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14TH OCTOBER, 2022 
INSTITUTE OF PSYCHOLOGY OF JAGIELLONIAN UNIVERSITY

	 Workshop I – Room 2.15
	 DeepLabCut by Jessy Lauer
	 (Swiss Federal Institute of Technology, Lausanne, Switzerland & Harvard University, USA)

	 Workshop II – Room 2.12
	 Multimodal recordings: an insight into combining EEG with eye tracking and other research methods
	 sponsored by Brain Products Academy and Elmiko Biosignals

15TH OCTOBER, 2022 
AUDITORIUM MAXIMUM, JAGIELLONIAN UNIVERSITY

9:00–10:10	 Opening Ceremony – Large hall A
	 Vice Rector for University Development, Jagiellonian University
	 prof. Jarosław Górniak
	 Vice-Dean for Science and International Relations, Faculty of Biology, Jagiellonian University
	 prof. Magdalena Chadzińska

	 Keynote lecture – Large hall A
	 Childhood physical activity effects on brain health and cognition
	 Speaker: Charles Hillman (Department of Psychology, Department of Physical Therapy, Movement, 

and Rehabilitation Sciences, Northeastern University, USA)

10:10–10:45	 Flashtalks – Large hall A

10:45–11:15	 Coffee Break

11:15–13:15 	 Special Biological Session I – Large hall A
	 Astrocytes
	 Speakers: Alexei Verkhratsky, Mykhailo Batiuk, Dmitri Rusakov, Olena Bukalo

	 Cognitive Session I – Large hall B
	 How does exercise benefit cognition and emotion?
	 Speakers: Irene Estaban‑Cornejo, Tomasz Ligęza, Dominika Pindus, Angelika Maurer

13:15–13:45	 Lunch

13:45–15:00	 Poster Session I – Exhibition room

15:00–16:00	 Keynote lecture – Large hall A
	 From a demand‑based to a supply‑limited view of brain energetics
	 Speaker: Suzana Herculano‑Houzel (Department of Psychology and Biological Sciences, Vanderbilt University, USA)

PROGRAMME



Acta Neurobiol Exp 2022, 82: I–CIV Programme V

16:00–17:30	 Biological Session II – Large hall A
	 Basic Neuroscience
	 Speakers: Aleksandra Pękowska, Katarzyna Ciuba, Michael Gabriel, Joanna Danielewicz

	 Cognitive Session II – Large hall B
	 Emotional processing in modern neuroscience – from human‑rat dyads to VR devices
	 Speakers: Magdalena Pietruch, Malwina Ankiewicz, Jan Argasiński, Anna Kaźmierowska, Ingrida Zelionkaite

	 Medical Session I – Medium hall A
	 Biomarkers of Neurodegeneration
	 Speakers: Kaj Blennow, Fernando Gonzalez‑Ortiz, Przemysław Kac, Patrycja Dzianok

17:30–18:00	 Coffee Break

18:00–19:00	 Keynote lecture – Large hall A
	 The cinematic brain: Mapping the human emotion circuits with motion pictures
	 Speaker: Lauri Nummenmaa (Human Emotion Systems Laboratory at Turku PET Centre, Finland)

19:00–	 Welcome Reception

16TH OCTOBER, 2022 
AUDITORIUM MAXIMUM, JAGIELLONIAN UNIVERSITY

7:00–8:00	 Run for your brain!  
Parking lot in front of the Institute of Psychology of the Jagiellonian University,  
6 Ingardena Street

	 Neu‑run‑us 

9:00–10:00	 Keynote lecture – Large hall A
	 Routes to enhance stress resilience: Manipulation of genes or environment?
	 Speaker: Mathias Schmidt (Max Planck Institute of Psychiatry, Munich, Germany)

10:00–11:30	 Biological Session III – Large hall A
	 Neural substrates of affective behavior
	 Speakers: Marcelina Olga Węzik, Natalia Roszkowska, Olga Gulka, Karolina Protokowicz, Patryk Sambak

	 Cognitive Session III – Large hall B
	 Approaches to increase replicability in neuroscience – lessons learned from consortia, 

many analysts and cooperative data collection
	 Speakers: Sven Mueller, Katharina Paul, Elena Cesnaite, Vanja Kovic

	 Biological Session IV – Medium hall A
	 Markers of Aging
	 Speakers: Urszula Wojda, Natalia Pudełko‑Malik, Anna Mietelska‑Porowska, Gregory Petrazzo

11:30–12:00	 Coffee Break
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12:00–13:30 	 Biological Session V – Large hall A
	 Advanced neurotechnologies for brain activity monitoring and modulation
	 Speakers: Richárd Fiáth, Csaba Horváth, Zsófia Lantos, Kirti Sharma

	 Cognitive Session IV – Large hall B
	 Plastic brain and language – adaptive changes of neural networks 
	 Speakers: Aleksandra Herman, Marta Wójcik, Agata Wolna, Jonas Walther, Anna Stróż

	 Medical Session II – Medium hall A
	 Translational Neuropsychiatry 
	 Speakers: Ali Jawaid, Weronika Tomaszewska, Kinga Farkas, Katarzyna Hryniewiecka,  

Suelen Baggio, Sabina Podlewska

13:30–14:00	 Lunch

14:00–15:15	 Poster Session II – Exhibition hall

15:15–17:00	 Biological Session VI – Large hall A
	 Systems Neuroscience of Sensory Processing 
	 Speakers: Flavio Donato, Bartosz Zglinicki, Magdalena Sabat, Maciej Kania, Marek Brodzki 

	 Cognitive Session V – Large hall B
	 Neuroimaging of the reading brain
	 Speakers: Milene Bonte, Katarzyna Chyl, Agnieszka Dębska, Agnieszka Glica, Katarzyna Wasilewska

	 Computational Session I – Medium hall A
	 New methods in MRI
	 Speakers: Rita Nunes, Michał Rafał Zaręba, Dominika Ciupek, Marcin Sińczuk, Alaa Alghanimy

17:00–17:30	 Coffee Break

17:30–18:30	 Keynote lecture – Large hall A
	 Fish feelings: Motivational internal states in larval zebrafish
	 Speaker: Florian Engert (Department of Molecular and Cellular Biology,  

Center for Brain Science, Harvard University, USA)

20:30–	 Neuronus Party

17TH OCTOBER, 2022 
AUDITORIUM MAXIMUM, JAGIELLONIAN UNIVERSITY

9:00–10:00	 Keynote lecture – Large hall A
	 Diversity of oxytocin circuits modulating distinct socio‑emotional behaviors
	 Speaker: Valery Grinevich (Central Institute of Mental Health, University of Heidelberg, Germany)
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10:00–11:30	 Biological Session VII – Large hall A
	 Hypothalamic control of behavior
	 Speakers: Frank Meye, Karolina Hajdukiewicz, Emilia Gawron, Alan Kania

	 Cognitive Session VI – Large hall B
	 Search for neural biomarkers of aware consciousness
	 Speakers: Ilona Kotlewska, Łucja Doradzińska, Karolina Golec, Julia Papiernik, Klaudia Krystecka

	 Medical Session III – Medium hall A
	 Novel targets in retinal ganglion cell neuroprotection 
	 Speakers: Marialaura Amadio, Piotr Rodak, Joanna Machowicz, Anna Pacwa

11:30–12:00	 Coffee Break

12:00–13:30 	 Biological Session VIII – Large hall A
	 Mitochondrial dysfunctions in neurological disorders
	 Speakers: Alessandro Prigione, Sinéad A. O’Sullivan, Aleksandra Stawikowska, Carla Ramon

	 Cognitive Session VII – Large hall B
	 Pupillometry: Getting information in the glimpse of an eye
	 Speakers: Alexandre Zénon, Beaupoil Laurent, Bartłomiej Król‑Józaga, Monika Riegel, Jakub Cacek

13:30–14:00	 Lunch

14:00–15:15	 Poster Session III – Exhibition hall

15:15–16:30	 Biological Session IX – Large hall A
	 Blood‑brain barrier 
	 Speakers: Aleksandra Rutkowska, Fionä Caratis, Jakub Jurczyk, Ewelina Czuba 

	 Cognitive Session VIII – Large hall B
	 Specificity of language network in the contingentally blind brain
	 Speakers: Maksymilian Korczyk, Marta Urbaniak, Dominika Radziun, Łukasz Bola, Jacek Matuszewski

	 Computational Session II – Medium hall A
	 Novel methods in EEG
	 Speakers: Joanna Duda‑Goławska, Piotr Biegański, Anna Grabowska, Nikodem Hryniewicz, Sandra Frycz

16:30–17:00	 Coffee Break

17:00–18:00	 Keynote lecture – Large hall A
	 Built to learn: Insights into nature and nurture from studies with people born blind 

and cultural expertise
	 Speaker: Marina Bedny (Department of Psychological and Brain Sciences, Johns Hopkins University, USA)

18:00–18:15	 Awards & Closing Ceremony – Large hall A
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KEYNOTE SPEAKERS 

THE CINEMATIC BRAIN: MAPPING THE HUMAN 
EMOTION CIRCUITS WITH MOTION PICTURES
Lauri Nummenmaa
Human Emotion Systems Laboratory at Turku PET Centre, Finland 

Emotions promote our well‑being in survival‑salient 
situations. They are triggered by biologically relevant 
signals such as threats and physical harm or rewards in-
cluding food consumption or social interaction. Yet, also 
abstract and “simulated” pleasures and threats such as 
love stories, misfortunes, and tragedies shown in films 
can trigger powerful emotions in the viewers. In my talk I 
present an overview on brain mechanisms supporting hu-
man emotions and show how we can use cinema for simu-
lating real life for studying the emotional brain. I present 
data from our laboratory showing how viewing emotions 
in films makes individuals to “tune in” with each other, 
and how specific neurotransmitter systems in the brain 
govern out vicarious experience of the emotions we see in 
movies. Finally, I discuss the origins of our captivation for 
strong, sometimes also distressing and unpleasant, emo-
tional movies. I propose that we are drawn to affective cin-
ema because it provides a safe simulation environment for 
preparing to meet actual emotional challenges in real life. 

FISH FEELINGS: MOTIVATIONAL INTERNAL 
STATES IN LARVAL ZEBRAFISH  
Florian Engert
Department of Molecular and Cellular Biology, Center for Brain Science, 
Harvard University, USA 

I will discuss how motivational states in larval zebraf-
ish can regulate specific switching between behavioral 
priorities. In the first part I will explain how the oxytocin 
system regulates and relays processing of aversive and 
noxious stimuli, and how this can be extended to states 
of social isolation. In the second part I will share our re-
sults on the role of hypothalamic serotonergic neurons in 
the regulation of hunger and its influence on switching 
between exploit vs explore strategies.

BUILT TO LEARN: INSIGHTS INTO NATURE AND 
NURTURE FROM STUDIES WITH PEOPLE BORN 
BLIND AND CULTURAL EXPERTISE 
Marina Bedny
Department of Psychological and Brain Sciences, Johns Hopkins University, USA 

Humans are unique among animals both in their 
advanced shared cognitive capabilities and in their re-

markable ability to adapt to diverse environments. 
Studies with people who are born blind provide insights 
into the biological and cognitive origins of the human 
flexibility/specificity sweet-spot. Contrary to the sup-
positions of early empiricist philosophers, blind and 
sighted people share rich ‘visual' knowledge, including 
knowledge of color. Such evidence is inconsistent with 
accounts of development that emphasize bottom up sen-
sory learning. Instead, blindness illustrates the power of 
uniquely human social, linguistic and inferential learn-
ing. On the other hand, evidence from blindness reveals 
the remarkable flexibility of the human brain. ‘Visual’ 
occipital cortices serve drastically different cognitive 
functions across sighted and congenitally blind people: 
visual perception in the sighted, higher-order cognition 
in people born blind. Visual cortex plasticity suggests 
‘wetware pluripotency’ at birth. Blindness is just one ex-
ample of the human brain adapting to change, support-
ing cultural inventions such as reading, math and com-
puter programming. There is no such thing as a ‘normal’ 
brain. Instead, we are born with a protobrain that is built 
to learn and adapt to our particular environment.

FROM A DEMAND‑BASED TO A SUPPLY‑LIMITED 
VIEW OF BRAIN ENERGETICS 
Suzana Herculano‑Houzel
Department of Psychology and Biological Sciences, Vanderbilt University, USA 

The brain is an expensive organ, which is usually at-
tributed to the energetic “needs” of the excitable neu-
ronal cells that compose it. This talk presents evidence 
that brain function should be considered differently: as 
an economy that is limited by the rate at which energy 
is supplied by the microvasculature, with implications 
for brain physiology, development, and evolution. 

ROUTES TO ENHANCE STRESS RESILIENCE: 
MANIPULATION OF GENES OR ENVIRONMENT?
Mathias V. Schmidt
Max Planck Institute of Psychiatry, Munich, Germany 

The increasing rate of stress‑related disorders, with 
mood disorders as major depression leading the way, and 
the social and well as economic consequences of these ill-
nesses represent a growing threat to our society. A dysreg-
ulation of the body’s main stress system, the hypothalam-
ic‑pituitary‑adrenal axis, is a major hallmark of depression, 
but so far no specific treatments tackling this mechanism 
are available. It seems clear that genetic predispositions 
interact with environmental demands such as chron-
ic stress and modulate the long‑term health outcome. In 
addition, there is abundant evidence that environmental 
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circumstances early in life are capable of shaping the adult 
phenotype. Here I will discuss two aspects that can shape 
stress resilience: genetic predisposition and experiences 
during early life. Firstly, I will focus on the co‑chaperone 
FK506‑binding protein 51 (FKBP51) as a very promising tar-
get molecule for new drug therapies, as it is highly linked 
to stress‑related human disorders, directly regulates stress 
hormone activity and metabolic disturbances. Secondly, 
I will address the influence of the early life environment 
on later stress resilience or vulnerability dependent on 
genetic background. Taken together, our results now pave 
the way for tailored and specific treatment strategies that 
could be beneficial for improving stress resilience in health 
and disease. 

DIVERSITY OF OXYTOCIN CIRCUITS MODULATING 
DISTINCT SOCIO‑EMOTIONAL BEHAVIORS
Valery Grinevich
Central Institute of Mental Health, University of Heidelberg, Germany 

Neuropeptides represent a  new class of non‑ca-
nonical neurotransmitters, which dramatically chal-
lenge a plethora behavioral and homeostatic functions. 
Among a hundred of identified neuropeptides, oxytocin 
remains the best studied molecule due to a great atten-
tion of the general public, basic neuroscience research-
ers, psychologists and psychiatrists based on its pro-
found pro‑social and anxiolytic effects. During the last 
decade, a substantial progress has been achieved in un-
derstanding the complex neurobiology of the brain oxy-
tocin system. However, the picture of oxytocin actions 
remains far from being complete, and the central ques-
tion remains: “How does a  single neuropeptide exert 
such pleiotropic actions?”. In this lecture, I will tackle 
this question, demonstrating the anatomical divergence 
of oxytocin neurons and their numerous central projec-
tions. In conjunction, I will describe unique composition 
of distinct oxytocin‑sensitive neurons in different brain 
regions, modulating distinct forms of behaviors. At the 
end, I will emphasize advantages and great potencies of 
oxytocin – in comparison to other neuropeptides – for 
its use for treatment of human mental disorders. 

CHILDHOOD PHYSICAL ACTIVITY EFFECTS 
ON BRAIN HEALTH AND COGNITION 
Charles Hillman
Department of Psychology, Department of Physical Therapy, Movement, 
And Rehabilitation Sciences, Northeastern University, USA 

There is a  growing public health burden of un-
healthy behaviors (e.g., physical inactivity, excessive 
energy intake) among children of industrialized na-

tions. Children have become increasingly inactive, 
leading to concomitant increases in the prevalence 
of being overweight and unfit. Poor physical activity 
behaviors during childhood often track throughout 
life and have implications for the prevalence of sev-
eral chronic diseases during adulthood. Particularly 
troubling is the absence of public health concern for 
the effect of physical inactivity on cognitive and brain 
health. It is curious that this has not emerged as a larg-
er societal issue, given its clear relation to childhood 
obesity and other health disorders that have captured 
public attention. My research program has investigated 
the relation of health behaviors (e.g., physical activi-
ty, exercise) and their related physiological correlates 
(e.g., aerobic fitness, adiposity) to cognitive and brain 
health in preadolescent children. My techniques of in-
vestigation involve a  combination of neuroimaging, 
behavioral assessments, and scholastic outcomes in an 
effort to translate basic laboratory findings into every-
day life. Central to this translational approach is the 
identification of etiological substrates of brain regions 
and networks that are susceptible to health behav-
iors. As such, the overarching goal of my research is 
to determine factors that improve cognition, maximize 
brain health, and promote the effective functioning of 
individuals as they progress through the lifespan. Find-
ings from my studies have indicated that greater aero-
bic fitness and healthy body mass are positively related 
to brain structure and function, cognition, and scholas-
tic achievement. Such discoveries are timely and im-
portant for public health concerns related to chronic 
disease prevention as a  function of childhood inactiv-
ity and obesity. These findings link pervasive societal 
concerns with brain health and cognition, and have 
implications for the educational environment and the 
context of learning. 

BIOLOGICAL SESSION 1

Astrocytes 

Symposium organizer: Michał Ślęzak  
(Łukasiewicz Research Network, PORT Polish  
Center for Technology Development, Poland)

PHYSIOLOGY OF ASTROGLIA
Alexej Verkhratsky
Faculty of Life Sciences, The University of Manchester, UK 

The integration and information processing in the 
brain occurs though close interactions of two cellular 
circuits represented by neuronal networks embedded 



X 12th Neuronus 2022 Neuroscience Forum Acta Neurobiol Exp 2022, 82: I–CIV

into internally connected astroglial syncytia. Our un-
derstanding of glial function changed dramatically 
over last two decades. This change concerns the whole 
concept of how the brain is organized, and how the 
development, life and death of neural circuits are con-
trolled. There is compelling evidence demonstrating 
that these are the astrocytes that are creating the com-
partmentalisation in the CNS, and these are the astro-
cytes that are able to integrate neurones, synapses, and 
brain capillaries into individual and relatively indepen-
dent units. Astroglial syncytia allow intercellular com-
munication routes, which permit translocation of ions, 
metabolic factors and second messengers. The result-
ing potential for parallel processing and integration is 
significant and might easily be larger, but also fuzzier, 
than the binary coded electrical communication with-
in the neuronal networks. The neuronal‑glial circuitry 
endowed with distinct signalling cascades, form a “dif-
fuse nervous net” suggested by Golgi, where millions of 
synapses belonging to very different neurones are inte-
grated first into neuronal‑glial‑vascular units and then 
into more complex structures connected through glial 
syncytia. These many levels of integration, both mor-
phological and functional, presented by neuronal‑glial 
circuitry ensure the spatial and temporal multiplica-
tion of brain cognitive power. 

ADAPTABLE ASTROGLIAL CONTROL 
OF EXCITATORY INTER‑SYNAPTIC 
CROSSTALK IN THE BRAIN 
Dmitri Rusakov
UCL Queen Square Institute of Neurology, University College London, UK 

Extrasynaptic actions of the excitatory neurotrans-
mitter glutamate are limited by high‑affinity trans-
porters expressed by perisynaptic astroglia. This helps 
maintain point‑to‑point transmission in excitatory cir-
cuits. Memory formation in the brain is associated with 
synaptic remodelling, but whether and how this affects 
perisynaptic astroglial processes (PAPs) and therefore 
extrasynaptic glutamate actions is poorly understood. 
We used a  battery of advanced imaging methods, in 
situ and in vivo, to find that a  classical synaptic mem-
ory mechanism, long‑term potentiation (LTP), triggers 
withdrawal of PAPs from potentiated synapses. Optical 
glutamate sensors combined with patch‑clamp and su-
per‑resolved 3D molecular localisation reveal that LTP 
induction in ex vivo brain slices thus prompts spatial 
retreat of astroglial glutamate transporters, boosting 
glutamate spillover and NMDA receptor‑mediated in-
ter‑synaptic cross‑talk. The LTP‑triggered PAP with-
drawal involves astroglial NKCC1 transporters and the 
actin‑controlling protein cofilin but does not depend 

on major Ca2+‑dependent cascades in astrocytes. We 
combine targeted viral transduction with multiplexed 
imaging in vivo to document a similar phenomenon un-
der the physiological LTP paradigm (rhythmic whisker 
stimulation) in the intact brain. Our results thus uncov-
er a mechanism by which a memory trace at one syn-
apse could alter signal handling in multiple neighbour-
ing connections by engaging use‑dependent plasticity 
of local astroglia.

ASTROCYTE HETEROGENEITY AT SINGLE 
CELL LEVEL – PHYSIOLOGICAL AND 
DEVELOPMENTAL IMPLICATIONS 
Mykhailo Batiuk
École Polytechnique Fédérale de Lausanne, Switzerland 

Astrocytes, one of the major cell types in the CNS, 
perform a variety of roles crucial for brain physiology, 
neuronal function and synaptic transmission. Despite 
multiple functions, morphological variability, and dis-
tinct anatomical locations, decades‑long assumptions 
stated that astrocytes are generally homogeneous 
cells. Although, this notion was often questioned in re-
cent years.

