after reaching it and 
then relaxed the force slowly (rate of force descending ~4% 
MVC/s) or as quick as possible to the baseline during fast set. 
Cortical signals for deactivating the muscles were quantified 
by estimating amplitude of the MRCP derived by force-trig-
gered averaging of the 45-trial EEG data. Mapping of the 
MRCP based on data of the 128 channels was obtained to 
evaluate distribution of brain activity associated with slow and 
fast KE deactivation. MRCP controlling KE deactivation was 
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significantly higher for fast than slow deactivation (P<0.05). A 
higher level of cortical activation is required for controlling 
fast muscles deactivation. These findings indicated that con-
trol of KE deactivation at the cortical level is modulated by a 
rate of force decrease. This could be related to a varied impact 
of feedback and feedforward mechanisms during slow and fast 
deactivation and this may result in differential corticospinal 
projections to the motoneuron pools of the synergist and 
antagonist muscles during both conditions. 
This work was supported in part by NIH 1T32 AR050959 and R01 
NS 35130 grants, and Ministry of Science and Higher Education, 
Republic of Poland 10/MOB/2007/0 grant.

25. Desynchronization of alpha rhythm in 
motor imagery task after a kinesthetic 
training
Zapała D., Zabielska E., Cudo A., Krzysztofiak A., Francuz P.
Department of Experimental Psychology, Faculty of Social Sciences, 
The John Paul II Catholic University of Lublin, Lublin, Poland

Is has been shown that motor kinesthetic imagery in contrast 
to motor visual imagery  serves better to control brain-com-
puter interfaces which relay on ERD/ERS patterns. However 
many people still have problems with producing an adequate 
brain activity pattern and some of them are not familiar with 
kinesthetic motor imagery concept. The possible way to over-
come this problem is by training of motor skills. Subject’s 
concentration on kinesthetic feelings may help in acquiring a 
better control of ERD/ERS patterns. To address this issue we 
replicated the experimental procedure for hand motor imagery 
task proposed by Hwang et al. (2009) but with modified train-
ing protocol. In the original study the neurofeedback-based 
training was used. We propose a physical hand training during 
which concentration on kinesthetic feelings is emphasized. 
The purpose of the experiment was to determine whether after 
a physical training focused on a kinesthetic experience of 
hand movement a significant differences in ERD/ERS pat-
terns can be found. Ten healthy, right-handed males performed 

hand movement imagery task. The EEG data was recorded 
twice, once before and once after the physical training of hand 
movements focused on kinesthetic experience.
Hwang H, Kwom K, Im Ch-H (2009) Neurofeedback-based motor 
imagery training for brain–computer interface. J Neurosci 
Methods 179: 150–156.

26. Brain bioelectrical activity stimulated 
by Neurofeedback EEG static training in 
experiencing the state of readiness for 
sport activity
Mikicin M., Kowalczyk M.
Interfaculty Laboratory of Neuropsychophysiology, University of 
Physical Education in Warsaw, Warsaw, Poland

The authors attempted to assess the brain activity in athletes 
and the related mental states. The study was based on a 
Neurofeedback EEG (NEEG) static training with respect to 
what is termed the state of readiness for sport activity. The 
QEEG method (mapping, EEG) was used to analyse changes 
in brain bioelectrical action potential which remain in close 
temporal relation to particular events e.g. relax, concentration. 
The participants were athletes. In addition to sport training, 
the subjects (25 people) participated in 20 NEEG static train-
ing sessions aided with audiovisual brain stimulation (alpha). 
The results obtained for individual brain areas before and after 
20 static training sessions showed that the activity of neurones 
was elevated in the visual and auditory areas, whereas it 
decreased in the motor area, and, what is worth emphasizing, 
the alpha activity was rising in general. Neurone activity in 
other brain areas was at similar levels before and after training 
sessions. Conclusion: NEEG static training excites bioelectri-
cal activity of the brain in the area involved in perception from 
the stimulated senses, silences the non-involved areas and 
intensifies the state of relax (alpha). We find this training use-
ful as a particular form of stimulation and control of mind, 
both in sport and in other domains of life. 
Research Project (Grant) PB – 76 MNiSW.
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