To investigate the true extent of astrocyte molec-
ular diversity across forebrain regions, we used sin-
gle‑cell RNA sequencing. Our analysis identified five 
transcriptionally distinct astrocyte subtypes in adult 
mouse cortex and hippocampus. In situ validation of 
our data revealed distinct spatial positioning of defined 
subtypes, reflecting the distribution of morphological-
ly and physiologically distinct astrocyte populations. 
Our findings revealed the complexity of astrocyte het-
erogeneity, and hinted towards developmental and tis-
sue micro‑environment factors as possible bases of as-
trocyte heterogeneity. 

FUNCTIONAL ROLES OF ASTROCYTE CALCIUM 
ELEVATIONS IN THE BASOLATERAL AMYGDALA 
Olena Bukalo
National Institute on Alcohol Abuse and Alcoholism, NIH, USA 

The ability to retrieve associations between envi-
ronmental stimuli and previously encountered threat 
represents a  fundamental form of memory crucial to 
survival. Recent studies suggest astrocytes support fear 
memory by modulating memory‑encoding neural cir-
cuits and neuronal engrams in cortical and limbic re-
gions. However, the precise mechanisms by which this 
occurs remain unknown. We monitored and manipulat-
ed astrocyte activity in vivo with fiber photometry in 
the basolateral amygdala (BLA), a  brain region critical 
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to the formation, retrieval, and extinction of fear mem-
ories. First, our data demonstrate that population BLA 
astrocyte Ca2+ activity signals the retrieval of a  cued 
threat memory then tracks the extinction‑induced shift 
from a  high to low fear state and subsequent return 
of high fear during context‑driven renewal. Next, we 
found that genetic manipulations aimed to reduce Ca2+ 
activity in astrocytes impair formation/retrieval of fear 
memory. To further dissociate the significance of astro-
cytic Ca2+ signaling in fear memory, we employed a che-
mogenetic manipulation by expressing viral constructs 
for hM3D(Gq)‑ or hM4D(Gi)‑coupled DREADD in BLA as-
trocytes. Systemic injection of the inert ligand clozap-
ine n‑oxide (CNO), prior to extinction training, have 
an opposite effect on freezing behavior. We found that 
freezing levels were markedly lower in hM3D‑, but high-
er in hM4D‑expressing animals as compared to mice ex-
pressing control viral construct, during early extinction 
trials, consistent with an impairment or improvement 
in fear memory retrieval. Using in vivo fiber photome-
try Ca2+ imaging during CNO application, we observed 
a  different dynamic of Ca2+ signal in astrocytes in 
hM3D‑ and hM4D‑expressing animals. Altogether, our 
data suggests that Ca2+ responses in astrocytes are not 
only tightly correlated with fear state, but also that BLA 
astrocyte Ca2+ activity is necessary for fear memory re-
trieval. Future studies will investigate how astrocytes 
are implicated in shaping neuronal networks in the 
amygdala during fear memory acquisition and retrieval.

Funding: Research supported by the NIAAA Intra-
mural Research Program. 
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Basic Neuroscience

REGULATORY GENOMICS OF 
ASTROCYTE EVOLUTION
Ciuba K.1, Piotrowska A.1, Chaudhury D.1, Dehingia B.1, Dunski E.1, 
Wójtowicz T.2, Włodarczyk J.2, Aleksandra Pękowska1

1Dioscuri Centre for Chromatin Biology and Epigenomics, Nencki Institute  
of Experimental Biology, Polish Academy of Sciences, Warsaw, Poland 
2Laboratory of Cell Biophysics, Nencki Institute of Experimental Biology, 
Polish Academy of Sciences, Warsaw, Poland

Astrocytes play an essential role in the maintenance 
of brain homeostasis. Virtually all neurological disor-
ders are related to astrocyte dysfunctions. Remarkably, 
astrocytes have changed profoundly during the evolu-
tion of the mammalian brain. Human brains feature at 
least four morphotypes of astrocytes, while only one is 
present in the mouse brain. Furthermore, the evolution 

of primate astrocytes led to an enhanced complexity of 
protoplasmic astrocyte arborization. Recent transcrip-
tomic comparisons of human, chimpanzee, and ma-
caque cortical cells suggest that astrocytes might have 
evolved faster than neuronal cells. Molecular bases, as 
well as the functional significance of these changes, re-
main vastly unexplored. We used induced pluripotent 
stem cells to obtain human, chimpanzee, and macaque 
astrocytes in vitro. In my presentation, I will summa-
rize our data highlighting the functional classes of 
genes significantly deregulated in human astrocytes 
compared to chimpanzees and macaque cells. I will 
discuss the relevance of these loci to human diseases. 
I will outline the gene and transcriptional regulatory 
network changes accompanying astrocyte evolution 
and give numerous examples of how human‑specific 
enhancer elements might account for the differences 
in gene expression levels in cells of our species. I will 
discuss the epigenetic signature of promoter elements 
in astrocyte evolution. Our data will help better under-
stand astrocytes’ implications in brain evolution and 
shed new light on the link between human‑specific 
gene expression and neurological disorders.

EVOLUTIONARY FEATURES  
OF HUMAN ASTROCYTES 
Katarzyna Ciuba*, Aleksandra Piotrowska,  
Eryk Duński, Debadeep Chaudhury,  
Bondita Dehingia, Aleksandra Pękowska 
Dioscuri Center for Chromatin Biology and Epigenomics, Nencki Institute  
of Experimental Biology, Polish Academy of Sciences, Warsaw, Poland 
*E‑mail: k.ciuba@nencki.edu.pl 

Cognitive ability of human brain is exceptional 
comparing to other species, including non‑human 
primates. However, its genetic basis remains one of 
the biggest unsolved questions of modern biology. To 
date, extensive research focused on neuronal cells. 
Yet, recent advancements in the field indicated the 
importance of astrocyte participation in regulation 
of neuronal plasticity and consequently cognitive 
processes. Importantly, astrocyte properties have 
changed remarkably throughout evolution. Human 
astrocytes are bigger and more complex than rodent 
ones, pointing to an evolutionary interplay between 
astrocyte properties and cognition. Nonetheless, ge-
netic and functional determinants of astrocyte biolo-
gy remain largely unknown. 

To identify evolutionary changes, driving hu-
man‑specific astrocyte expansion, we established an 
in vitro model of iAstrocytes (iPS‑derived astrocytes) 
from distinct primate species (H. sapiens, P. Troglo‑
dytes,  M. Mulatta). By combining molecular biolo-
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gy, high‑throughput genomics, including RNA‑Seq, 
ATAC‑Seq, ChIP‑Seq, and bioinformatic methods, we 
identified genes and gene regulatory elements fea-
turing differential activity between human and other 
primate species. We apply CRISPR/Cas9‑based meth-
ods to examine function of particular, human specif-
ic, up‑ or down‑regulated loci. This new data reveals 
human‑specific genes and epigenetic regulatory net-
works. Consequently, our results will be instrumental 
for understanding the nature of the contribution of 
evolutionary changes in astrocyte epigenome and hu-
man specific brain functions.

Funding: Dioscuri Grant. Dioscuri is a program ini-
tiated by the Max Planck Society, managed jointly with 
the National Science Centre (Poland) and mutually 
funded by the Polish Ministry of Science and Higher 
Education and the German Federal Ministry of Educa-
tion and Research.

CRISPR/CAS9‑MEDIATED ABLATION OF 
FULL‑LENGTH TCF7L2 ALTERS THALAMIC 
PHENOTYPE IN DEVELOPING MICE 
Michael Gabriel*, Marcin Lipiec, Joanna Bem,  
Kacper Posyniak, Marta Wiśniewska 
Laboratory of Molecular Neurobiology, Centre of New Technologies,  
University of Warsaw, Warsaw, Poland 
*E‑mail: m.gabriel@cent.uw.edu.pl 

The Wnt/β‑catenin pathway is an evolutionari-
ly conserved signalling pathway that regulates many 
biological processes during embryonic development. 
Transcription factor‑7 like 2 (TCF7L2) is an effector of 
the Wnt/β‑catenin signalling pathway that plays dif-
ferent roles in the development of the thalamus. We 
show that two groups of TCF7L2 isoforms are ubiqui-
tously expressed in the thalamus at different devel-
opmental stages: the full‑length (fl‑TCF7L2) and trun-
cated (dn‑TCF7L2) isoforms. Although these isoforms 
differ respectively by the presence and absence of the 
β‑catenin binding domain, studies have suggested that 
both of them act independently of β‑catenin. The dis-
tinct roles of these isoforms in thalamic development 
remain enigmatic. We used CRISPR/Cas9 technology 
to specifically knockout fl‑TCF7L2 by targeting exon 
2. The expression of the dn‑TCF7L2 isoform was pre-
served. We demonstrate that fl‑TCF7L2 is vital for cell 
sorting and boundary formation during early thalam-
ic development. We also show that fl‑TCF7L2 regulates 
the expression of sub‑regional thalamic markers high-
lighting its role in assigning thalamus‑specific features 
to neurons. However, the fl‑TCF7L2 knockout did not 
affect the guiding of thalamic axons into the ventral 
telencephalon. Overall, this study provides a robust un-

derstanding of the in vivo regulatory activities of fl‑TC-
F7L2 on the development of the thalamus.

Funding: This project is supported by the National 
Science Centre in Poland (Grant No. UMO‑2017/25/B/
NZ3/01665).

MATHEMATICAL AND EXPERIMENTAL 
UNDERSTANDING OF THE MECHANISMS 
ASSOCIATED WITH THE FLUID EXCITABILITY AND 
FLIPPING OF MATURATING GRANULE CELLS
Danielewicz J.1,2*, Girier G.2, Chizhov A.3,4, Desroches M.3, 
Encinas JM1,5,6, Rodrigues S.2,6 
1Achucarro Basque Center for Neuroscience, Leioa, Bizkaia, Spain, 2BCAM  
Basque Center for Applied Mathematics, Bilbao, Bizkaia, Spain, 3Inria Sophia 
Antipolis – Méditerranée Research Centre, Paris, France, 4Ioffe Physical Technical 
Institute, Saint Petersburg, St.‑Petersburg, Russia, 5University of the Basque 
Country (UPV/EHU), Leioa, Bizkaia, Spain, 6Ikerbasque, The Basque Science 
Foundation, Bilbao, Bizkaia, Spain 
*E‑mail: jdanielewicz@bcamath.org, joanna.danielewicz@achucarro.org 

In response to prolonged depolarizing current 
steps, different classes of neurons display specific 
firing characteristics (i.e., excitability class), such as 
a  regular train of action potentials with more or less 
adaptation, delayed responses, or bursting. In gener-
al, one or more specific ionic transmembrane currents 
underlie the different firing patterns. The intrinsic fir-
ing properties and ionic conductances in granule cells 
(GCs) are thought to reflect their developmental stage 
and maturation level. Among GCs, input resistance, 
threshold current, fluid excitability and the transition 
to depolarization block (DB) have been used as signa-
tures of the degree of maturation and circuitry inte-
gration. Here we sought to investigate the influence of 
sodium and potassium channels conductances on DB 
in GCs with dynamic clamp – a  computer controlled 
real‑time closed‑loop electrophysiological technique, 
which allows to couple mathematical models simulated 
in a computer with biological cells. We have observed 
that 44% of recorded cells exhibited what we have 
called a “flipping” behavior. Meaning, that these cells 
were able to overcome the DB and generate trains of 
action potentials at later current injections steps. We 
have develop a unified mathematical model of maturat-
ing GCs to explain fluid excitability, “flipping” and to 
capture the essential features of entry into DB.

Funding: This project received support from Iker-
basque (The Basque Foundation for Science), the 
Basque Government through the BERC 2018‑2021 and 
BERC 2022‑2025 program, PIBA_2021_1_0018 and MI-
CINN PID2019‑104766RB‑C21, the Spanish State Re-
search Agency through BCAM Severo Ochoa excellence 
accreditation SEV‑2017‑0718, “MathNEURO” project 
RTI2018‑093860‑B‑C21 funded by (AEI/FEDER, UE). 
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Moreover, we acknowledge the support of Inria via the 
Associated Team “NeuroTransSF”. 

BIOLOGICAL SESSION 3

Neural substrates of affective behavior

WHOLE BRAIN MAPPING OF NEURONAL 
ENSEMBLES RESPONSIVE TO POSITIVE 
AND NEGATIVE STIMULI  
Wezik Marcelina Olga*, Coimbra Barbara, Correia Raquel, 
Gaspar Rita, Vieitas‑Gaspar Natacha, Goncalves Ricardo, 
Terrier Claire, Soares‑Cunha Carina, Rodrigues Ana Joao 
Life and Health Sciences Research Institute (ICVS), Universidade do Minho,  
Braga, Portugal 
*E‑mail: marcelina.wezik@gmail.com 

Many brain regions have been associated with posi-
tive and negative valence encoding, this is, the attribu-
tion of subjective value to sensory stimuli which deter-
mines subsequent appropriate behavior. Since dysfunc-
tion occurring in one or several of these brain regions 
is associated with mental disorders such as addiction 
or depression, it is essential to understand in detail 
what are all the components of this circuitry and what 
is their contribution for valence encoding. The main 
aim of this work was to perform a  brain‑wide identi-
fication of neuronal ensembles responsive to positive 
(cocaine) or negative (foothshock) valence stimuli. 
Taking advantage of permanent genetic access to tran-
siently active neurons via TRAP, the recruited neuronal 
ensembles for valence‑specific stimuli were quantified 
using a  semi‑automatized histological data analysis 
and generation of 3 dimensional models of the whole 
brain. Our data shows that brain regions of the reward 
circuit, such as the basolateral amygdala, the nucleus 
accumbens and the laterodorsal tegmental area, among 
other limbic and non‑limbic regions, are particularly 
involved in positive and/or negative valence encod-
ing. In conclusion, here we describe a  brain‑wide and 
region‑specific involvement in valence encoding, with 
unprecedented detail.

Funding: This project has received funding from 
the European Research Council (ERC) under the Eu-
ropean Union’s Horizon 2020 research and innova-
tion programme (grant agreement No 101003187). 
The project leading to these results have received 
funding from “la Caixa” Foundation (ID 100010434), 
under the agreement LCF/PR/HR20/52400020. This 
work was funded by FCT under the scope of the 
project PTDC/MED‑NEU/29071/2017(REWSTRESS), 
PTDC/MED‑NEU/4804/2020 (ENDOPIO) and PTDC/

SAU‑TOX/6802/2020 (REMIND). This work has been 
funded by National funds, through the Founda-
tion for Science and Technology (FCT) – project 
UIDB/50026/2020 and UIDP/50026/2020. 

THE ROLE OF SOMATOSTATIN INTERNEURONS 
IN EMOTIONAL CONTAGION REGULATION 
Roszkowska N.1*, Nikolaev T.2, Meyza K.2

1Faculty of Biology and Environmental Sciences, UKSW, Warsaw, Poland, 
2Laboratory of Neurobiology of Emotions, Nencki Institute of Experimental 
Biology of the Polish Academy of Sciences, Warsaw, Poland 
*E‑mail: n.roszkowska@student.uksw.edu.pl 

To study how negative emotions are transferred in 
mice, particularly in the amygdala and prefrontal cor-
tex, the Remote Transfer of Fear behavioral paradigm 
was employed. This involved housing pairs of mice (Ob-
server and Demonstrator) for three  weeks before the 
Demonstrator was removed from the home cage and 
subjected to adverse stimuli (10 foot shocks – 1s long, 
0.6  mA). Once the Demonstrator had been returned 
to the home cage, the first ten minutes of interaction 
were recorded. After another eighty minutes, the mice 
were sacrified for immunohistochemical staining pur-
poses. Sst‑IRES‑Cre mouse strains were used, as they 
expressed fluorescence marker (dTomato) through vi-
ral tagging. Combined with immunochemistry against 
c‑Fos (a standard neuronal novelty marker), this en-
abled checking for somatostatin interneuron activity. 
The first ten minutes of interaction show higher levels 
of anogenital sniffing, body sniffing and self‑grooming 
behavior for Observers (Control group). Meanwhile, ex-
ploratory behavior was higher for both Demonstrator 
and Observer mice (Experimental group). This altered 
behavior within the Experimental group, combined 
with increased neuronal activation (higher c‑Fos lev-
els for both amygdala and prefrontal cortex), confirms 
that emotional contagion occurred. Changes in soma-
tostatin cell activity within amygdala region (Observ-
ers; both groups) likewise indicate their role in the 
emotional contagion regulatory circuit.

Funding: Grant number 2019/35/N/NZ4/01948.

THE ROLE OF THE CRF NEURONS IN THE CENTRAL 
AMYGDALA IN SOCIALLY TRANSFERRED FEAR  
Olga Gulka*, Anita Cybulska‑Kłosowicz, Ewelina Knapska 
Laboratory of Emotions Neurobiology, Nencki Institute of Experimental Biology  
of the Polish Academy of Sciences, Warsaw, Poland  
*E‑mail: olga.gulka@wp.pl 

The corticotropin‑releasing factor (CRF) is a  neu-
ropeptide responsible for controlling stress respons-
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es. The CRF‑expressing neurons in the central amyg-
dala (CeA) are activated by the social transfer of fear. 
We investigated the role of CRF neurons localized 
in the CeA in the remote threat paradigm, in which 
a  non‑stressed rat – the observer – is paired with 
a  partner that experienced aversive foot‑shocks (the 
demonstrator). We employed PSAM/PSEM chemoge-
netics to activate CRF neurons in male CRF‑Cre observ-
er rats. We analyzed observer rats’ behaviors, includ-
ing rearing, cage exploration, and social interactions, 
to explore the effect of CRF neurons stimulation on so-
cially transfer fear. Activation of the CeA-CRF neurons 
decreased cage exploration and rearing in the observ-
ers paired with shocked demonstrators compared to 
the animals without blocking or paired with the con-
trol (non‑shocked) demonstrators. Regardless of CRF 
blocking, the observers paired with the shocked dem-
onstrators interacted with them longer than those 
paired with the non‑shocked demonstrators. The data 
shows that activation of the CeA-CRF cells results in 
significant behavioral changes, which suggests a piv-
otal role of these neurons in socially transferred fear 
and emotional contagion.

Funding: European Research Council starting grant 
(H 415148 to E. Knapska).

BACTERIAL‑LIKE INFECTION DURING  
EARLY SYNAPTOGENESIS CHANGES  
PSYCHSOCIAL BEHAVIOR OF ADULT MICE 
Karolina Protokowicz*, Iwona Sirocka,  
Leszek Kaczmarek  
BRAINCITY, Laboratory of Neurobiology, Nencki Institute of Experimental Biology, 
Polish Academy of Sciences, Warsaw, Poland 
*E‑mail: k.protokowicz@nencki.edu.pl 

Disorders that affect nervous system development 
are called neurodevelopmental disorders (NDDs). 
NDDs characterized by altered psychosocial behavior, 
such as autism spectrum disorder or schizophrenia 
are considered to have a multifactorial etiology. It is, 
however, believed that inflammatory reactions may be 
one of the causes. 

The aim of this study was to evaluate changes in 
psychosocial behavior of adult mice treated with bac-
terial lipopolysaccharide (LPS) in early life. In terms 
of onset of exuberant synaptogenesis, postnatal day 
7 (P7) in mice corresponds with the second trimes-
ter of pregnancy in humans. On P7, mice pups were 
injected either with LPS or physiological saline. Af-
ter 3 weeks marble burying test, elevated plus maze, 
three chamber test, Eco‑HAB® sociability test, and 
appetitive training in Intellicage were conducted. 
Mice after LPS treatment were less anxious and less 

active. The LPS‑treated group spent more time togeth-
er in the course of the social test. Interestingly, males 
avoided social stimulus from unknown animals, whilst 
females were more interested in social stimulus than 
the control group. Additionally, animals injected with 
LPS needed more time to learn new conditions. There-
fore presented results suggest,   that immune activa-
tion during neurodevelopment induces alterations of 
behavior that resemble symptoms observed in human 
NDD patients.

COMPLEXITY OF THE MIDBRAIN 
INTERPEDUNCULAR NUCLEUS INNERVATION 
BY THE BRAINSTEM NUCLEUS INCERTUS 
– POTENTIAL INVOLVEMENT IN 
NOVELTY PREFERENCE 
Patryk Sambak*, Gabriela Stopka, Anna Blasiak 
Department of Neurophysiology and Chronobiology,  
Institute of Zoology and Biomedical Research,  
Jagiellonian University, Krakow, Poland  
*E‑mail: patryk.sambak@doctoral.uj.edu.pl 

Correct response to novel stimuli is crucial for ani-
mals to adapt to ever‑changing environment, and such 
responsiveness is disrupted in many neuropsychiatric 
diseases. One of the key nodes in familiarity signalling 
and expression of novelty preference is midbrain in-
terpeduncular nucleus (IPN). IPN is strongly innervat-
ed by nucleus incertus (NI), a  highly stress sensitive 
component of an ascending arousal network. However, 
the nature of the NI‑IPN interactions remains largely 
unknown. We showed that the NI innervation of IPN 
is predominantly monosynaptic, using intra NI injec-
tions of   viral vectors carrying channelrhodopsin‑2 
and YFP male rats, leading to expression fluorescence 
protein. During whole‑cell patch‑clamp ex vivo experi-
ments electrical activity of IPN neurons was recorded, 
while NI originating fibers were optically stimulated. 
Both outward and inward light‑evoked postsynaptic 
currents (le‑PSCs) were observed. Inward le‑PSCs were 
blocked by glutamate receptors antagonists whereas 
outward le‑PSCs were inhibited by GABAA receptor 
antagonist, what confirmed their glutamatergic and 
GABA‑ergic nature, respectively. Interestingly, we ob-
served IPN neurons, that had both excitatory and in-
hibitory inputs from NI, as well as those, which were 
innervated directly and indirectly by NI. Our data 
show that the NI‑IPN axis may constitute an important 
neuronal element involved in adapting novelty prefer-
ence to stressful conditions.

Funding: This research was supported by research 
grant from the National Science Centre, Poland 
(UMO‑2018/30/E/NZ4/00687).
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BIOLOGICAL SESSION 4

Markers of Aging

Symposium organizer: Dominika Drulis-Fajdasz 
(Department of Molecular Physiology and  

Neurobiology, University of Wroclaw, Poland)

CIRCULATING MICRORNAS AS EARLY 
BIOMARKERS IN ALZHEIMER’S AND 
OTHER AGING‑RELATED DISEASES
Urszula Wojda
Nencki Institute of Experimental Biology of Polish Academy of Sciences,  
Warsaw, Poland

Circulating miRNAs in blood plasma present sig-
nificant potential for use as presently unavailable 
minimally‑invasive biomarkers for diagnosis of ag-
ing‑related diseases, such as cancer or Alzheimer’s 
disease (AD). Recently we identified a  panel of 6 
dysregulated miRNAs in blood plasma of patients 
with early AD (Patent EP3449009). Here we applied 
RT‑qPCR, the most sensitive and inexpensive analysis 
method of circulating miRNA, for verification stud-
ies in a new cohort of 50 AD patients and 50 healthy 
control subjects. As current methods of identifying 
optimal normalisers are lacking in their evaluation of 
the stability of normalizers in aging population, we 
created a novel, transparent, method for selecting op-
timal normalisers in aging population. The obtained 
data showed significant differences for all tested 
panel miRNAs in their plasma levels in AD patients, 
confirming chosen miRNAs as minimally‑invasive 
diagnostic biomarkers for AD. Moreover, we recom-
mend the standard protocol for assessment of plas-
ma miRNA levels in an aging population employing 
a novel set of normalizers.

Funding: Work supported by the Polish Nation-
al Science Centre grant OPUS 2018/29/B/NZ7/02757 
and by the EU Horizon2020 FETOPEN grant no 737390 
(ArrestAD).

MONITORING METABOLITE PROFILES 
DEPENDING ON AGING PROCESSES – 
METABOLOMICS APPROACHES
Natalia Pudełko‑Malik1*, Dominika Drulis‑Fajdasz2, 
Dariusz Rakus2, Piotr Młynarz1 
1Department of Biochemistry, Molecular Biology and Biotechnology, Faculty of 
Chemistry, Wroclaw University of Science and Technology, Wroclaw, Poland, 
2Department  of Molecular Physiology and Neurobiology, University of Wroclaw, 
Wroclaw, Poland 
*E‑mail: Natalia.pudelko‑malik@pwr.edu.pl 

The phenomenon of used metabolomics approach-
es, especially nuclear magnetic resonance (NMR) spec-
troscopy, is not only about identification and quantifi-
cation of all metabolites in biological samples, but also 
allows visualization of the actual metabolic state of 
living organisms studied at a particular point in time. 
This unique feature distinguishes metabolomics from 
other omics studies like genomic, transcriptomic, and 
proteomics. It is generally known that the metabolic 
coupling of astrocytes and neurons plays a key role in 
the phenomenon of plasticity of neural networks and 
the formation of memory tracks. Use of NMR method to 
analyze the image of the physiology of nervous tissue 
at different ages is quite attractive and the observed 
changes between chosen metabolites, in compared an-
imal groups, may give new information about changes 
in cognitive abilities and the formation of new memory 
traces implicated with age. 

WESTERN DIET AS A TRIGGER OF ALZHEIMER’S 
DISEASE: FROM METABOLIC SYNDROME 
TO NEURODEGENERATION 
Anna Mietelska‑Porowska*, Justyna Domańska, 
Angelika Więckowska‑Gacek, Andrew Want, 
Dominik Chutorański, Urszula Wojda 
Neurobiology Center, Laboratory of Preclinical Testing  
of Higher Standard, Nencki Institute of Experimental Biology,  
Polish Academy of Sciences, Warsaw, Poland  
*E‑mail: a.mietelska@nencki.edu.pl 

An excess of saturated fatty acids and simple sug-
ars in the diet is a known environmental risk factor of 
Alzheimer’s disease (AD) but the holistic view of the 
interacting processes through which such diet may 
contribute to AD pathogenesis is missing. This pre-
sentation will provide an overview of the evidence 
demonstrating that WD‑associated systemic alter-
ations drive impairment of the blood‑brain barrier 
(BBB) and development of neuroinflammation paral-
leled by accumulation of toxic amyloid. Later these 
changes are followed by dysfunction of synaptic trans-
mission, neurodegeneration and finally memory and 
cognitive impairment. The mounting results indicate 
that WD can trigger AD by acceleration of inflammag-
ing, and that BBB impairment induced by metabolic 
and systemic inflammation play the central role in 
this process. This overview of the sequential, complex 
pathomechanisms initiated by WD, which can lead 
from peripheral disturbances to neurodegeneration, 
can support future prevention strategies.

Funding: This work was financed by the Nation-
al Science Centre, Poland, projects   No. 2018/29/N/
NZ7/01724, and 2014/15/D/NZ4/04361.
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SENOLYTIC TREATMENT CHANGES 
AGE‑ASSOCIATED COGNITIVE DECLINE AND 
ELEVATED PERIPHERAL INFLAMMATION IN 
AGED BUT NOT YOUNG MALE WISTAR RATS 
Adam Krzystyniak1, Malgorzata Wesierska2, Gregory Petrazzo1*, 
Agnieszka Gadecka1, Magdalena Dudkowska1, 
Anna Bielak‑Zmijewska1, Grazyna Mosieniak1,  
Iza Figiel3, Jakub Wlodarczyk3, Ewa Sikora1

1Laboratory of Molecular Basis of Aging, Nencki Institute of Experimental Biology 
Polish Academy of Science, Warsaw, Poland, 2Laboratory of Neuropsychology, 
Nencki Institute of Experimental Biology Polish Academy of Science, Warsaw, 
Poland, 3Laboratory of Cell Biophysics, Nencki Institute of Experimental Biology 
Polish Academy of Science, Warsaw, Poland  
*E‑mail: g.petrazzo@nencki.edu.pl 

Aging is associated with cognitive decline and accu-
mulation of senescent cells which could be targeted by 
senolytics such as Dasatinib and Quercetin (D+Q). We stud-
ied the effect of senolytics on multifactorial aging‑related 
cognitive dysfunctions by testing male Wistar rats in the 
active allothetic place avoidance task. Our studies revealed 
that 8 week‑long treatment with D+Q decreased peripheral 
inflammation measured by the levels of serum inflamma-
tory mediators (including SASP factors) in aged rats which 
coincided with long lasting (at least 6  weeks) alleviation 
of learning deficits and memory impairments observed in 
aged animals. We also observed changes in the dendritic 
spine morphology of the apical dendritic tree from the hip-
pocampal CA1 neurons upon D+Q treatment and changes 
in the trimethylation level of histone H3 isolated from the 
hippocampus. Our results support the notion that senolyt-
ics on alleviating age‑associated cognitive dysfunctions.

Funding: National Science Centre (UMO-2019/35/ 
B/NZ4/01920).

BIOLOGICAL SESSION 5

Advanced neurotechnologies for brain 
activity monitoring and modulation

Symposium organizer:  Richárd Fiáth  
(Research Centre for Natural Sciences,  

Budapest, Hungary)

EVOLUTION OF SILICON-BASED 
PROBES DEVELOPED FOR LARGE-SCALE 
NEURONAL RECORDINGS
Richárd Fiáth 
Research Centre for Natural Sciences, Budapest, Hungary 

Penetrating neural probes were developed with 
the intention to record or to modulate the electrical 

activity of neurons located close to the implanted 
probe shank. First planar silicon-based devices de-
signed for in vivo experiments contained only a few 
recording sites on a single shank monitoring the 
activity of a limited number of neurons, while the 
current technology used to fabricate state-of-the-art 
silicon probes allows the placement of over a thou-
sand recording sites on a single or on multiple silicon 
shanks. This impressive engineering achievement 
was accomplished by the application of complemen-
tary metal-oxide-semiconductor (CMOS) technology 
which also resulted in a remarkable increase in the 
spatial resolution of these in vivo recordings. The re-
sulting high-density, high-channel-count measure-
ments usually contain the extracellular electrical 
activity of hundreds of neurons obtained simultane-
ously from multiple brain areas. This lecture gives 
a brief overview of the history of silicon-based neu-
ral probes, introduces their main features and high-
lights the main applications of these tools.

APPLICATION OF HIGH‑DENSITY NEURAL  
PROBES TO EXPLORE THE COMPLEX 
SPATIOTEMPORAL DYNAMICS OF 
THALAMOCORTICAL ACTIVITY 
Csaba Horváth1,2*, Mária Steinbach3,  
István Ulbert1,3, Richárd Fiáth1,3 
1Institute of Cognitive Neuroscience and Psychology, Research Centre for 
Natural Sciences, Budapest, Hungary, 2János Szentágothai Doctoral School 
of Neurosciences, Semmelweis University, Budapest, Hungary, 3Faculty of 
Information Technology and Bionics, Pázmány Péter Catholic University,  
Budapest, Hungary  
*E‑mail: horvath.csaba@ttk.hu  

The application of recent developments in com-
plementary metal‑oxide semiconductor (CMOS) 
technology in invasive extracellular devices has 
led to innovative neural probes with an increased 
channel count and spatial resolution. These novel 
devices provide an opportunity to capture a  much 
more detailed picture of the complex spatiotempo-
ral dynamics of neuronal activity both at the cel-
lular and network level. To demonstrate this, on 
the one hand, we present a large, publicly available 
dataset of extracellularly recorded single neurons 
(n=7126) obtained with a high‑density single‑shank 
silicon‑based probe from the neocortex of anes-
thetized rats. Our preliminary findings indicate 
that spatial features extracted from the recorded 
high‑resolution spike waveforms might aid a  more 
reliable identification of cortical cell types. On the 
other hand, we used Neuropixels silicon probes to 
map thalamic activity of anesthetized rodents to lo-
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cate propagating patterns of spiking activity during 
the active states of slow waves and to investigate 
their spatiotemporal features.

TRANSPARENT MICROECOGS FOR 
MULTIMODAL NEUROIMAGING
Zs. Lantos1,2*, Á. Szabó1,2, A. Zátonyi1, F. Zs. Fedor1,3,4, 
M. Madarász5,6, V. Danda7, B. Rózsa5, Z. Fekete1 
1Research Group for Implantable Microsystems, Faculty of Information 
Technology and Bionics, Pázmány Péter Catholic University, Budapest, Hungary, 
2Roska Tamás Doctoral School of Sciences and Technology, Pázmány Péter 
Catholic University, Budapest, Hungary, 3Microsystems Laboratory, Centre for 
Energy Research, Budapest, Hungary, 4Doctoral School of Chemical Engineering 
and Material Sciences, University of Pannonia, Veszprém, Hungary, 5Laboratory 
of 3D functional network and dendritic imaging, Institute of Experimental 
Medicine, Budapest, Hungary, 6János Szentágothai PhD Program of Semmelweis 
University, Budapest, Hungary, 7Qualia Labs, Inc.Dallas, TX 75252, USA  
*E‑mail: lantos.zsofia@itk.ppke.hu 

Multimodal measurements have emerged as both 
functional and structural observation of the brain is 
required to understand the complex mechanism of 
neuronal ensembles. Electrophysiology is still used as 
a gold standard to interrogate brain activity, however, 
the advent of new optical characterization tools like 
optogenetics, calcium imaging, or voltage‑sensitive 
dye imaging catalyzed the development of transparent 
neural interfaces that enable the application of both 
modalities. This talk will summarize recent results of 
our group that relied on the application of transpar-
ent microelectrocorticography arrays in conjuction 
with intrinsic optical imaging and calcium imaging in 
anaesthetized and awake mice and cats. Specifically, 
optical and electrical performance of polyimide/indi-
um‑tin oxide, Parylene HT/indium‑tin‑oxide and thiol/
ene‑acrylate/gold electrodes will be demonstrated in 
multimodal neuroimaging experiments. 

COMPACT OPTRODE FOR IN VIVO OPSIN 
DELIVERY, OPTICAL STIMULATION AND 
ELECTROPHYSIOLOGICAL RECORDINGS 
IN FREELY BEHAVING ANIMALS
Kirti Sharma1,2,5*, Zoë Jäckel2,3,5, Artur Schneider2,3,  
Oliver Paul1,2, Ilka Diester2,3,4, Patrick Ruther1,2 
1Department of Microsystems Engineering (IMTEK), University of Freiburg, 
Freiburg, Germany, 2Cluster IMBIT/BrainLinks‑BrainTools, University of Freiburg, 
Freiburg, Germany, 3Faculty of Biology, Optophysiology, University of Freiburg, 
Freiburg, Germany, 4Bernstein Center, University of Freiburg, Freiburg, Germany, 
5Equal contribution  
*E‑mail: kirti.sharma@imtek.de 

We present a  multifunctional optrode that com-
bines a  silicon‑based neural probe with an integrat-

ed microfluidic channel, and an optical glass fiber in 
a  compact assembly. The tapered silicon probe has 
a maximum cross‑section of 50 μm × 150 μm, and com-
prises an 11‑μm‑wide buried fluidic channel and 32 re-
cording electrodes (diameter 30  μm). We applied the 
optrode to inject a  viral vector carrying a  ChR2‑con-
struct in the prefrontal cortex and subsequently pho-
tostimulated the transduced neurons for up to 9 weeks 
post‑implantation in a  freely moving rat. In addition, 
we simultaneously recorded neural activity from both 
the target and the adjacent regions. We observed min-
imal inflammation surrounding the recording shank 
and the electrophysiological recording quality was 
stable over time. With a total system weight of 0.97 g, 
our multifunctional optrode enables precise local in-
jection and high spatial specificity while minimizing 
tissue damage.

Funding: The research leading to these results has 
partly received funding through the DFG‑funded Pri-
ority Programme SPP 1926 (Next Generation Optoge-
netics) under Grant Nos. RU 869/5‑1 and DI 1908/6‑1, 
the BrainLinks‑BrainTools Cluster of Excellence fund-
ed by the German Research Foundation (Deutsche 
Forschungsgemeinschaft (DFG), Grant No. EXC 1086) 
and the Bernstein Award 2012 (Bundesministerium 
für Bildung und Forschung (BMBF), No. 01GQ2301). 
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Systems Neuroscience of Sensory Processing

THE DEVELOPMENT OF CIRCUITS AND 
COMPUTATIONS FOR NAVIGATION AND MEMORY
Flavio Donato
Biozentrum, University of Basel, Switzerland 

The entorhinal‑hippocampal network contributes 
to the formation of episodic memories by creating 
an internal representation of the environment where 
experience unfolds. Such internal representation, or 
cognitive map, is instantiated in the activity of sev-
eral functionally‑specific cell types whose activity is 
modulated by space. Among these cell types, we distin-
guish neurons that are active at one or more specific 
locations in the environment (place and grid cells), or 
next to borders (border cells), or when the animal fac-
es specific directions (head‑direction cells). In rodents, 
while the firing properties of head‑direction and bor-
der cells are adult‑like at the onset of spatial explo-
ration, spatial tuning in grid and place cells emerges 
and is refined progressively during the first  months 
of life. This maturation process might depend on the 
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establishment of specific connectivity motifs between 
the entorhinal cortex and the hippocampus. In fact, we 
previously showed that the functional maturation of 
such cell types is accompanied by the structural matu-
ration of the entorhinal‑hippocampal circuit, which is 
driven by an activity‑dependent instructive signal that 
instructs the stepwise maturation of excitatory and in-
hibitory neurons at each stage of the network. Here, we 
will discuss recent studies whose aim is to understand 
how the emergence of spatial tuning in the develop-
ing entorhinal‑hippocampal network shapes learning 
and memory processes during early postnatal life. Fur-
thermore, we propose that studying the functional on-
togenesis of the brain’s representation of space offers 
a  unique opportunity to understand the contribution 
of individual cell types to hippocampal computations, 
and to dissect the contribution of such computations 
to learning and memory processes at multiple stages 
of an animal’s life.

SIMPLIFIED APPROACH TO ANALYZE DATA FROM 
AUTOMATED T‑MAZE AND TO CHARACTERIZE 
BEHAVIOR WITH DEEP LEARNING  
Bartosz Zglinicki1*, Urszula Włodkowska2, Edyta Balcerek2, 
Rafał Czajkowski2, Michał Ślęzak1 
1Biology of Astrocytes Group, Life Sciences & Biotechnology Center, Lukasiewicz 
Research Network – PORT Polish Center for Technology Development,  Wroclaw, 
Poland, 2Laboratory of Spatial Memory, Nencki Institute of Experimental Biology, 
Warsaw, Poland  
*E‑mail: bartosz.zglinicki@port.lukasiewicz.gov.pl 

Behavioral experiments are a desirable tool in neu-
roscience but they can suffer from various factors, 
which influence reliability and reproducibility. Au-
tomatization of the process can overcome limitations 
such as experimentator input or data collection, and 
can help to reduce bias. With an emergence of machine 
learning and deep neural networks in recent years, it is 
possible to standardize behavioral studies and produce 
high quality data sets. 

In this study we present automated t‑maze system, 
in which mice learn to acquire a reward, based on two 
separate visual cues. System uses Bonsai software and 
Arduino with mechanical components, to record and 
to train animals with predefined protocol. After reach-
ing appropriate threshold of correct choices, mice 
were subsequently tested in the same protocol with 
only one set of visual cues. DeepLabCut software was 
used for pose estimation and further analysis of mice 
trajectories. Furthermore, successful pose estimation 
in T‑maze jumpstarted analysis of animal behavior in 
the open field and adaptation to known concept of so-
cial boxes. 

Results from T‑maze showed significant differences 
between pre‑trained and trained animals, both in per-
formance‑oriented and trajectory‑oriented manner. 
Automatization and deep learning allowed for a degree 
of analysis that was hard to achieve before and high-
lighted small details that would pass unnoticed oth-
erwise. These tools are becoming mandatory for our 
future studies for efficient parametrization of social 
behavior. 

Funding: This works was supported by NCN OPUS 
grant nr 2021/41/B/NZ3/04099.

PLASTICITY OF TEMPORAL INTEGRATION 
IN FERRET AUDITORY CORTEX 
Magdalena Sabat1,2,3*, Quentin Gaucher1,2, 
Sam Norman‑Haignere4,5,6,7,8, Yves Boubenec1,2

1Département d’Études Cognitives, École Normale Supérieure,  
PSL University, CNRS, Paris, France, 2Laboratoire des systèmes  
perceptifs, Département d’études cognitives, École normale  
supérieure, PSL University, Paris, France, 3Laboratoire de Neurosciences 
Cognitives et Computationelles, INSERM, Ecole Normale Supérieure,  
Université PSL, Paris, France, 4Department of Neuroscience, University  
of Rochester Medical Center, Rochester, NY, USA, 5Department of  
Biostatistics and Computational Biology, University of Rochester  
Medical Center, Rochester, NY, USA, 6Department of Biomedical Engineering,  
University of Rochester, Rochester, NY, USA, 7Department of Brain and  
Cognitive Sciences, University of Rochester, Rochester, NY, USA, 8Zuckerman  
Mind, Brain, Behavior Institute, Columbia University, New York, NY, USA 
*E‑mail: Magdalena.sabat@ens.fr 

Retrieving meaning from complex auditory stim-
uli requires flexible binding in time of auditory fea-
tures at different timescales. Recent reports suggest 
that auditory perception relies on a  hierarchy of 
auditory timescales and progressive processing of 
information through a  hierarchy of cortical areas. 
Although temporal dynamics of auditory perception 
have been thoroughly studied, little is known about 
the plasticity of temporal integration windows (or 
timescales) in the auditory cortex. To address this 
question we study the neural responses of the audi-
tory cortex of the ferret to complex continuous audi-
tory stimuli across a range of behavioral states. First, 
we assess the similarity of the gradient of sensory 
timescales in the auditory cortex of the ferret to that 
of the human. Subsequently, we address the question 
of plasticity by comparing the structure of this gra-
dient across different behavioral states. Finally, we 
explore other sources of variability such as the in-
ternal state of the animal by relating the structure of 
the gradient to the physiological state of the animal. 
This work provides insights into the cortical mech-
anisms underlying flexible auditory performance at 
multiple scales. 
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MEMORIES IN INHIBITORY NEURONS  
– A COMPUTATIONAL MODEL FOR 
MEMORY STORAGE AND RECALL USING 
INHIBITORY PLASTICITY
Maciej Kania1*, Basile Confavreux2, Tim Vogels2 
1Vrije Universiteit Amsterdam, Amsterdam, The Netherlands,  
2Institute of Science and Technology Austria, Klosterneuburg, Austria 
*E‑mail: mac.kania@student.uj.edu.pl 

Information in the brain is usually thought to be 
transmitted mainly via excitatory neurons, while lo-
cal inhibitory circuits are considered to merely sta-
bilize excitation. As such, in most network models, 
more attention is given to excitatory population dy-
namics, relegating inhibition to a support role. How-
ever, numerous studies highlight the functional im-
portance of inhibitory neurons beyond stabilization, 
such as regulation of information transfer or memory 
processes.  

Here, we explore the role of inhibitory‑to‑inhibitory 
plasticity as a  mechanism to produce network models 
with plausible inhibitory dynamics. To study the inter-
action between the classical role of inhibition – stabi-
lizing excitation – and other possible inhibition‑specif-
ic roles, we analyze the behavior of a  recurrent spik-
ing network simulated with a plasticity rule similar to 
Vogels et al., 2011 on the inhibitory‑to‑inhibitory and 
inhibitory‑to‑excitatory connections. 

We find that, depending on the firing rate of the 
inhibitory population, the network activity can be si-
lenced, highly synchronized, or bi‑stable. We propose 
conditions on network and plasticity parameters to 
enable inhibition to have its own rich dynamics while 
still stabilizing excitation. Overall, our study shifts the 
focus from excitatory to inhibitory dynamics in plastic 
network models to better account for the profuse in-
hibitory dynamics observed experimentally. 

CELLULAR AND MOLECULAR FOUNDATIONS 
OF HAIR FOLLICLE NOCICEPTION 
Marek Brodzki1*, Otmane Bouchatta1, Jaquette Liljencrantz2, 
Eleni Frangos2, Dimah Sade3, Gabriela Carballo1, 
Houria Manouze1, Carsten Bönneman3, Alexander Chesler2,3, 
Håkan Olausson1, Saad Nagi1, Marcin Szczot1

1Center for Social and Affective Neuroscience, Department of Clinical and 
Experimental Medicine, Linköping University, Linköping, Sweden, 2National 
Center for Complementary and Integrative Health, National Institutes of Health, 
Bethesda, MD, USA, 3National Institute of Neurological Disorders and Stroke, 
National Institutes of Health, Bethesda, MD, USA 
*E‑mail: marek.brodzki@liu.se 

Hair follicle innervation forms an elaborate sen-
sory apparatus that provides information on even the 

most delicate hair movements. As a  measure of pro-
tecting the pelage, hair pulling evokes sharp pain sen-
sation. We decided to investigate the neural encoding 
and molecular mechanisms underpinning this unique 
painful modality. We first examined mechanotransduc-
tion mechanism and found that patients with PIEZO2 
deficiency syndrome do not feel hair pull pain, indicat-
ing for the first time the role of PIEZO2 in acute pain. 
Subsequently, we established that a  PIEZO2‑positive 
class of sensory neurons present in primates is homol-
ogous to murine hair pull nociceptors. Therefore, to 
study neuronal coding, we used in vivo imaging in mice 
to show that a subset of hair‑pull responding neurons 
shows specificity and selective tuning. Consistently, we 
observed diminished responses to low pull forces in 
PIEZO2‑KO neurons which was in line with measured 
hair nociceptors activation thresholds. To test func-
tional conservation of hair pull nociceptors we per-
formed human microneurography and demonstrated 
that hair pull pain is indeed coded by a dedicated novel 
group of Aβ fibers. In conclusion, we show that hair pull 
pain is a PIEZO2‑dependent sensation conveyed by an 
evolutionarily conserved labelled line of fast conduct-
ing low‑threshold nociceptors.

BIOLOGICAL SESSION 7

Hypothalamic control of behavior

UNDERSTANDING THE NEURAL CIRCUITS 
OF STRESS EATING
Frank Julius Meye
Translational Neuroscience Department, University Medical  
Center Utrecht, The Netherlands 

Stress can enhance cravings for palatable food (e.g., 
fat and sugar) and can also increase impulsive behav-
ior. In vulnerable individuals these effects contribute 
to binge eating and obesity. The neurobiology underly-
ing stress eating remains largely unclear, however our 
lab seeks to understand how stress alters neural circuit 
function to increase the pursuit of palatable foods. In 
particular we focus on how stress alters communication 
within cortical‑hypothalamic‑(meso)limbic networks. 
We assess the stress‑altered functioning of such circuit-
ry using a combination of ex vivo techniques (in particu-
lar patch‑clamp slice electrophysiology) combined with 
various in vivo approaches (behavioral assays during 
neural circuit monitoring/manipulation techniques). 
With these approaches we strive to provide multi‑level 
insight in the neurobiological mechanisms of stress eat-
ing responses. 
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ROLE OF AGRP/NPY NEURONS IN DEVELOPMENT 
OF THE OBESITY PHENOTYPE ON THE MOUSE 
MODEL WITH INDUCED DELETION OF THE 
DICER1 GENE
Karolina Hajdukiewicz1*, Urszula Wojda2, Witold Konopka3

1Braincity/ Laboratory of Neuronal Plasticity, Nencki Institute of Experimental 
Biology PAS, Warsaw, Poland, 2Laboratory of Preclinical Testing of Higher 
Standard, Nencki Institute of Experimental Biology PAS, Warsaw,Poland, 
3Life Sciences and Biotechnology/Laboratory of Neuroplasticity and Metabolism, 
PORT-Polish Center for Biotechnology Development, Wroclaw, Poland 
*E‑mail: k.hajdukiewicz@nencki.edu.pl

Food is the foundation of the survival pyramid 
while hunger is the primary motivator of the search 
for and acquisition of nourishment. The brain is the 
locus of superior centers involved in hunger and sati-
ety regulation. The arcuate nucleus located in the hy-
pothalamus is the primary first‑order center process-
ing the body’s energy status information. Said struc-
ture’s functional division includes two populations of 
opposing neurons: AgRP/NPY, which stimulates food 
intake, and POMC/CART, responsible for promoting 
satiety and appetite suppression. Any disturbances 
within the arcuate nucleus may lead to changes in eat-
ing behavior and development of metabolic diseases 
such as obesity. 

Neurospecific deletion of the Dicer1 gene, which 
leads to massive microRNA loss, is an example of such 
impairment. This mutation promotes obesity develop-
ment linked to increased food intake. Here, this phe-
nomenon is described in relation to orexigenic AgRP/
NPY neurons. The microRNA‑loss‑dependent obesity 
is established through study of selected transgenic 
animal models and use of sophisticated genome ed-
iting tools.

CHANGES IN THE DORSOMEDIAL 
HYPOTHALAMIC HORMONAL RESPONSES 
AND BASAL ACTIVITY IN HIGH‑FAT DIET 
FED RATS UNDER FEEDING RESTRICTION
Gawron E*, Sanetra AM, Palus‑Chramiec K, Lewandowski MH
Department of Neurophysiology and Chronobiology, Jagiellonian University 
in Krakow, Poland 
*E‑mail: emilia.gawron55@gmail.com

The dorsomedial hypothalamus (DMH) is a  part 
of the food‑entrainable oscillator regulating circadi-
an periods of feeding and drinking, as well as energy 
expenditure. Our previous research presented differ-
ences in the DMH activity between rats under control 
(CD) and high‑fat diet (HFD). HFD group characterised 
by additional feeding during daytime, therefore their 
non‑active phase. Following that study, we decided to 

use a similar protocol modified by applying a feeding 
restriction, allowing the animals to feed only during 
their physiological period of behavioral activity. This 
allowed us to observe whether the disruption seen in 
the DMH activity in HFD group is purely the result of 
a modified diet or if it originates from animals’ feed-
ing behavior instead. Using data obtained with immu-
nohistochemical and electrophysiological methods 
we analysed if aforementioned changes in the DMH 
activity also occur after night‑feeding only. Ex vivo 
multi‑electrode array recordings (MEA) also allowed 
us to compare the DMH neuronal activity after apply-
ing 3 pivotal satiety hormones: oxyntomodulin (OXM), 
glucagon‑like peptide 2 (Glp2) and exendin‑4 (Exn4). 
We compared its responses not only between the CD 
and HFD groups but also between day and night. This 
research proposes restricted feeding to prevent HFD 
induced disruptions in the DMH activity and presents 
its responses to satiety hormones.

OXYTOCIN SIGNALLING IN THE BRAINSTEM 
NUCLEUS INCERTUS MODULATES AROUSAL 
RELATED BEHAVIORS
Alan Kania1‑3*, Kamil Pradel2, Anna Gugula2, Lukasz Chrobok2, 
Arthur Lefevre1, Konstantinos Afordakos1, Quirin Krabichler1, 
Sherie Ma4, Carlo Cifani3, Andrew L. Gundlach4, Valery Grinevich1, 
Anna Blasiak2

1Department of Neuropeptide Research in Psychiatry, Central Institute of 
Mental Health, University of Heidelberg, Mannheim, Germany, 2Department 
of Neurophysiology and Chronobiology, Institute of Zoology and Biomedical 
Research, Faculty of Biology, Jagiellonian University, Krakow, Poland,  
3School of Pharmacy, Pharmacology Unit, University of Camerino, Camerino, 
Italy, 4The Florey Institute of Neuroscience and Mental Health, and Florey 
Department of Neuroscience and Mental Health, The University of Melbourne, 
Victoria, Australia 
*E‑mail: alan.kania@zi‑mannheim.de

Oxytocin (OT)/oxytocin receptor (OTR) signalling 
modulates food/water intake, reproduction, memory, 
emotional processing, and social interaction among 
others. A  possible effector of these actions are the 
OTR‑expressing neurons in the nucleus incertus (NI) 
that modulate arousal and other processes that over-
lap with known OT functions. Therefore, our aim was 
to characterise the anatomy, neuronal and behavioral 
effects of OT/OTR signalling in the rat NI.

In these studies, we employed in situ hybridisa-
tion, immunostaining, viral tract‑tracing, and electro-
physiological ex vivo. Finally, using a  newly generated 
OTR‑IRES‑Cre knock‑in rat, we chemogenetically ac-
tivated NI OTR‑expressing neurons and examined the 
effects on behavior.

A majority of OTR mRNA‑positive NI neurons are 
GABAergic. OT dose‑ and OTR‑dependently excited 
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70% of NI neurons. The NI lacks a  substantial OT in-
nervation, but the juxtaposition to the fourth ventri-
cle suggests endogenous OT may reach the NI via the 
cerebrospinal fluid. Chemogenetic activation of OTR 
NI neurons promoted locomotor activity, reduced 
anxiety, altered social interaction, and improved so-
cial recognition. These studies identify the brainstem 
nucleus incertus as a site of action of OT/OTR signal-
ling. Notably, our results reveal a  possible neuronal 
mechanism underlying OT‑mediated modulation of 
arousal, and provide evidence for a key role of extra-
hypothalamic OT actions in governing behavior.  

Funding: Alexander von Humboldt Foundation, Ger-
many: Humboldt Research Fellowship; NSC, Poland: 
UMO‑2018/30/E/NZ4/00687.
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Mitochondrial dysfunctions  
in neurological disorders

Symposium organizer: Agnieszka Krzyżosiak  
(The Group of Astrocyte Biology, Life Sciences 
& Biotechnology Center, Łukasiewicz Research  
Network – PORT Polish Center for Technology  

Development, Wrocław, Poland)

DRUG DISCOVERY OF MITOCHONDRIAL DISEASES 
USING PATIENT‑SPECIFIC BRAIN ORGANOIDS
Alessandro Prigione
University Clinic Düsseldorf, Heinrich Heine University, Germany 

Metabolism is essential for providing the energy 
necessary to ensure proper cellular function. Muta-
tions in genes regulating this process lead to inherit-
ed metabolic disorders that can be organ‑specific or 
multi‑organs. Neonatal screenings can identify the 
presence of a metabolic disorder. However, therapeutic 
opportunities are only available for a small number of 
these disorders. Among incurable inherited metabol-
ic diseases, mitochondrial diseases represent a  major 
therapeutic challenges, given that they can be caused 
by mutations in oxidative phosphorylation genes that 
are encoded by either the mitochondrial DNA (mtDNA) 
or the nuclear DNA (nDNA). This fact hampers the gen-
eration of effective model systems, given the challeng-
es associated with mtDNA engineering.

In this talk, I will first summarize how stem cell 
metabolism has emerged as a  key aspect associated 
with the modulation of cell fate transition. I will then 
present our efforts in using patient‑derived induced 
pluripotent stem cells (iPSCs) to study mitochondrial 

diseases. We focus primarily on Leigh syndrome, which 
is the most frequent and most severe mitochondrial 
disease affecting 1/40,000 newborns. We show that 
neuronal cultures and brain organoids derived from 
Leigh syndrome iPSCs can be used as model systems to 
investigate the disease mechanisms and to carry out 
phenotypic compound screenings. Our data pave the 
way to the identification of disease‑modifying thera-
pies for currently incurable mitochondrial disorders.

SINGLE‑CELL ANALYSIS OF Α‑SYNUCLEIN‑INDUCED 
MITOCHONDRIAL DYSFUNCTION IN‑VIVO
Sinéad A. O’Sullivan, Ayse Ulusoy, Shirley SL Lee, 
Benjamin Jevans,  Donato A. Di Monte
Department of Fundamental Research, The German Center for Neurodegenerative 
Diseases (DZNE), Bonn, Germany

Parkinson’s disease (PD) is characterised by progres-
sive degeneration of dopaminergic cells in the substan-
tia nigra (SN) and is also linked to the accumulation 
and aggregation of α‑synuclein. Clinical and experi-
mental evidence supports a vital role for mitochondri-
al dysfunction in the pathogenesis of both familial and 
sporadic PD. Our aim was to develop a quantitative as-
sessment of potential mitochondrial abnormalities at 
the single‑cell level in a  mouse model of α‑synuclein 
overexpression. AAVs encoding for human α‑synucle-
in were injected into the SN and after 4 and 12 weeks, 
immunofluorescent staining revealed that sustained 
exposure to α‑synuclein is associated with a loss of mi-
tochondrial complex I/IV, within dopaminergic neu-
rons. Complex I appears to be more negatively affected 
than complex IV. Furthermore, our results also indicate 
that a  decreased complex I: Total mitochondria ratio 
is inversely correlated with the intraneuronal levels 
of α‑synuclein, with this inverse correlation becoming 
more pronounced at the later timepoint.

Funding: Alexander von Humboldt society, DZNE 
and the Innovative Medicines Initiative 2 (PDmitoQuant 
consortium).

ALTERED ULTRASTRUCTURE  
OF SYNAPTIC MITOCHONDRIA  
IN FRAGILE X SYNDROME LINKED  
WITH METABOLIC CHANGES
A. Stawikowska*, M. Magnowska, M. Dziembowska
Laboratory of Molecular Basis of Synaptic Plasticity,  
Centre of New Technologies University of Warsaw, Poland 
*E‑mail: a.stawikowska@cent.uw.edu.pl

In the synapse, an important pool of mitochondri-
al proteins is translated locally on the bases of mR-
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NAs transported from cell soma. Moreover, the local 
synthesis of proteins constituting mitochondrial re-
spiratory chain complexes is increased by synaptic 
stimulation. In Fmr1 KO mice, a mouse model of frag-
ile X syndrome, proteomic analysis shows dysregu-
lated levels of mitochondrial proteins. Mitochon-
drial functions are fundamentally linked to their 
morphology and inner membrane ultrastructure. We 
used Serial Block Face‑Scanning Electron Microsco-
py (SBF‑SEM) to analyze mitochondrial ultrastruc-
ture in the hippocampi of Fmr1 knock‑out (KO) and 
wild‑type (WT) male mice. Mitochondria shapes and 
volumes were reconstructed with the use of RECON-
STRUCT software. We compared the morphology and 
the number of synaptic mitochondria in Fmr1 KO 
and WT mice. To understand this genetic mutation’s 
physiological consequences for mitochondrial func-
tion in the synapse, we measured the level of reac-
tive oxygen species (ROS) and ATP in mice of three 
different ages. We found a significant decrease in mi-
tochondrial ROS levels in 13 weeks old Fmr1 KO mice 
compared to WT mice.

Funding: NCN OPUS 2019/35/B/NZ4/04355.

BEHAVIORAL AND BIOENERGETIC  
EFFECTS FOLLOWING CHRONIC ACEA  
TREATMENT IN A MOUSE MODEL OF  
ALZHEIMER’S DISEASE
Carla‑Ramon Duaso*, Laura Vidal‑Palencia,  
Júlia Pinho, Arnau Busquets‑Garcia
“Cell‑type mechanisms in normal and pathological  
behavior” Group. IMIM‑Hospital del Mar Medical Research  
Institute, PRBB, Barcelona, SPAIN 
*E‑mail: cramon@imim.es

Different brain mechanisms have been associated 
with the pathophysiology of Alzheimer’s disease (AD) 
including disrupted bioenergetic processes (i.e., mi-
tochondrial dysfunction) and alterations of different 
components of the endocannabinoid system (ECS). 
The ECS is considered a key modulator of many brain 
and body functions, such as cognitive and metabolic 
processes. Since both, the ECS and brain bioenerget-
ics, have emerged as a  potential therapeutic target 
in AD, we aimed to explore the link between canna-
binoids, bioenergetics, and AD. Thus, we conducted 
a  comprehensive sex‑ and age‑dependent behavior-
al characterization (memory function, social‑related 
behaviors, depressive‑ and anxiety‑like states) in the 
APP/PS1 mouse AD model after chronic treatment 
with the CB1 receptor agonist ACEA at 3  months of 
age (pre‑symptomatic stage). Male APP/PS1 mice ex-
hibited a  cognitive decline in long‑term recognition 

memory (assessed in the Novel Object Recognition 
task) that was reversed with the ACEA treatment. In 
contrast, female APP/PS1 mice showed significant 
deficits in associative learning (evaluated through 
a contextual fear conditioning task). Furthermore, we 
found sex‑ and brain region‑dependent alterations in 
ECS components and related bioenergetic process-
es (i.e., OXPHOS, Krebs cycle pathway). Overall, this 
study sheds light on the relationship between can-
nabinoids, bioenergetics, and AD demonstrating that 
cannabinoid drugs might be a  promising therapeutic 
approach for AD.

Funding: This work was supported by a  fund-
ed project from the Agencia Estatal de Investi-
gación‑FEDER (RTI2018‑093667‑A‑100) and the IBRO 
Return Home Fellowships 2019 received by Arnau 
Busquets‑Garcia. 

BIOLOGICAL SESSION 9

Blood‑brain barrier

Symposium organizer: Aleksandra Rutkowska 
(Medical University of Gdańsk, Poland)

THE HUMAN BLOOD‑BRAIN BARRIER 
SPHEROIDS AS A MODEL FOR STUDYING 
MULTIPLE SCLEROSIS PATHOPHYSIOLOGY
Aleksandra Rutkowska
Medical University of Gdańsk, Poland

The in vitro blood‑brain barrier (BBB) models were 
initially built on a membrane in a transwell system with 
a single cell type, usually the brain vascular pericytes 
or endothelial cells (ECs). Recently, several advances 
have been made to build more sophisticated and phys-
iologically relevant in vitro models of the BBB. Here, we 
present a tri‑cell BBB model comprised of conditional-
ly immortalised human brain microvascular ECs, peri-
cytes and astrocytes. The cells are seeded in the classi-
cal transwell system or can be grown into a 3D spher-
oid. In a transwell or spheroid form, the model can be 
applied to study drug BBB permeability, disruption or 
breakdown of the BBB, transmigration of the immune 
cells, and many others. We use these models to study 
the pathophysiology of the BBB in multiple sclerosis 
and, in particular, the mechanisms involved in the dis-
ruption of the BBB, its protection and recovery. Both, 
the transwell and spheroid models, can also be used to 
measure the transmigration of immune cells. We mea-
sure the chemotaxis of CD4+ cells isolated from mul-
tiple sclerosis patients and modulate their function in 
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the search for novel therapy. Here, we present some of 
our preliminary results obtained with these BBB mod-
els and discuss the shortcomings and challenges ahead. 

EBI2 RECEPTOR‑MEDIATED REGULATION OF 
IMMUNE CELL TRANSMIGRATION VIA AN IN VITRO 
TRI‑CELL MODEL OF THE BLOOD‑BRAIN BARRIER
Fionä Caratis1*, Tomomi Furihata2, Bartosz Karaszewski3, 
Aleksandra Rutkowska1

1Department of Anatomy and Neurobiology, Medical University of Gdańsk, 
Gdańsk, Poland, 2Laboratory of Clinical Pharmacy & Experimental Therapeutics, 
School of Pharmacy, Tokyo University of Pharmacy and Life Sciences, Tokyo, 
Japan, 3Department of Adult Neurology, Medical University of Gdańsk & University 
Clinical Center, Gdańsk, Poland 
*E‑mail: fiona.caratis@gumed.edu.pl

Multiple sclerosis (MS) is a  chronic, progressive, 
neuroinflammatory and neurodegenerative disease 
characterised by the entry of peripheral immune 
cells into the central nervous system via a  damaged 
blood‑brain barrier (BBB). The infiltrating immune 
cells propagate the inflammatory signalling and attack 
the myelin sheaths surrounding the neuronal axons, 
leading to their neurodegeneration and death. Oxys-
terol 7α,25OHC is a natural ligand for the Epstein‑Barr 
virus‑induced receptor 2 (EBI2, GPR183) which, among 
other functions, regulates immune cell migration. Us-
ing a  human in vitro BBB spheroid model, comprised 
of endothelial cells, pericytes and astrocytes, we char-
acterised the expression of EBI2 and EBI2‑related en-
zymes after inflammatory stimuli in the cells forming 
the BBB. We also looked at the integrity of the BBB 
after stimulation with human cerebrospinal fluid and 
serum collected from healthy and MS patients. Final-
ly, we investigated the migration of immune cells via 
opened BBB.

BENEFICIAL EFFECTS OF AP39 – A NEW 
HYDROGEN SULFIDE DONOR – ON 
MITOCHONDRIAL FUNCTIONAL PARAMETERS 
AND BLOOD‑BRAIN BARRIER INTEGRITY 
IN A RAT MODEL OF BRAIN ISCHEMIA 
Jakub Jurczyk1*, Weronika Krzyżanowska1, 
Lucyna Pomierny‑Chamioło2, Bartosz Pomierny1

1Department of Toxicological Biochemistry, Faculty of Pharmacy,  
Jagiellonian University Medical College, Krakow, Poland,  
2Department of Toxicology, Faculty of Pharmacy, Jagiellonian  
University Medical College, Krakow, Poland 
*E‑mail: jakub.jurczyk@doctoral.uj.edu.pl

Ischemic stroke is one of the leading cause of 
death and disability worldwide. Some evidence high-

lights the beneficial properties of hydrogen sulfide 
(H2S) donors in animal models of brain ischemia, but 
these data are inconclusive. This study was under-
taken to verify the neuroprotective effects of AP39 
– a novel molecule that releases H2S in the mitochon-
drial space of neural cells. For this purpose, a  mod-
el of 90‑minutes middle cerebral artery occlusion 
(MCAO) in a  rat was performed along with the tech-
niques of neurological deficit and infarct volume as-
sessment. AP39 (100 nmol/kg, i.v.) was administered 
10 minutes after reperfusion. Using the Seahorse XF 
analyzer, the functional parameters of the isolated 
mitochondria (efficiency of the oxidative phosphor-
ylation and glycolysis) from frontal cortex and dorsal 
striatum were determined. Next, the integrity of the 
blood‑brain barrier (BBB) was assessed. AP39 resulted 
in a reduction in the infarct volume and neurological 
deficit. The modulating effect of AP39 on the oxygen 
consumption rate and the level of glycolysis has been 
demonstrated. AP39 showed its protective potential 
on the BBB integrity. Results indicate that AP39 may 
have a beneficial effect in ischemic diseases, however, 
further work on the molecular mechanism of its ac-
tion is necessary.

THE INFLUENCE OF HYPERCHOLESTEROLEMIA  
ON THE STRUCTURE OF THE VASCULAR  
WALL AND THE FUNCTION OF  
THE BLOOD‑BRAIN BARRIER
Ewelina Czuba‑Pakuła1*, Sebastian Głowiński2, Sławomir Wójcik1, 
Grażyna Lietzau1, Przemysław Kowiański1,2 
1Division of Anatomy and Neurobiology, Department of Anatomy, Medical 
University of Gdansk, Gdańsk, Poland, 2Institute of Health Sciences, Pomeranian 
University in Slupsk, Słupsk, Poland 
*E‑mail: ewelina.czuba@gumed.edu.pl

The most important consequence of hypercho-
lesterolemia is increased BBB permeability, resulting 
from changes in the level of protein synthesis and 
distribution in the basal membrane of the cerebral 
vessel wall. This leads to a  disturbance in the flow 
of metabolites of the cholesterol synthesis pathway 
through the wall of the cerebral vessels, which may 
intensify inflammatory and neurodegenerative pro-
cesses. Among many vascular wall proteins and as-
sociated enzymes, agrin (Agr), matrix metallopro-
teinase‑9 (MMP9), and aquaporin‑4 (AQP4) may be of 
importance.

We analyzed the level of vascular wall proteins 
Agr, MMP9, and AQP4 by performing immunohis-
tochemical staining and BBB permeability changes 
using labeled fluorescein isothiocyanate–dextran. 
The study included the prefrontal cortex, motor cor-
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tex, hippocampus, and striatum in 3‑month‑old and 
12‑month‑old mice in the C57/BL6 control and the 
LDLR‑/‑/ApoE‑/‑ „knock‑out” group. The present 
study showed that both the development of hyper-
cholesterolemia, the age of the mice studied, and the 
location of the lesions in the brain had an impact on 
BBB function. Differences in the content of proteins 
responsible for maintaining the integrity of function-
al barrier systems have a  significant impact on BBB 
permeability, especially in younger mice. The devel-
opment of the vascular system that occurs with age 
may limit the effects of these disorders and seal the 
BBB.

COGNITIVE SESSION 1

How does exercise benefit cognition  
and emotion? 

Symposium organizer: Tomasz S. Ligeza  
(Psychophysiology Laboratory,  

Jagiellonian University in Krakow, Poland)

THE ROLE OF PHYSICAL FITNESS ON BRAIN 
STRUCTURE AND FUNCTION DURING CHILDHOOD
Irene Esteban‑Cornejo
University of Granada, Spain

Using data from a Spanish study of children with 
overweight/obesity (i.e., ActiveBrains Project), we 
examined how different components of physical fit-
ness (i.e., cardiorespiratory fitness, motor fitness and 
muscular strength) associate with brain structure 
(global and regional gray matter volume, surface and 
cortical thickness, global and regional white matter 
volume, and global and regional white matter micro-
structure) and brain function (hippocampal function-
al connectivity), and whether these associations had 
academic implications.

Our findings highlight physical fitness compo-
nents seem to selectively influence brain structure 
and function, coupled with academic implications 
in children with overweight/obesity. Specifically, 
cardiorespiratory and motor fitness were associated 
with greater gray matter tissue of numerous cortical 
and subcortical brain structures, and better hippo-
campal functional connectivity; however, muscular 
strength seems to be the fitness component more 
susceptible and selective to influence white matter, 
but not gray matter indicators. This presentation 
will guide future studies on fitness and brain health 
during childhood.

EXERCISE AND MOOD: INSIGHTS INTO BRAIN 
MECHANISMS OF THE RELATIONSHIP WITH 
THE USE OF EEG/MEG METHODS
Tomasz S. Ligeza1*, Marcin Maciejczyk2,  
Miroslaw Wyczesany1, Markus Junghoefer3,4

1Psychophysiology Laboratory, Institute of Psychology, Jagiellonian University, 
Krakow, Poland, 2Faculty of Physical Education and Sport, University of Physical 
Education, Krakow, Poland, 3Institute for Biomagnetism and Biosignal Analysis, 
University of Muenster, Muenster, Germany, 4Otto Creutzfeldt Center for Cognitive 
and Behavioral Neuroscience, University of Muenster, Muenster, Germany 
*E‑mail: tomasz.ligeza@uj.edu.pl

This presentation will continue the considerations of 
possible brain mechanisms in which exercise improves 
mood. The main focus will be on exercise‑induced chang-
es in the processing of emotional stimuli and abilities to 
control emotions after exercise and across people of dif-
ferent physical activity levels. The presented brain out-
puts are acquired using EEG/MEG measures and concern 
healthy and depressed young adults. Positive changes in 
the brain’s response to emotional stimuli, as well as chang-
es in effective connectivity patterns across structures in-
volved in mood regulation, will be proposed as possible 
mechanisms in which exercise benefits mood.	

Funding: National Science Centre in Poland (project 
number: 2019/32/C/HS6/00382).

THE ASSOCIATIONS BETWEEN 
ACCELEROMETER‑MEASURED SEDENTARY 
TIME, BEHAVIORAL AND NEUROFUNCTIONAL 
CORRELATES OF COGNITIVE CONTROL 
IN YOUNG AND MIDDLE‑AGED ADULTS
D.M. Pindus1,2,3*, C.G. Edwards4, A.M. Walk5, C.E. Zwilling2, 
T. Talukdar2, E.D. Anderson2,6, J.S. Jarret6, H.S. Schwarb2,7, 
G. Reeser1, N.A. Burd1,8, H.D. Holscher8,9, N.J. Cohen2,6,7, 
A.K. Barbey2,6, A.F. Kramer2,10, C.H. Hillman10,11, N.A. Khan1,3,8,9

1Department of Kinesiology and Community Health, the University of Illinois 
at Urbana‑Champaign, Urbana, IL, USA, 2Beckman Institute for Advanced 
Science and Technology, University of Illinois at Urbana‑Champaign, Urbana, 
IL, USA, 3Neuroscience Program, University of Illinois at Urbana‑Champaign, 
Urbana, IL, USA, 4Department of Nutritional Sciences, Pennsylvania State 
University, University Park, PA, USA 5Department of Psychology, Eastern Illinois 
University, Charleston, IL, USA, 6Department of Psychology, University of Illinois 
at Urbana‑Champaign, Urbana, IL, USA, 7Interdisciplinary Health Sciences 
Institute, University of Illinois at Urbana‑Champaign, Urbana, IL, USA, 8Division 
of Nutritional Sciences, University of Illinois at Urbana‑Champaign, Urbana, IL, 
USA, 9Department of Food Science and Human Nutrition, University of Illinois at 
Urbana‑Champaign, Urbana, IL, USA, 10Department of Psychology, Northeastern 
University, Boston, MA, USA, 11Department of Physical Therapy, Movement, 
& Rehabilitation Sciences, Northeastern University, Boston, MA, USA 
*E‑mail: pindus@illinois.edu

Epidemiological evidence suggests that sedentary 
behaviors (e.g., TV viewing, driving) may contribute to 
poorer cognitive control. However, the relationships be-
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tween sensor‑measured sedentary behavior duration, 
cognitive control, and its neurofunctional correlates re-
main poorly understood. We will present evidence on the 
associations between accelerometer‑measured sedentary 
time (ST), behavioral and neurofunctional correlates of 
cognitive control in two populations of young and mid-
dle‑aged adults. We will discuss opposing associations 
between ST and susceptibility to resistance to framing 
(a correlate of cognitive control) in young, aerobically 
fit adults using the baseline data from the INSIGHT trial 
(NCT02780739). We will show how functional connectivi-
ty of the dorsal attention network at rest, measured with 
functional magnetic resonance imaging, may contribute 
to these relationships. Second, we will present evidence 
suggesting that ST may contribute to inhibitory control 
deficits in young and middle‑aged adults with overweight 
and obesity using baseline data from Persea Americana 
for total health trial (NCT02740439). We will comple-
ment our behavioral findings with neuroelectric results 
(event‑related brain potentials), suggesting attenuat-
ed neural efficiency with higher ST in adults with over-
weight and obesity. The presented findings will highlight 
potential behavioral and neurofunctional pathways that 
may contribute to decreased cognitive performance in 
sedentary young and middle‑aged individuals.

Funding: The research is partly based upon work sup-
ported by the Office of the Director of National Intelligence 
(ODNI), Intelligence Advanced Research Projects Activity 
(IARPA), via Contract 2014–13121700004 to the University 
of Illinois at Urbana‑Champaign (PI: Barbey). The views 
and conclusions contained herein are those of the authors 
and should not be interpreted as necessarily representing 
the official policies or endorsements, either expressed or 
implied, of the ODNI, IARPA, or the U.S. Government. The 
U.S. Government is authorized to reproduce and distribute 
reprints for Governmental purposes not‑ withstanding any 
copyright annotation thereon. Support for PATH trial (PI: 
Khan): the USDA National Institute of Food and Agricul-
ture, Hatch project 1009249. Additional support: the Hass 
Avocado Board (Institutional Award Number 079273).

UNRAVELING NEURAL MECHANISMS 
UNDERLYING EXERCISE‑MOOD RELATIONSHIPS 
IN YOUNG HEALTHY ADULTS USING MAGNETIC 
RESONANCE IMAGING (MRI)
Angelika Maurer*
Clinical Functional Imaging, Department of Diagnostic and Interventional 
Radiology, University Hospital Bonn, Bonn, Germany 
*E‑mail: angelika.maurer@ukbonn.de

While it has already been shown that exercise can 
have beneficial effects on mood and even symptoms of 
psychiatric disorders, we are still in the early stages of 

understanding which neural mechanisms drive these ef-
fects. Therefore, investigating acute and long‑term exer-
cise interventions on affective processing using modern 
imaging techniques like magnetic resonance imaging 
(MRI) may be particularly fruitfull for unraveling the 
neural mechanisms underlying exercise‑induced affec-
tive changes. An overview will be provided of acute and 
long‑term exercise intervention studies using structural 
and functional (task‑based and resting‑state) MR imag-
ing focusing on affective modulation. The presented re-
sults highlight underlying brain mechanisms mediating 
exercise‑mood relationships in healthy young adults.

COGNITIVE SESSION 2

Emotional processing in modern 
neuroscience – from  

human‑rat dyads to VR devices 

NEURAL CORRELATES OF EMOTION REGULATION 
DYSFUNCTION IN PROCRASTINATION 
Magdalena Pietruch1,2*, Ewa Wiwatowska2, 
Jarosław Michałowski2 

1Faculty of Psychology and Cognitive Science, Adam Mickiewicz University, 
Poznań, Poland, 2Laboratory of Affective Neuroscience, SWPS University of Social 
Sciences and Humanities, Poznań, Poland 
*E‑mail: mpietruch@swps.edu.pl 

Procrastination, the voluntary delay of beginning or 
completing an intended task despite the negative con-
sequences of doing so, is a  prevalent problem that en-
tails severe academic, professional, financial, and health 
consequences. According to the influential emotion reg-
ulation perspective, procrastination occurs when people 
prioritize short‑term mood repair over pursuing their 
long‑term goals. This suggests that chronic procrastina-
tion may be related to emotion regulation dysfunction; 
however, more research is necessary, as no studies to 
date have directly investigated the behavioral and neu-
rophysiological mechanisms that occur during the use 
of different emotion regulation strategies in high versus 
low procrastinating participants. 

In the present EEG study, 80 participants were re-
cruited based on their high or low scores in the Pure 
Procrastination Scale. With the use of emotion regu-
lation task, we compared amplitudes of the late posi-
tive potential as indices of effectiveness of two emo-
tion regulation strategies: cognitive distraction and 
cognitive reappraisal. We also assessed participants’ 
preference for using either strategy. The results from 
high (versus low) procrastination individuals suggest 
a decreased ability to distract attention from negative 
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stimuli in this group. The results suggest that task de-
lay in procrastination may be related to difficulty in 
detaching from the perceived aversiveness of the task.

Funding: Project financed by Study@research Grant 
under the “Excellence Initiative – Research University” 
Program at Adam Mickiewicz University (5 000 PLN). 

WOULD YOU LIKE TO MEET ME AT A PICNIC? 
A NEW METHOD FOR MEASURING SOCIABILITY 
BY AN FMRI PROCEDURE 
Aleksandra Domagalik‑Pittner1, Malwina Ankiewicz3*, 
Aleksander Wołek3, Halszka Kontrymowicz‑Ogińska2 

1The Neuroimaging Research Group, Małopolska Centre of Biotechnology, 
Jagiellonian University, Cracow, Poland, 2Department of Cognitive Neuroscience 
and Neuroergonomics, Institute of Applied Psychology, Jagiellonian University, 
Cracow, Poland, 3Institute of Zoology and Biomedical Research, Faculty of 
Biology, Jagiellonian University, Cracow, Poland  
*E‑mail: malwina.ankiewicz@gmail.com 

We present a new method to measure “sociability”. It 
can be understood as a trait or state ‑  tendency to interact 
with other people or to withdraw and self‑isolate. We as-
sume that the way of perceiving people’s faces as more or 
less amiable, as well as willingness to know them better, 
could be an appropriate measure of this trait (or state). 
Apart from temperamental characteristics, some partic-
ular circumstances in day‑to‑day functioning, like sleep 
deprivation, can modulate conviviality and thus affect the 
quality of social relations in private and professional life. 

PICNIC consists of 40 pictures of men and women 
from which participants choose those people they would 
like to know better – all during an MRI registration.

In this preliminary study data gathered from 10 sub-
jects (9 females; mean age 22.3 ± 1.2 years) was analyzed. 
We applied ROI and IC analyses to examine the contrast 
between chosen and rejected stimuli. Important acti-
vations in visual and dorsal attention networks were 
observed. The most promising results are the visible 
contrasts in DMN and structures associated with brain 
reward network: anterior insula and caudate nucleus. 

Funding: This research was supported by the grant 
from the Polish National Science Centre Nr 2018/29/B/
HS6/01934. 

MODELLING (AFFECTIVE) BEHAVIORS 
IN VIRTUAL ENVIRONMENTS 
Jan K. Argasiński*
Institute of Applied Computer Science, Jagiellonian University, Krakow, Poland  
*E‑mail: jan.argasinski@uj.edu.pl 

One of the basic assumptions in affective computing 
is that there are physiological, quantitative correlates 

of emotional responses. However, the specificity of 
these reactions for individual emotions, as well as the 
cognitive aspect – how the excitation is interpreted by 
the feeling individual – remains problematic. 

In the presented research, the subject of our interest 
was the possibility of modelling the behavior of VR simu-
lation participants (Study 1, n=20) and users of a specially 
selected computer game (Study 2, n=18) based on infor-
mation from ECG, GSR, eye tracker and other sensors. 

The obtained results indicate that the interpreta-
tion of the stimulation of the sympathetic/parasympa-
thetic nervous system can be significantly facilitated 
by strict control of the environment and tagging of the 
context enabled by the virtual nature of the settings. 

The results of the research indicate that the virtual 
environment enables both the control of the subject’s 
arousal and the interpretation of his psychophysiological 
states. Thanks to detailed data on the actions undertaken 
by the user, it is possible to create detailed models for fur-
ther analysis. 

It could be imagined that the virtual experimental 
environments may soon become one of the important 
tools in behavioral research regarding both human and 
non‑human animals. 

FEAR CONTAGION IN HUMAN‑HUMAN  
AND HUMAN‑RAT DYADS INVOLVES THE 
BASOLATERAL AND CENTROMEDIAL AMYGDALA 
Kaźmierowska A.1,2*, Szczepanik M.1,2,3, Kostecki M.2, 
Nikołajew T.2, Michałowski J.M.4, Wypych M.1,  
Marchewka A.1, Knapska E.2 

1Laboratory of Brain Imaging, Nencki Institute of Experimental Biology of Polish 
Academy of Sciences, Warsaw, Poland, 2Laboratory of Emotions Neurobiology, 
BRAINCITY – Centre of Excellence for Neural Plasticity and Brain Disorders, 
Nencki Institute of Experimental Biology of Polish Academy of Sciences, Warsaw, 
Poland, 3Psychoinformatics Lab, Institute of Neuroscience and Medicine, Brain & 
Behaviour (INM‑7), Research Centre Jülich, Jülich, Germany, 4Laboratory of Affective 
Neuroscience, SWPS University of Social Sciences and Humanities, Poznań, Poland 
*E‑mail: a.kazmierowska@nencki.edu.pl 

Fear contagion is an automatic, unconscious process 
of aligning emotional distress of one animal to that of the 
other. Considering its important evolutionary role, we 
hypothesized it to be a  cross‑species phenomenon that 
would involve the amygdala. We thus investigated the so-
cial transfer of fear between humans and rats. The habit-
uated rats were handled by familiar humans who under-
went the fear conditioning task and following the interac-
tion, the rats’ amygdalae activations were analyzed using 
the c‑Fos expression. Additionally, we used functional 
magnetic resonance imaging to investigate the activa-
tions in the amygdalar nuclei during fear contagion be-
tween human subjects. The rat amygdala was activated to 
a higher extent in experimental compared to control rats. 
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A  significant change in activation was observed in both 
basolateral and centromedial nuclei, as compared to the 
average activations from the control group. The amygdala 
activation was also present in human data, and was also 
significantly increased in both basolateral and centrome-
dial nuclei when compared to the baseline hemodynamic 
response. These results are the first to demonstrate that 
the same amygdalar subparts are activated in both hu-
man‑human and human‑rat fear contagion. This suggests 
that the common system of emotional communication 
may exist in both humans and rats.

Funding: Data collection and analysis were spon-
sored by National Science Centre grant 2015/19/B/
HS6/02209. Ewelina Knapska was supported by Europe-
an Research Council Starting Grant (H 415148). 

AN ERP STUDY: CAN INTRA‑UTERINE DEVICE 
USE ALTER EMOTION PROCESSING?
I. Zelionkaite1*, R. Gaizauskaite1, H. Uusberg2, A. Uusberg2, 
B. Derntl3, R. Griksiene1  
1Department of Neurobiology and Biophysics, Vilnius University, Lithuania, 
2Institute of Psychology, University of Tartu, Estonia, 3Department of Psychiatry 
and Psychotherapy, University of Tübingen, Germany 
*E‑mail: ingridazelionkaite@gmail.com 

Emotion processing depends on menstrual cycle, oral 
contraception use. Little is known whether the use of the 
hormonal intra-uterine device (IUD) affects emotional 
functioning. The aim of our study was to investigate IUD 
impact on women brain activity and perceived negativity.

Thirty-three IUD users, 33 women in follicular (NCF) 
and 28 women in luteal (NCL) phase of their menstru-
al cycle participated in the study. Participants were 
instructed to watch upcoming neutral, low and high 
negativity images and to evaluate perceived negativi-
ty after each stimuli while their electroencephalogram 
was recorded. Emotion perception related ERPs were 
evaluated. Emotional arousal and fatigue levels were 
measured using VAS scales.

There were no group differences in perceived nega-
tivity. Higher arousal level was positively related with 
negativity values while watching low and high nega-
tivity pictures. High and low intensity negative pic-
tures induced higher LPP than neutral images (300 – 
600 ms). Amplitudes of the early ERP components (P2, 
P3, N2) were lower for IUD users than for NCF and NCL 
women while watching negative stimuli (low + high 
negativity).

Results suggest possible emotion processing and at-
tention alteration via changed brain activity when IUD 
is used. 

The study was part of the project of the Baltic-Ger-
man University Liaison Office supported by the German  

Academic Exchange Service (DAAD) with funds from 
the Foreign Office of the Federal Republic Germany.

COGNITIVE SESSION 3

Approaches to increase replicability 
in neuroscience – lessons learned 

from consortia, many analysts and 
cooperative data collection 

Symposium organizer: Katharina Paul  
(University Hamburg, Germany)

INCREASING RELIABILITY IN CLINICAL 
NEUROIMAGING: MEGA‑ANALYTIC FINDINGS 
FROM THE ENIGMA TRANSGENDER  
PERSONS WORKING GROUP
Sven Mueller
Ghent University, Belgium 

One common problem with clinical MRI research is 
that sample sizes of tested populations are small. This 
can be due to either a  small prevalence rate or a  dif-
ficulty to recruit a  particular population. Individu-
al neuroimaging studies of transgender persons have 
rarely achieved samples sizes of larger than 30 individ-
uals (per group). To increase reliability of findings, the 
ENIGMA Transgender Persons Working Group, a  con-
sortium of presently 10 different labs around the world, 
was created. Here, the analysis of 800 structural brain 
scans of roughly 200 transgender men, 200 transgender 
women, 200 cisgender men and 200 cisgender women 
will be presented. Finally, in the last third of the talk 
I will touch briefly on a second way to increase reliabil-
ity in neuroimaging, namely by rescanning the same 
participants within a  session. Data from such a  study 
also in transgender persons will be presented.

A NOVEL ATTEMPT TO IMPROVE REPLICABILITY  
OF EEG‑PERSONALITY ASSOCIATIONS: 
THE COSCIENCE PROJECT
Katharina Paul, Jan Wacker 
Department for Differential Psychology, University Hamburg,  
Hamburg, Germany

The issues at the centre of the replicability crisis, 
such as low statistical power and undisclosed flexibili-
ty in data analysis, are amplified in research aiming to 
link individual differences in EEG markers to variations 
in personality due to between‑subjects research designs 
and high complexity of data processing. The CoScience 
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Team, a  collaboration of ten EEG‑personality labora-
tories, employs the principles of cooperative forking 
paths analysis for the first time, aiming to address this 
unsatisfactory state of affairs by significantly increas-
ing statistical power through sharing the load of data 
collection, and by eliminating undisclosed flexibility in 
data analysis. The latter is achieved through collabora-
tive identification of both the most appropriate and all 
defensible pre‑processing and analysis paths, and docu-
mentation of the resulting multiverse of millions of al-
ternative analyses and results. These principles will be 
illustrated by data on the relationship between resting 
frontal alpha asymmetry and trait approach motivation. 

EEG MANYPIPELINES: ONE DATASET MANY 
PIPELINES – HOW ROBUST ARE EEG FINDINGS? 
Elena Cesnaite 
Institute of Psychology, University of Münster, Germany 

Analysis of electrophysiological data is marked by a 
large variability in the analytic approaches used to an-
swer seemingly similar research questions. This type of 
variability might contribute to difficulty replicating and 
reproducing neuroscientific findings. Although few re-
cent studies addressed the question on the impact of the 
analytic decisions to the result, it hasn’t been thoroughly 
studied in a more naturalistic large-scale setting. EEG-
ManyPipelines project aims to investigate robustness of 
electrophysiological findings across different analysis ap-
proaches provided by experienced EEG researchers ana-
lyzing a single dataset to answer 8 hypotheses. More than 
300 teams consisting of 665 researchers applied for the 
project: Teams were encouraged to analyze the data and 
answer hypotheses with a pipeline and analysis methods 
of their choice. Importantly, teams were asked to use ap-
proaches that they would deem appropriate given their 
usual research practices. Within this symposium we 
would like to present the initial findings of the project. 

ARTEM‑IS: IMPROVING REPRODUCIBILITY 
AND REPLICABILITY OF EEG RESEARCH 
BY ENHANCING TRANSPARENCY
Anđela Šoškić1,2, Vanja Ković2*, Suzy J. Styles3 
1Teacher Education Faculty, University of Belgrade, Belgrade, Serbia, 2Laboratory 
for Neurocognition and Applied Cognition, University of Belgrade Faculty of 
Philosophy, Belgrade, Serbia, 3Nanyang Technological University, Psychology, 
Singapore; Nanyang Technological University, Centre for Research and 
Development on Learning (CRADLE), Singapore; A*Star Research Entities, 
Singapore Institute for Clinical Sciences (SICS), Singapore 
*E‑mail: vanja.kovic@f.bg.ac.rs 

The challenges of reproducibility and replicabili-
ty have recently come into the spotlight, particularly 

since Open Science Collaboration published a  paper 
evaluating state of the art in the field (Open Science 
Collaboration, 2015). Within the field of EEG, rich data-
sets and complex processing and analysis pipelines in-
tensify this issue further. This problem has been recog-
nized by multiple recent projects in the field EEGMa-
nyLabs, EEGManyPipelines, COBIDAS, and ARTEM‑IS, 
which will be presented in this talk. 

One of the challenges on the road to reproducible 
and replicable science is transparency in the scientif-
ic record. INCF Working Group on ARTEM‑IS (Agreed 
Reporting Template for EEG Methodology – Interna-
tional Standard) aims to develop reporting tools for 
documenting methodological decisions of EEG studies 
and pipelines, as well as to engage the scientific com-
munity in developing and using such tools.

COGNITIVE SESSION 4

Plastic brain and language  
– adaptive changes of neural networks 

RESTING‑STATE FUNCTIONAL CONNECTIVITY 
BETWEEN CANONICAL RESTING‑STATE NETWORKS 
CHANGES ACROSS A 7‑MONTH TACTILE BRAILLE 
READING COURSE 
Aleksandra M. Herman1*, Maciej Gaca1, Agnieszka Kulesza1, 
Alicja Olszewska1, Dawid Droździel1, Katarzyna Jednoróg2, 
Artur Marchewka1 
1Laboratory of Brain Imaging, Nencki Institute of Experimental Biology, Polish 
Academy of Sciences, Warsaw, Poland, 2Laboratory of Language Neurobiology, 
Nencki Institute of Experimental Biology, Polish Academy of Sciences, 
Warsaw, Poland  
*E‑mail: a.herman@nencki.edu.pl 

The human brain is active during rest and is or-
ganised into intrinsic functional networks. However, 
it remains unknown to what extent the communica-
tion within and between these functional networks 
changes in adults undergoing cross‑modal training. 
Eighteen Braille‑naive sighted participants took part 
in an extensive 7‑month‑long tactile Braille reading 
course. Seventeen age and gender‑matched partici-
pants were also recruited as a  passive control group. 
We measured functional connectivity within and be-
tween eight brain networks in a  longitudinal rest-
ing‑state fMRI study with five imaging  sessions over 
seven months. We tested for a group‑by‑time interac-
tion to determine whether training to read in a tactile 
domain produces changes in resting‑state functional 
connectivity. While functional connectivity within 
resting‑state networks did not change significantly, 
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we observed some changes in functional connectivi-
ty between resting‑state networks. Specifically, func-
tional connectivity between the Dorsal Attention Net-
work (DAN) and Somatosensory Network (SMN) was 
strengthened during training in the Braille group with 
no changes in the Control group. This suggests that 
cross‑modal training, such as learning to read in a dif-
ferent modality, might invoke changes in communica-
tion between separate brain networks. The increased 
functional connectivity between DAN and SMN might 
reflect increased attention paid to tactile signals in 
Braille learners.  

Funding: This study was supported by the National 
Science Centre grant number 2018/30/E/HS6/00206. 
AH is supported by the Foundation for Polish Science 
(FNP).

DISCOVERING PATTERNS OF ORTHOGRAPHIC AND 
PHONOLOGICAL PROCESSING IN CHILDREN WITH 
DEVELOPMENTAL DYSLEXIA – AN FMRI STUDY
Marta Wójcik*, Katarzyna Jednoróg, Agnieszka Dębska 
Laboratory of Language Neurobiology, Nencki Institute of Experimental Biology, 
Warsaw, Poland 
*E‑mail: ma.wojcik@nencki.edu.pl 

Fluent reading requires building orthographic and 
phonological representations (i.e., knowledge how to 
spell and pronounce words). In developmental dyslexia 
deficits in both areas are often reported. Thus, to spec-
ify those issues on a neural level, we designed an fMRI 
study in the Rapid Adaptation Paradigm in which we 
tested two groups of children (aged 9‑13): control (CON; 
n=30) and with dyslexia (DYS; n=33). In scanner we re-
peatedly presented words that shared phonology but 
differ in orthography (homophones, e.g., kret‑kred), 
shared both (kret‑kret) or differed in both (kret‑no-
ga). Our results on a  whole‑brain level confirmed be-
tween‑group differences in the reading network; e.g., in 
homophone condition in the left IFG (opercularis, tri-
angularis) (CON>DYS, .001, p<0.05, FWEcc) – regions in-
volved in phonological processing also often disrupted 
in dyslexia. During presentation we will introduce ROI 
comparisons based on an independent localizer task 
that allows to define individual orthographic and pho-
nological areas for each participant. We aim to demon-
strate the atypical rapid adaptation patterns in DYS. 
Finally, we will employ multivariate pattern analysis 
to discuss the stability of representations. DYS should 
produce less stable neural representations indicating 
general problems with processing lexical stimuli.

Funding: “Neural and cognitive basis of spelling 
impairment” National Science Centre grant 2019/35/
HS6/01677.

BRAIN BASIS OF SPEECH PRODUCTION IN THE 
NATIVE AND A SECOND LANGUAGE: AN FMRI 
STUDY USING FUNCTIONAL LOCALIZERS
Agata Wolna1*, Jakub Szewczyk2, Michele Diaz3, 
Aleksandra Domagalik4, Marcin Szwed1, Zofia Wodniecka1 
1Language and Bilingualism Lab,  Institute of Psychology, Jagiellonian University, 
Krakow, Poland, 2Donders Institute for Brain Cognition and Behaviour, Radboud 
University, Nijmegen, The Netherlands, 3Social, Life, and Engineering Sciences 
Imaging Center, the Pennsylvania State University, Pennsylvania, United States, 
4Center for Brain Research, Jagiellonian University, Krakow, Poland  
*E‑mail: agata.wolna@doctoral.uj.edu.pl 

This study attempted to characterize neural basis of 
speech production in the native (L1) and a second (L2) 
language. Many neuroimaging studies found differences 
in brain activity corresponding to speaking in a second 
language compared to the native language (L2 vs. L1). 
However, it is unclear whether these differences reflect 
increased engagement of cognitive control or differ-
ences in language‑specific computations. We addressed 
this question in an fMRI study in which forty‑one Pol-
ish‑English bilinguals named pictures. We compared 
activity within the domain‑general cognitive control 
network and the language network (bilateral ROIs) to 
examine which is more sensitive to L2 processing (i.e., 
L2>L1). We also looked at three more specific func-
tional networks supporting articulation, interference 
resolution and lexical retrieval. Our results show that 
speaking in L2 compared to L1 engaged more strongly 
the left but not right domain‑general cognitive control 
network. On the contrary, we found no differences be-
tween languages in the left language‑specific network 
while the right language‑specific network was engaged 
more strongly in processing of L1 compared to L2. Pro-
duction in L2 was also associated with a higher activi-
ty within left‑lateralized ROIs in networks engaged in 
interference resolution and lexical retrieval but not in 
articulation.

Funding: This research was possible thanks to the 
grant from National Science Centre awarded to Zofia 
Wodniecka (OPUS 2017/27/B/HS6/00959). 

LONG‑ AND SHORT‑TERM ADAPTATION 
OF THE BILINGUAL LANGUAGE SYSTEM TO 
DIFFERENT LANGUAGE ENVIRONMENTS: 
ELECTROPHYSIOLOGICAL EVIDENCE 
Jonas Walther1*, Alba Casado1,2, Agata Wolna1,  
Jakub Szewczyk1,3, Zofia Wodniecka1 
1Psychology of Language and Bilingualism Lab, Institute of Psychology, 
Jagiellonian University, Krakow, Poland, 2Research Center for Mind, Brain and 
Behavior, University of Granada, Spain, 3Donders Institute for Brain, Cognition 
and Behaviour, Nijmegen, the Netherlands  
*E‑mail: Jonas.walther@doctoral.uj.edu.pl 
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The present study explored how the neural mecha-
nisms of native language lexical access in migrants change 
after long‑term immersion in a foreign language (L2) en-
vironment and after reimmersion in a  native language 
(L1) environment. We tested Polish‑English migrants liv-
ing for about ten  years in the UK (L2 environment) and 
Polish‑English controls living in Poland (L1 environment). 
All participants performed a  picture‑naming task while 
we recorded their electrophysiological responses. The 
migrants were tested before and after visiting the L1 envi-
ronment, while the controls were tested twice in their L1 
environment. We focused on exploring two event‑related 
components associated with the ease of lexical access: P2 
and N300. We found that re‑immersion in L1 modulated 
the P2 in the migrants, such that higher amplitudes were 
evoked in response to picture naming during immersion 
in the L2 environment compared to after a reimmersion 
in the L1 environment. However, we did not find a modu-
lation of the N300 by group or by reimmersion. These re-
sults seem to indicate that migrants experience increased 
difficulty in the L1 lexical access   while being immersed 
in an L2 environment, which can be overcome after 
a short‑term reimmersion in the L1 environment.

Funding: The research was possible thanks to a Na-
tional Science Centre grant (2015/18/E/HS6/00428) 
awarded to Z.W. 

INVESTIGATION OF EEG SPECTRAL AND TEMPORAL 
PROPERTIES WITHIN THE CONCURRENT 
HIERARCHICAL TRACKING (CHT) PARADIGM 
Anna Stróż1*, Szymon Bocian1, Anna Duszyk‑Bogorodzka1,2, 
Marian Dovgialo1, Piotr Durka1  
1Biomedical Physics Division, Institute of Experimental Physics, Faculty of Physics, 
University of Warsaw, Warsaw, Poland, 2Behavioural Neuroscience Lab, Institute of 
Psychology, SWPS University of Social Sciences and Humanities, Warsaw, Poland  
*E‑mail: a.stroz@uw.edu.pl 

Concurrent Hierarchical Tracking (CHT) is a  para-
digm allowing for observation of neural activity associ-
ated with rhythmicity of auditory stream stimuli com-
posed of words, phrases or sentences. Within this par-
adigm, durations of each stimulus entity (e.g., mono-
syllabic words), constructed phrases and sentences are 
constant. Therefore, the stimuli streams contain prede-
termined frequencies, which are related to the rhyth-
micity of words, phrases or sentences. Comprehension 
of single words may lead to the emergence of higher 
linguistic entities, such as phrases or sentences (e.g., 
small dog eats bone). Standard approach to detection 
of these frequencies in EEG was based upon Inter‑Trial 
Phase Coherence. However, this approach detects only 
phasic relationships between trials, without inspection 
of their spectro‑temporal properties.  

We present preliminary results of ERP and spec-
tro‑temporal analyses conducted on the basis of the 
pilot EEG datasets (N=9) recorded in the CHT para-
digm, revealing statistically significant effects in the 
time‑frequency space and ERP. Obtained results may 
help us to better understand the dynamics of activities 
related to hierarchical language comprehension.  

Funding: The research was supported by the IDUB 
programme grant “IV.4.1. A complex programme of sup-
port for UW PhD students – 1st research competition”. 
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Neuroimaging of the reading brain

Symposium organizer: Katarzyna Chyl  
(Laboratory of Language Neurobiology,  
Nencki Institute of Experimental Biology,  

Polish Academy of Sciences, Warsaw, Poland)

CAPTURING LETTER AND SOUND LEARNING 
IN TYPICAL AND DYSLEXIC READERS 
Milene Bonte
Maastricht Brain Imaging Center, Maastricht University, The Netherlands

The formation of efficient associations between visu-
al and spoken language representations forms a  funda-
mental step in reading development. Although we have 
a  fairly good understanding of how our brain processes 
already learnt associations, we know very little about un-
derlying learning processes. In this talk I will discuss how 
behavioral, EEG and fMRI measures can be used to track 
neurobehavioral changes during letter and speech sound 
learning, and how these changes may relate to dyslexia.

EARLY READING SKILLS AND THE VENTRAL 
OCCIPITO‑TEMPORAL CORTEX ORGANIZATION
Chyl K.1*, Gentile F.2, Dębska A.1, Wójcik M.1,  
Bonte M., Jednoróg K.1

1Laboratory of Language Neurobiology, Nencki Institute of Experimental Biology, 
Polish Academy of Sciences, Warsaw, Poland, 2 Maastricht Brain Imaging 
Center and Department of Cognitive Neuroscience, Faculty of Psychology 
and Neuroscience, Maastricht University, Maastricht, The Netherlands 
*E‑mail: k.chyl@nencki.edu.pl

Learning to read impacts the way the ventral occipi-
totemporal cortex (VOT) reorganizes. The postulated un-
derlying mechanism of neuronal recycling was recently 
revisited. An experimental data showed that voxels weak-
ly specialized for visual processing keep their initial cat-
egory selectivity, while acquiring an additional, stronger 
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responsivity to written words. Here, we examined a large 
and diverse group of six‑year‑olds prior to literacy train-
ing (N=72) using various data analysis techniques (univar-
iate, multivariate, rapid adaptation) and types of stimuli 
(print, symbols, houses, faces) to further explore how VOT 
changes and adapts to reading. We found that only print 
activated a wide network of language related areas outside 
of the bilateral VOT, and the level of reading skill was re-
lated to the extent and strength of this activation. Adapta-
tion effect was not directly related to the level of reading 
skill, but revealed the emergence of the reading network 
in readers. Importantly, we found that the reorganization 
of the VOT is not an “invasion” by reading acquisition – 
voxels previously activated for faces started to respond 
more for print, while at the same time keeping their pre-
vious function. We can thus conclude that the revised hy-
pothesis of neuronal recycling is supported by our data.

Funding: This study was funded by the Polish Na-
tional Science Center (grants 2014/14/A/HS6/00294 
and 2019/32/T/HS6/00270).

THE DEVELOPMENT OF THE 
ORTHOGRAPHY‑PHONOLOGY INTEGRATION 
IN OCCIPITOTEMPORAL CORTEX AND ITS 
RELATIONS TO THE READING ACQUISITION
Dębska A.*, Chyl K., Wójcik M., Jednoróg K.
Laboratory of Language Neurobiology, Nencki Institute of Experimental Biology, 
Polish Academy of Sciences, Warsaw, Poland 
*E‑mail: a.debska@nencki.edu.pl

The region of the left ventral occipitotemporal 
cortex (VOTc) encompassing Visual Word Form Area 
is considered to host orthographic representations 
of words. Even though this area was studied in visu-
al word processing, there is evidence of multimodal 
engagement of the left VOTc in spoken language. It is 
supposed to facilitate the integration of phonological 
and orthographical representations needed for an ef-
fective reading acquisition. To investigate the develop-
ment of the left posterior and anterior VOTc involve-
ment in spoken language processing and its relations 
to the reading ability we tested 47 Polish beginning 
readers at the beginning of the formal literacy acquis-
tion and two years later. In fMRI tasks children had to 
decide whether two auditory words start with the same 
sound (phoneme matching), if they rhyme (rhyming) 
or if they are identical (word matching). Univariate 
and multivariate approaches showed the increase of 
integration proccess with the time of schooling. The 
most relevant integration processes occurs on a small-
est grain size of phonological processing in agreement 
with the high transparency of Polish orthography and 
differently than in opaque English orthography.

Funding: This research has been made possible by 
the Kosciuszko Foundation scholarship at Vanderbilt 
University, Nashville, TN. 

INVESTIGATING NEURAL NOISE IN DYSLEXIA 
USING FUNCTIONAL MAGNETIC RESONANCE 
SPECTROSCOPY (FMRS) AND EEG POWER 
SPECTRUM
Katarzyna Wasilewska1, Agnieszka Glica1*, Bartosz Kossowski2, 
Katarzyna Jednoróg1

1Laboratory of Language Neurobiology, Nencki Institute of Experimental 
Biology, Polish Academy of Sciences, Warsaw, Poland, 2Laboratory of Brain 
Imaging, Nencki Institute of Experimental Biology, Polish Academy of Sciences, 
Warsaw, Poland 
*E‑mail: a.glica@nencki.edu.pl

Dyslexia is a developmental disorder characterized 
by a  specific difficulty in learning to read and write 
that cannot be explained by low intellectual level or by 
incorrect teaching methods in school. According to the 
neural noise hypothesis, dyslexia is a  consequence of 
disturbance in synaptic transmission. In particular, an 
imbalance between main excitatory (glutamate) and 
main inhibitory neurotransmitter (GABA) is assumed 
– specifically with elevated glutamate concentrations 
in dyslexia. However, experimental data verifying this 
hypothesis is still missing. During our talk, we will 
present results from our study in which we tested the 
neural noise hypothesis in dyslexia in adolescents and 
young adults (aged 15‑24) using two methods. First, 
a  direct measure of neurotransmitters’ concentra-
tions in the course of reading words (i.e., functional 
magnetic resonance spectroscopy, fMRS) and second, 
an indirect indicator of excitatory to inhibitory neu-
rotransmitters’ ratio (i.e., 1/f signal from EEG power 
spectrum). 

Funding: This study was funded by the Polish Nation-
al Science Center OPUS grant (2019/35/B/HS6/01763) 
awarded to Katarzyna Jednoróg.
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Search for neural biomarkers  
of aware consciousness 

THE NEXT TRIAL WILL BE CONFLICTING! 
NEURAL UNDERPINNINGS OF PROACTIVE 
ACTION CONTROL
Ilona Kotlewska*, Bartłomiej Panek, Dariusz Asanowicz
Institute of Psychology, Jagiellonian University, Krakow, Poland 
*E‑mail: i.kotlewska@uj.edu.pl
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The talk will investigate the neural basis of proactive 
adjustments of executive control, and their modulatory ef-
fects on online processing of response conflict. In two EEG 
experiments, participants performed the flanker task in 
which conflict trials were signaled by predictive (red) cue. 
We observed improved behavioral performance in the pre-
dictive condition, suggesting that participants proactively 
used the cues to prepare for the upcoming demands. Con-
flict‑related modulations of midfrontal EEG component 
N2, theta power, and theta phase synchrony were smaller 
in the predictive than in the neutral condition. This sug-
gests that proactive control suppressed the impact of in-
congruent flankers in conflict trials, so that the conflict 
was reduced, and so was the online control involvement. 
Conflict‑cueing also increased midfrontal theta power and 
connectivity between occipital and midfrontal sites before 
target onset, suggesting pre‑activation of the control pro-
cesses beforehand. Unlike the online control, the proactive 
control triggered a burst of theta power in the right hemi-
sphere’s dorsal and ventral lateral prefrontal cortices. In 
other words, two separate components of frontal theta 
power were observed during the proactive adjustments of 
control. This indicates that the two modes of control in-
volve partially unique neural processes.

Funding: NCN grant nr 2016/22/E/HS6/00139.

PERCEPTUAL AWARENESS NEGATIVITY – DOES IT 
REFLECT AWARENESS OR ATTENTION?
Łucja Doradzińska*, Michał Bola
Laboratory of Brain Imaging, Nencki Institute of Experimental Biology of Polish 
Academy of Sciences, Warsaw, Poland 
*E‑mail: l.doradzinska@nencki.edu.pl

A growing body of evidence indicates that Perceptual 
Awareness Negativity (PAN) – a negative ERP component 
observed at posterior brain regions around 200 ms after 
the stimulus presentation – is a robust correlate of phe-
nomenal awareness. However, in terms of spatio‑temporal 
features PAN is very similar to the previously described 
ERP correlates of selective attention (e.g., SN and N2pc). 
Therefore, whether PAN is indeed a specific mechanism of 
perceptual consciousness or rather an index of attention-
al amplification remains to be addressed. To this end we 
designed two experiments in which stimulus awareness 
and various aspects of visual attention were manipulat-
ed orthogonally. Participants were presented with letters, 
which were either backward‑masked or unmasked. Let-
ters were presented on the attended or unattended side of 
the screen and were defined as targets or task‑irrelevant 
distractors. Our analysis revealed that PAN’s amplitude 
was more negative in response to letters presented on the 
attended side of the screen (in comparison to letters on 
the unattended side) or defined as targets (in comparison 

to distractors). Therefore our study suggests that PAN is 
modulated by both spatial attention and task‑relevance 
and thus should not be considered a “pure” and specific 
correlate of consciousness.

Funding: Grant project 2018/29/B/HS6/02152 Na-
tional Science Centre Poland.

TOWARDS UNDERSTANDING THE ROLES 
OF THE RTPJ AND THE MPFC IN THEORY 
OF MIND: FMRI STUDY
Karolina Golec1*, Agnieszka Pluta1, Jakub Wojciechowski2,3, 
Tomasz Wolak2, Maciej Haman1, Joanna Wysocka1

1Faculty of Psychology, University of Warsaw, Poland, 2World Hearing Center, 
Institute of Physiology and Pathology of Hearing, Bioimaging Research Center, 
Kajetany, Poland, 3Nencki Institute of Experimental Biology, Warsaw, Poland 
*E‑mail: karolina.golec@psych.uw.edu.pl

In the current study we aimed to inform the ongoing 
debate concerning the neurocognitive basis of the The-
ory of Mind (ToM) as a crucial but complex social‑cog-
nitive ability. by investigating the functional divisions 
within the dedicated ToM network.

To this end 61 healthy adults took part in an  fMRI 
study in which we examined the responses of the key 
nodes of the ToM network taking into consideration 
the phase of others’ mental state processing. We ex-
plored the activity patterns during two ToM tasks en-
gaging belief‑reasoning. We expected to observe differ-
ential patterns of activity related to the phases of 1) 
formation of mental state representation and 2) report-
ing others’ beliefs.

We demonstrate a  division of function between 
the right posterior temporo‑parietal junction (RTP-
Jp) and the medial prefrontal cortex (mPFC) during 
ToM task performance. The former seems crucial for 
representing the mental states whereas the latter is 
rather engaged in reporting them. Moreover the ac-
tivity of mPFC seems not to be specific for ToM. This 
is further supported by the seed‑to‑ROI resting‑state 
fMRI analysis. Our results add to the evidence that 
the “core” of the ToM network is functionally hetero-
geneous and probably hierarchically organized.

Funding: This work was supported by the Polish Na-
tional Science Center under OPUS Grant [2017/25/B/
HS6/01624] to Agnieszka Pluta.

CHIRP‑EVOKED AUDITORY STEADY‑STATE 
POTENTIALS IN GAMMA BAND AS A DIAGNOSTIC 
BIOMARKER IN DISORDERS OF CONSCIOUSNESS
Julia Papiernik*, Marek Binder
Institute of Psychology, Jagiellonian University, Cracow, Poland 
*E‑mail: juliapapiernik@gmail.com
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Diagnosis of the level of awareness in disorders of 
consciousness after severe brain injury is a challeng-
ing issue. In order to establish an EEG‑based biomark-
er of awareness we have tested auditory steady‑state 
responses (ASSRs) in a group of 58 DOC patients (diag-
nosed as conscious and unconscious) and 20 healthy 
control participants. Condition of DOC patients were 
assessed with the use of Coma Recovery‑Scale Revised 
(CRS‑R) tool. To evoke ASSRs, we used chirp‑modu-
lated acoustic periodic stimulation in two variants: 
narrow‑band chirps (NBC, 1000  Hz tones, modulated 
within the range of 25‑55  Hz) and wide‑band chirps 
(WBC, white noise bursts chirp‑modulated with-
in 30‑100  Hz range). Both types of stimulation were 
decreasing in frequency during presentation. The 
inter‑trial phase clustering parameter was used to 
evaluate the strength of the response. Responses to 
NBC stimulation allowed for discrimination between 
unconscious and conscious conditions of DOC. The 
responses to WBC were significantly weaker in the 
DOC patients group than in the control group, yet we 
did not found significant differences between uncon-
scious and conscious DOC group. The results show the 
promising perspective of using gamma‑band auditory 
responses as a  potential biomarker of consciousness 
in the studied patient group.

Funding: OPUS16 project financed by the Pol-
ish National Science Centre under the award number 
2018/31/B/HS6/03920.

INDIVIDUAL DIFFERENCES IN TEMPORAL 
INFORMATION PROCESSING ARE REFLECTED 
IN EEG ACTIVITY
Klaudia Krystecka*, Magdalena Stanczyk, Aneta Szymaszek, 
Anna Bombinska, Elzbieta Szelag
Laboratory of Neuropsychology, Nencki Institute of Experimental Biology 
of Polish Academy of Sciences, Warsaw, Poland 
*E‑mail: k.krystecka@nencki.edu.pl

As time is omnipresent in our life, the efficient Tem-
poral Information Processing (TIP) is crucial not only 
for our every‑day activity, but also for mental process-
es underlying human cognition, like language, percep-
tion, memory, motor control, etc. This study was aimed 
at testing relationships between individual differences 
in TIP and EEG activity of the brain.

Eighty‑three healthy participants (Mage=25  years) 
completed: (1) Temporal‑Order Judgement task (TOJ) 
which measured the efficiency of TIP on the millisec-
ond level, and (2) EEG resting state procedure. On the 
basis of these TOJ values achieved in TIP task, subjects 
were classified into two groups characterized by high 
(HTE) or low (LTE) temporal efficiency. The analyses 

of theta, alpha, beta and gamma power activity in HTE 
and LTE groups were performed using U Mann‑Whitney 
rang test. We indicated that HTE showed significantly 
lower average range of frontal gamma than LTE (U=374; 
p<0.05). 

These results showed that more efficient millisec-
ond TIP was associated with less gamma power. It is 
consistent with the hypothesis that better cognitive 
performance may be linked to the lower cortical en-
ergy consumption. Our study suggests that temporal 
resolution is related to the dynamics of EEG activity in 
normal young adults.

Funding: Supported by National Science Centre, Po-
land, grant no. 2018/29/B/HS6/02038.
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Pupillometry: Getting information  
in the glimpse of an eye

Symposium organizer:  Beaupoil Laurent  
(Institute of Psychology,  Jagiellonian University,  

Krakow, Poland)

PUPIL DILATATION INDEXES INFORMATION GAIN
Alexandre Zénon
Université de Bordeaux, France 

Under constant lighting conditions, the diameter 
of the eye pupil, thought to index brain arousal, varies 
in response to many cognitive variables, such as atten-
tion, task difficulty, surprise, urgency, etc. In this pre-
sentation, I will show that these cognition‑induced pu-
pillary dilations have a  quantitative relationship with 
information gain, an information‑theoretic measure of 
task complexity that corresponds to the magnitude of 
the update between prior and posterior beliefs. I will 
introduce the theoretical concepts and will present 
some of the experimental evidence supporting this hy-
pothesis. I will then discuss how it has the potential 
to explain the ensemble of relationships shown so far 
between cognition and pupillary dilation.

DEVELOPING RELIABLE INTER‑INDIVIDUAL 
CHARACTERIZATION THROUGH PUPILLOMETRY: 
A FIRST APPROACH USING VARIATIONAL 
AUTO ENCODERS 
Laurent Beaupoil
Institute of Psychology, Jagiellonian University, Krakow, Poland 
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Pupil size variations are now widely recognised to 
be linked to a  wealth of cognitive functions. We rea-
soned that this relationship between pupillometry 
and cognition may provide us with a way to probe psy-
chological inter‑individual differences non‑invasively 
and reliably. During this presentation, I will show you 
the results of the first of four planned approaches of 
interindividual clusterisation based on pupil response 
by means on Variational Auto‑Encoders. Although the 
results of this first naive approach were not sufficient 
to provide reliable separation of individuals, they 
showed encouraging trends and helped us prepare the 
next steps. 

ANALYSIS OF PUPIL SIZE DYNAMICS 
DURING PRE‑TASK BASELINE AND ITS 
RELATION TO STRATEGY PREFERENCE 
IN MULTI‑ATTRIBUTE CHOICE
Król‑Józaga B.1*, Wichary S.2, Cacek J.2, van Steenbergen H.3, 
Nieuwenhuis S.3

1Department of Biocybernetics and Biomedical Engineering, AGH University of 
Science and Technology, Krakow, Poland, 2Institute of Psychology, Jagiellonian 
University, Krakow, Poland, 3Faculty of Social and Behavioural Sciences, Leiden 
University, Leiden, The Netherlands 
*E‑mail: kroljoza@agh.edu.pl

Complex decision making requires cognitive ef-
fort, and attentional processes underlying effort can 
be indexed by changes in pupil size. Pupil dynamics 
has been linked to cognitive task demands, however 
baseline pupil size has also been linked to individu-
al differences in information processing capacity. 
In the present study, we examined tonic changes of 
pupil size during two‑minute baseline period in rela-
tion to the preference for simple vs. complex strate-
gies in multi‑attribute choice. Participants performed 
a choice task where they chose one of two diamonds 
based on six cues, and their preference for either 
a  complex Weighted Additive (WADD) strategy or 
a simple heuristic Take The Best were calculated. Pu-
pil size changes were recorded for 2  min before the 
task performance. Based on previous research, we an-
alysed the baseline pupil signal to identify its various 
frequency components, in order to explore their rela-
tion with strategy preference, and we found only lim-
ited evidence for this relation. In contrast, we found 
substantial evidence for the relation between strate-
gy preference and the baseline pupil signal averaged 
across four blocks 30 s each. We discuss this evidence 
in relation to theories and findings on arousal and ef-
fort in complex cognitive tasks.

EMOTION SCHEMA EFFECTS ON ASSOCIATIVE 
MEMORY DIFFER FOR DISGUST AND FEAR
M. Riegel1,3,4*, M. Wypych1, M. Wierzba1, M. Szczepanik1, 
K. Jednoróg2, P.Vuilleumier3, A. Marchewka1

1Laboratory of Brain Imaging, Nencki Institute of Experimental Biology of Polish 
Academy of Sciences, Warsaw, Poland, 2Laboratory of Language Neurobiology, 
Nencki Institute of Experimental Biology of Polish Academy of Sciences, 
Warsaw, Poland, 3Centre Interfacultaire en Sciences Affectives, Laboratory 
of Neurology and Imaging of. Cognition, University of Geneva, Switzerland, 
4Centre interfacultaire de gérontologie et d’études des vulnérabilités, Emotion 
and Memory Lab, University of Geneva, Switzerland  
*E‑mail: monika.riegel@unige.ch

Previous behavioral and neuroimaging studies have 
consistently reported that memory is enhanced for asso-
ciations congruent or incongruent with the structure of 
prior knowledge, termed as schemas. However, it remains 
unclear if similar effects arise with emotion-related asso-
ciations, and whether they depend on the type of emo-
tions. Here, we addressed this question using a novel face-
word pair association paradigm combined with fMRI and 
eye-tracking techniques. In two independent studies, we 
demonstrated and replicated that both congruency with 
emotion schemas and emotion category interact to affect 
associative memory. Disgust was remembered better than 
fear, and only disgust activated left IFG stronger during 
encoding of congruent vs. incongruent pairs, suggestive 
of deeper semantic processing for the associations. In 
addition, successful memory formation for congruent 
disgust pairs was associated with a higher pupil dilation 
index related to sympathetic activation, longer gaze time 
on words compared to faces, and more gaze switches 
between paired words and faces. This was reversed for 
fear-related congruent pairs where the faces attracted 
longer gaze time (compared to words). Overall, our results 
provide converging evidence that congruency with avail-
able emotion schemas influence memory associations in a 
similar manner to semantic schemas. However, these ef-
fects vary across distinct emotion categories. 

Funding: This study was funded by National Science 
Centre Poland (2015/19/N/HS6/02376); MR was support-
ed by Polish Ministry of Science and Higher Education 
(Mobility Plus 1625/MOB/V/2017/0) and Polish National 
Agency for Academic Exchange (PPN/BEK/2020/1/00459).

BASELINE PUPIL SIZE PREDICTS STRATEGY USE 
IN COMPLEX DECISION MAKING
Cacek J.1*, Wichary S.1, Król‑Józaga B.2,  
van Steenbergen H.3, Nieuwenhus S.3 
1Institute of Psychology, Faculty of Philosophy, Jagiellonian  
University, Krakow, Poland, 2AGH University of Science and  
Technology, Krakow, Poland, 3Faculty of Social and Behavioural  
Sciences, Leiden University, Leiden 
*E‑mail: Jakub.cacek@student.uj.edu.pl
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Pupil size provides insights into cognitive processes, 
e.g., task‑related pupil dilation is an accurate measure 
of cognitive effort and control in various tasks. In our 
study we went beyond these findings to explore wheth-
er baseline pupil size can predict subsequent strategy 
use in complex decision‑making. Complex decision 
strategies involve intensive cognitive effort and con-
trol, thus they pose capacity demand on the decision 
maker. If pupil size is related to cognitive load, then 
baseline pupil size should predict subsequent strategy 
use. To verify this hypothesis, we conducted a process 
tracing decision making study, in which participants 
decided which of two diamonds is more expensive, 
based on six different cues. We measured how much in-
formation participants acquired before the choice and 
we identified the strategy the participants used, based 
on their choices. Using correlation and linear model 
analysis, we found that large pre‑task baseline pupil 
size is associated with using simple choice strategy, 
yet this relationship is moderated by task conditions 
and individual responsiveness to the task. These re-
sults show that, with some limitations, we can predict 
subsequent decision making strategy from a relatively 
simple measurement of baseline pupil size.

COGNITIVE SESSION 8

Specificity of language network  
in the contingentally blind brain 

MIRROR INVARIANCE FOR OBJECTS AND BRAILLE 
LETTERS IN CONGENITALLY BLIND PEOPLE  
– A BEHAVIORAL AND FMRI STUDY
Maksymilian Korczyk1*, Katarzyna Rączy2, Marcin Szwed1

1Department of Psychology, Jagiellonian University, Krakow, Poland,  
2Institute of Psychology, University of Hamburg, Hamburg, Germany 
*E‑mail: maksym.korczyk@gmail.com

Mirror‑images of objects are recognized as the same 
object, but letters aren’t (“d” is not “b”). Studies show 
that the fusiform cortex is important in mirror dis-
crimination in sighted for words and letters. Moreover, 
the congenitally blind could break mirror invariance 
for Braille letters like the sighted. Here, we investigat-
ed which neural mechanisms underlie this process.

Nineteen congenitally blind adults participated in 
our experiments. First, they performed two behavioral 
same‑different tactile comparison tasks. Stimuli were 
pairs of Braille letters, geometric shapes, and everyday 
objects (e.g., toothbrush) in same (“p” and “p”), mirror 
orientation (“p” and “q”), and different (“p” and “z”) 
pairs. In the fMRI part, Braille letters and everyday ob-

jects in the above‑mentioned formats were presented 
in a priming paradigm.

Behavior showed that subjects had shorter response 
times and higher accuracy for Braille letters and objects 
than for shapes. fMRI results showed mirror priming 
for objects in the fusiform cortex. In addition, an early 
visual cortex area distinguished between the left‑right 
orientation of Braille letters. 

Our results demonstrate that the fusiform cortex of 
the blind exhibits mirror invariance for objects similar 
to the one observed in the sighted. Mirror invariance for 
letters, however, occurs in the reorganized visual cortex.

Funding: This work was supported by the Polish 
National Science Centre (Grant Number 2018/30/A/
HS6/00595) to M.S.

PLASTICITY OF GRAMMATICAL AND SEMANTIC 
PROCESSING NETWORKS IN BRAINS OF 
CONGENITALLY BLIND INDIVIDUALS
Marta Urbaniak1,2*, Małgorzata Paczyńska3, Łukasz Bola1

1Institute of Psychology, Polish Academy of Sciences, Warsaw, Poland, 
2Graduate School for Social Research, Polish Academy of Sciences, Warsaw, 
Poland, 3SWPS University of Social Sciences and Humanities, Warsaw, Poland 
*E‑mail: murbaniak@sd.psych.pan.pl

Language processing involves similar brain regions 
across languages and cultures. This observation might 
suggest that specific brain regions are hard‑wired for 
language, and that language network can develop only 
in these regions. However, this view has been chal-
lenged by certain embodied cognition and neuroplas-
ticity theories, which predict that different sensorim-
otor experience can lead to qualitatively different im-
plementations of language in the brain. Here, we test-
ed this prediction by studying language processing in 
sighted and congenitally blind individuals, that is, in 
two groups with systematically different sensorimotor 
experience. We enrolled 20 blind and 20 sighted partic-
ipants in an fMRI experiment, in which they performed 
linguistic transformations of concrete nouns and verbs, 
abstract nouns and verbs, and pseudo nouns and verbs. 
We used multi‑voxel pattern analysis (MVPA) to re-
veal brain networks representing grammatical (nouns, 
verbs) and semantic (abstract, concrete, pseudo) char-
acteristics of words. We observed between‑group dif-
ferences primarily in left frontal and temporal regions, 
known to be implicated in grammatical and semantic 
processing in sighted individuals. Thus, our findings 
suggest that differences in sensorimotor experience 
modify salience of specific linguistic representations 
in canonical language regions. However, an overall 
shape of the language network seems relatively robust 
to changes in sensorimotor experience.
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Funding: This work was supported by a National Sci-
ence Center Poland grant (2020/37/B/HS6/01269) and 
a Polish National Center for Academic Exchange fellow-
ship (BPN/SEL/2021/1/00004) awarded to Łukasz Bola.

THE PERCEPTION OF INTEROCEPTIVE SIGNALS 
IN BLIND INDIVIDUALS
Dominika Radziun1*, Maksymilian Korczyk2, Laura Crucianelli1, 
Marcin Szwed2, H. Henrik Ehrsson1

1Department of Neuroscience, Karolinska Institutet, Stockholm, Sweden 2Institute 
of Psychology, Jagiellonian University, Krakow, Poland 
*E‑mail: dominika.radziun@ki.se

Visual deprivation is associated with massive 
cross‑modal plasticity. Here, we examined the influence 
of blindness on two sensory submodalities of intero-
ception: cardiac interoception and affective touch. We 
tested 36 blind individuals and 36 age and sex‑matched 
sighted volunteers. In experiment 1, we assessed their 
cardiac interoceptive abilities using the heartbeat 
counting task. In experiment 2, we measured perception 
of skin‑mediated interoceptive signals by asking about 
the pleasantness of touch delivered in a  C‑tactile (CT) 
optimal versus a CT non‑optimal manner, and also imple-
mented a control task of discriminative touch abilities, 
the grating orientation task. We found that blind indi-
viduals perform significantly better than sighted in the 
task measuring their cardiac interoceptive accuracy. In 
the case of affective touch, we found that blind individ-
uals rate the touch as significantly more pleasant on the 
palm as compared with the forearm. We also replicated 
the previous findings showing enhanced discriminative 
tactile acuity in the blind. We conclude that visual depri-
vation leads to enhanced interoception, which has im-
portant implications for the study of the extent of mas-
sive cross‑modal plasticity after visual loss.

Funding: This work was supported by the Polish 
National Science Centre (NCN; grant no: 2018/30/A/
HS6/00595) and Swedish Research Council (VR; grant 
no: 2017‑03135). Laura Crucianelli was supported by 
the Marie Skłodowska‑Curie Intra‑European Individu-
al Fellowship (grant no: 891175).

DECODING SPOKEN WORDS IN BRAINS 
OF SIGHTED AND CONGENITALLY 
BLIND INDIVIDUALS
Łukasz Bola1*, Marta Urbaniak1,2, Małgorzata Paczyńska3, 
Maria Kossowska1

1Institute of Psychology, Polish Academy of Sciences, Warsaw, Poland, 
2Graduate School for Social Research, Polish Academy of Sciences, Warsaw, 
Poland, 3SWPS University of Social Sciences and Humanities, Warsaw, Poland 
*E‑mail: lbola@psych.pan.pl

Spoken word comprehension involves a  wide net-
work of frontal, parietal and temporal brain regions, 
primarily in the left hemisphere. Intriguingly, in blind 
individuals, listening to spoken words also activates 
the visual cortex. Here, we used fMRI and mutli‑voxel 
pattern analysis (MVPA) to address two questions: (1) 
Does visual cortex activation in blind individuals rep-
resents differences between specific spoken words? (2) 
Can spoken word representation be observed also in 
the visual cortex of sighted individuals? We studied 20 
sighted and 17 congenitally blind participants listen-
ing to spoken words and making semantic decisions on 
word referents. We found that words can be decoded 
from primary visual cortex activation in both blind and 
sighted participants. Furthermore, searchlight analysis 
showed that brain networks representing differences 
between spoken words are overall very similar in both 
participant groups. We conclude that the overall shape 
of the spoken word comprehension network, as inves-
tigated with MVPA, is robust to changes in visual ex-
perience. We also suggest that visual cortex responses 
to spoken words, observed in blind individuals, might 
reflect an increase in visual cortex sensitivity to infor-
mation that is typically represented in this region.

Funding: This work was supported by a  National 
Science Center Poland grant (2020/37/B/HS6/01269) 
and a  Polish National Center for Academic Exchange 
fellowship (BPN/SEL/2021/1/00004) awarded to Łu-
kasz Bola.

FUNCTIONAL INVOLVEMENT OF OCCIPITAL 
CORTEX DURING READING AND SPEECH 
PROCESSING IN CONGENITAL BLINDNESS: 
EVIDENCE FROM FMRI AND TMS
Jacek Matuszewski1,2*, Łukasz Bola3,  
Olivier Collignon2,4,5, Artur Marchewka1

1Laboratory of Brain Imaging, Nencki Institute of Experimental  
Biology, Polish Academy of Sciences, Warsaw, Poland, 2Cross‑modal  
Plasticity and Perception Lab, Institute for Research in Psychology (IPSY), 
Université catholique de Louvain, Louvain‑la‑Nueve, Belgium, 3Institute  
of Psychology, Polish Academy of Sciences, Warsaw, Poland, 4School of  
Health Sciences, HES‑SO Valais‑Wallis, The Sense Innovation and Research  
Center, Lausanne, Switzerland, 5Center for Mind/Brain Sciences (CIMeC), University 
of Trento, Trento, Italy 
E-mail address: j.matuszewski@nencki.edu.pl

Multiple studies have shown that the visual cor-
tex of blind subjects responds to tactile or auditory 
stimuli in a  functionally specific fashion. However, 
the degree of retained cortical functionality is still 
debated. Here, we are investigating the roles of the 
“visual” cortex of early blind and sighted people in 
reading and speech processing. Using fMRI we identi-
fied neuronal responses to words, pseudowords, and 
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low‑level sensory stimuli during reading and speech 
1‑back tasks. While the blind early visual cortex (EVC) 
responded to linguistic and simple sensory stimuli, 
activity in the left ventral occipitotemporal cortex 
(vOTC) was specific to language. Crucially, these pat-
terns occurred both for tactile and auditory process-
ing. Similar, reading‑specific patterns were observed 
in sighted subjects, with no responses to auditory 
stimuli. Currently, we are using transcranial magnetic 
stimulation (TMS) to trace the information flow be-
tween low‑level and higher‑order visual areas. With 
20Hz paired‑pulse TMS, we are disrupting neuronal 
processing in the EVC and left vOTC during reading 
and speech processing. Therefore, this project inves-
tigates the sensory‑specific hierarchy of information 
processing in the blind visual cortex. The results 
should contribute to a  deeper understanding of the 
nature of the blind visual cortex in the context of cur-
rently discussed theoretical frameworks.

 Funding: NCN Preludium 2017/27/N/HS6/02669.

MEDICAL SESSION 1

Biomarkers of Neurodegeneration

Symposium organizer: Przemysław Kac  
(University of Gothenburg, Sweden)

CSF AND PLASMA BIOMARKERS  
FOR ALZHEIMER’S DISEASE – UPDATE  
ON PERFORMANCE AND APPLICATIONS  
IN THE CLINIC
Kaj Blennow
University of Gothenburg, Sweden 

Cerebrospinal fluid (CSF) biomarkers reflecting 
the core AD pathologies amyloid deposition (A), tau 
pathology (T), neurodegeneration (N) have been de-
veloped and show very high performance for diagno-
sis. These tests are also available on fully automated 
lab analyzers, with superior precision. Newly devel-
oped blood biomarkers for AD show promise for use 
as screening tools and therapy monitoring, which will 
be of great importance when the new amyloid immu-
notherapies will be available in the clinic. The plasma 
Ab42/40 ratio, measured using either immunoassays 
or immunoprecipitation – mass spectrometry (IP‑MS) 
methods show high concordance (AUCs of 80‑90%) 
with brain amyloidosis evaluated by PET. However, 
the effect size (fold change) in PET positive cases for 
the Ab42/40 ratio is low, when measured in plasma, 
with only around 10% decrease and a major overlap.

Very promising data have been reported for sever-
al phosphorylated tau species (P‑tau181, P‑tau217, and 
P‑tau231) in blood, showing a  specific increase in AD 
and high concordance with tau PET. In addition, plas-
ma P‑tau is increased in cognitively unimpaired elderly 
who have positive amyloid, but negative tau, PET scans. 
Recent studies show high correlations between these 
P‑tau species in both CSF and plasma, suggesting that 
differences are minor.

Neurofilament light (NFL) levels are increased in 
both CSF and blood in AD, but NFL is a general neuro-
degeneration biomarker showing high levels in many 
other neurodegenerative disorders. AD. High plasma 
GFAP is also found in cases with PET evidence of brain 
amyloidosis and shows promise as a biomarker for glial 
activation and neuroinflammation.

To implement the blood biomarkers in clinical 
routine diagnostics, data on the robustness of these 
biomarkers is needed. For a  robust biomarker, the 
combined biological, pre‑analytical, and analytical 
variability is markedly lower than the fold change 
(percent difference between patients and controls), 
also with repeated measurements. For this reason, 
blood biomarkers may better fit for risk prediction, 
in algorithms together with APOE and age, than as di-
agnostic tools. Even so, blood biomarkers will be very 
useful in the clinical setting.

BRAIN‑DERIVED TAU: A NOVEL BLOOD‑BASED 
BIOMARKER FOR ALZHEIMER’S DISEASE‑TYPE 
NEURODEGENERATION 
Fernando Gonzalez‑Ortiz1*, Michael Turton2, Przemysław R. Kac1, 
Denis Smirnov3, Enrico Premi4, Roberta Ghidoni5, Luisa Benussi5, 
Valentina Cantoni4, Claudia Saraceno5, Jasmine Rivolta4, 
Nicholas J. Ashton1,6,7,8, Barbara Borroni4, Douglas Galasko3, 
Peter Harrison2, Henrik Zetterberg1,9,10,11,12, Kaj Blennow1,9, 
Thomas K. Karikari1,13 
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University of Pittsburgh, Pittsburgh, PA, USA  
*E‑mail: Fernando.gonzalez.ortiz@gu.se 
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Blood‑based biomarkers for amyloid‑beta and 
phosphorylated‑tau (p‑tau) show good diagnostic ac-
curacies and agreements with their corresponding 
cerebrospinal fluid (CSF) and neuroimaging biomark-
ers in the amyloid/tau/neurodegeneration (AT(N)) 
framework for Alzheimer’s disease (Alzheimer’s dis-
ease). However, the blood‑based neurodegeneration 
marker neurofilament light (NfL) is not specific to 
Alzheimer’s disease while total‑tau (t‑tau) shows 
lack of correlation with CSF t‑tau. Recent studies 
suggest that blood t‑tau originates principally from 
peripheral, non‑brain sources. We generated an an-
ti‑tau antibody that selectively binds brain‑derived 
tau (BD‑tau) and avoids the peripherally‑expressed 
“big tau” isoform. We applied this antibody to de-
velop an ultrasensitive blood‑based assay for BD‑tau, 
and validated it in five independent cohorts (n=609) 
including a  blood‑to‑autopsy cohort, CSF biomark-
er‑classified cohorts, and memory clinic cohorts. In 
paired samples, serum and CSF BD‑tau were signifi-
cantly correlated (r=0.85,P<0.0001), while serum and 
CSF t‑tau were not (r=0.23,P=0.3364). Blood‑based 
BD‑tau showed equivalent diagnostic performance as 
CSF t‑tau and CSF BD‑tau to separate biomarker‑pos-
itive Alzheimer’s disease participants from biomark-
er‑negative controls. Furthermore, plasma BD‑tau 
accurately distinguished autopsy‑confirmed Alzhei-
mer’s disease from other neurodegenerative diseases 
(AUCs=86.4%) while NfL did not (AUC=54.3%). These 
performances were independent of the presence of 
concomitant pathologies.  

Plasma BD‑tau (r=0.52‑0.67 p=0.003), but not NfL 
(r=‑0.14‑0.17 p=0.501), was associated with global and 
regional amyloid‑plaque and neurofibrillary‑tangle 
counts. These results were further verified in two 
memory clinic cohorts where serum BD‑tau was in-
creased in Alzheimer’s disease but not in a  range of 
other neurodegenerative disorders, including fron-
totemporal lobar degeneration and atypical Parkin-
sonian disorders. Notably, plasma/serum BD‑tau cor-
related with NfL only in AD but not in other neuro-
degenerative groups. Across cohorts, plasma/serum 
BD‑tau was associated with CSF and plasma AT(N) bio-
markers and cognitive function. 

BD‑tau is a  new blood‑based biomarker that out-
performs plasma t‑tau and, unlike NfL, shows speci-
ficity to Alzheimer’s disease‑type neurodegeneration. 
Thus, BD‑tau demonstrates potential to complete the 
AT(N) scheme in blood, and will be useful to evaluate 
Alzheimer’s disease‑dependent neurodegenerative 
processes for clinical and research purposes.  

P‑TAU212 AS SUPERIOR BIOMARKER FOR 
ALZHEIMER’S DISEASE DIAGNOSIS 
Przemysław R. Kac1*, Fernando González Ortiz1, 
Nicholas J. Ashton1,6,7,8, Henrik Zetterberg1,2,3,4,5,  
Kaj Blennow1,2, Thomas K. Karikari1,9 
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Biofluid based phosphorylated‑tau (p‑tau) variants 
measurements are providing great diagnostic value 
in Alzheimer’s disease (AD). Core cerebrospinal fluid 
(CSF) biomarkers are total‑tau, p‑tau181 and the amy-
loid ß42(Aß42) to amyloid ß40(Aß40) ratio (Aß42/40). 
However, tau phospohorylation at other epitopes 
may provide novel insights into AD pathogenesis. We 
aimed to investigate if p‑tau212 has capacity to differ-
entiate between biomarker‑negative controls or bio-
marker‑positive AD and to correlate with the core CSF 
biomarkers. We developed and validated a  novel, ul-
trasensitive immunoassay for p‑tau212. We then  mea-
sured this biomarker in CSF of n=40 participants (n=20 
biomarker‑negative controls and n=20 biomarker‑pos-
itive AD) and its diagnostic accuracy and correlations 
were evaluated.  

CSF p‑tau212 was increased in biomarker pos-
itive‑AD versus biomarker‑negative controls (me-
dian=213.1  pg/ml versus 30.07 pg/ml; P<0.0001), 
AUC=100% (95%‑CI‑100%). We observed positive 
correlation between CSF p‑tau212 and each of CSF 
p‑tau181 (r=0.91; P=<0.0001) and CSF total‑tau (r=0.95; 
P=<0.0001). We observed negative correlation (r=‑0.62; 
P=<0.0001) between CSF p‑tau212 and CSF Aß42. 

Our results show CSF p‑tau212 can effectively 
discriminate biomarker‑positive AD from biomark-
er‑negative controls in this relatively small cohort. 
Further measurements will be done to compare utili-
ty of p‑tau212 with other conventional p‑tau epitopes 
such as p‑tau217 and p‑tau231. Efforts are underway 
to develop a blood‑based version of the p‑tau212 bio-
marker.  
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PRESUMED RESTING‑STATE EEG BIOMARKERS 
OF ALZHEIMER’S DISEASE: AN EVIDENCE 
FROM HEALTHY RISK‑CARRIERS
Patrycja Dzianok*, Ewa Kublik 
Laboratory of Emotions Neurobiology, Nencki Institute of Experimental Biology 
PAS, Warsaw, Poland 
*E‑mail: p.dzianok@nencki.edu.pl 

Alzheimer’s disease (AD) is a  global problem, with 
a  usually delayed diagnosis and no effective drugs. 
Earlier diagnosis and prevention of AD could be facil-
itated by biomarkers, which should be detectable with 
inexpensive and widely available techniques such as 
EEG (electroencephalography). A number of changes in 
spontaneous EEG have been shown in patients with AD 
and mild cognitive impairment. 

We have tested 79 healthy middle‑aged adults 
during a  resting‑state EEG session. AD risk genes, 
the APOE (rs429358/rs7412) and PICALM (rs3851179/
rs541458) alleles were determined using the traditional 
Sanger sequencing protocol. 

We have found several signal features in the AD 
risk‑carriers group, including the so‑called “slowing 
of the EEG” (which is the most noticeable and sensi-
tive EEG marker among AD patients), i.e., higher delta 
relative power, lower alpha relative power, and slower 
alpha frequency (in males). A loss of signal complex-
ity was also noticeable among the AD risk‑carriers, 
in line with earlier reports that these two measures, 
complexity and EEG slowing, are strongly related.  

These results are consistent with the current liter-
ature describing EEG features in AD patients, and were 
obtained for the very first time in healthy risk‑carriers. 
However, longitudinal studies are planned to confirm 
them as valid AD biomarkers.

Funding: This work was funded by the Polish Na-
tional Science Centre (NCN) grant no. 2018/31/N/
HS6/03551 and 2016/20/W/NZ4/00354.  

MEDICAL SESSION 2

Translational Neuropsychiatry

EXPOSURES AND NEUROPSYCHIATRIC 
DISORDERS: SMALL RNAS AND THEIR 
BIG FAT PARTNERS
Ali Jawaid
BRAINCITY: Center of Excellence for Neural Plasticity and Brain Disorders, Poland

The life experiences and environmental conditions 
are strong determinants of brain health in humans. 
Long‑term exposure to adverse conditions, such as 

traumatic experiences or nutritional insults can not 
only lead to brain diseases in the exposed individuals 
but such disease susceptibilities may also be trans-
mitted to their offspring. Two important molecular 
pathways connect environmental exposures to brain 
disorders; epigenetic factors, such as non‑coding 
RNAs (ncRNAs), and metabolic factors. Notably, our 
research shows a causal role for ncRNAs in intergener-
ational transmission of neuropsychiatric disease risk 
after early life trauma and a potential role for meta-
bolic pathways in mediating this transmission. 

CONSISTENT MIRNA SIGNATURES  
OF CHILDHOOD TRAUMA ACROSS  
DIFFERENT BODY FLUIDS IN HUMANS 
Weronika Tomaszewska1*, Magdalena Gomółka1, 
Patrycja Chudzicka‑Ormaniec1, Adria Jaume‑Cararda2, 
Bożena Kamińska‑Kaczmarek2, Anna Ziomkiewicz3,  
Ali Jawaid1 
1Laboratory of TREND (Translational Research in Neuropsychiatric Disorders), 
Centre of Excellence for Neural Plasticity and Brain Disorders (Braincity), Nencki 
Institute of Experimental Biology, Polish Academy of Sciences, Warsaw, Poland, 
2Laboratory of Molecular Neurobiology, Nencki Institute of Experimental Biology, 
Polish Academy of Sciences, Warsaw, Poland, 3Laboratory of Anthropology, 
Institute of Zoology and Biomedical Research, Jagiellonian University,  
Krakow, Poland  
*E‑mail: w.tomaszewska@nencki.edu.pl 

The main goal of this project is to systematically 
examine miRNA changes in human body fluids, that 
are relevant to long‑term sequelae of childhood trau-
ma including its intergenerational transmission. Small 
RNA sequencing followed by RT‑qPCR assays were per-
formed to identify and validate differentially regulated 
miRNAs in the serum of children with recent trauma 
in the form of paternal loss and maternal separation 
(PLMS), sperm of adult men with history of complex 
trauma, and milk from lactating mothers with history 
of childhood trauma. Pathway analysis for altered miR-
NAs was performed based on the TarBase database. 

Small RNA sequencing analysis revealed 48 miRNAs 
to be differentially expressed in the serum of PLMS 
children vs. control; whereas 29 miRNAs were differen-
tially expressed in the sperm of adult men with a his-
tory of trauma. Several differentially regulated miRNAs 
over‑lapped between analyses. Furthermore, the path-
way analysis and functional relevance of the altered 
miRNAs suggest potential implication of lipids‑associ-
ated miRNA carriers in the observed changes.  

This study found overlapping miRNA changes in 
a range of body fluids after childhood trauma that seem 
to be conserved across diverse cohorts and age‑groups. 
The close relevance of these miRNAs to lipid‑derived 
carriers is the premise of our current investigations.
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SEVERITY OF DEPRESSIVE SYMPTOMS IS 
ASSOCIATED WITH AUTISTIC TRAITS AND MEDIATED 
BY MENTALIZATION, ADULT ATTACHMENT STYLE 
AND PSYCHOLOGICAL FLEXIBILITY 
Kinga Farkas1,2*, Ágota Vass1, Eszter Komoróczy1, 
Gabriella Vizin3,4 
1Department of Psychiatry and Psychotherapy, Semmelweis University, 
Budapest, Hungary, 2Brain, Memory and Language Research Group, Institute 
of Cognitive Neuroscience and Psychology, Research Centre for Natural Sciences, 
Budapest, Hungary, 3Institute of Psychology, ELTE Eötvös Loránd University, 
Budapest, Hungary, 4Department of Clinical Psychology, Semmelweis University, 
Budapest, Hungary 
*E‑mail: farkas.kinga@med.semmelweis‑univ.hu 

Individuals with autism spectrum disorder (ASD) are 
four times more likely to experience depression in their 
lifetime than neurotypical individuals, according to a re-
cent meta‑analysis. However, the nature of this relation-
ship remains unclear. We hypothesized that attachment 
style, mentalization, social support and psychological 
flexibility might affect depressive symptoms, but due 
to difficulties in theory of mind and social communica-
tion in ASD, the extent of their effects differs between 
individuals with and without an autism spectrum dis-
order diagnosis. 1783 participants (ASD N=133, non‑ASD 
N=1650) completed an online questionnaire, comprising 
Autism Spectrum Quotient (AQ), Beck Depression Inven-
tory (BDI), Mentalization Questionnaire (MZQ), Adult 
Attachment Scale (AAS, anxious and avoidant), Multi-
dimensional Scale of Perceived Social Support (MSPSS) 
and Acceptance and Action Questionnaire‑II (AAQ‑II). 
We performed a moderated mediation analysis. The sig-
nificant association between AQ and BDI was partially 
mediated by MZQ, AAS, MSPSS and AAQ, but ASD diag-
nosis moderates this effect. In the non‑ASD group MZQ 
and AAQ‑II, while in ASD group Avoidant Attachment 
and AAQ‑II have significant indirect effects. In summa-
ry, in ASD avoidant attachment style, while in non‑ASD 
mentalization has a larger indirect effect on depressive 
symptoms. This difference is of great importance for the 
design of therapeutic interventions.

Funding: Higher Education Institutional Excellence 
Programme of the Ministry of Human Capacities in 
Hungary, within the framework of the Neurology the-
matic program of Semmelweis University.

VALIDATION OF A NEW MOUSE MODEL FOR 
AUTISM SPECTRUM DISORDER RESEARCH
Hryniewiecka K.1*, Lipiec M.1,2, Baggio S.1, Kublik E.2, 
Wiśniewska M.1 
1Laboratory of Molecular Neurobiology, Centre of New Technologies, University 
of Warsaw, Poland, 2Laboratory of Emotions Neurobiology, Nencki Institute 
of Experimental Biology, Warsaw, Poland  
*E‑mail: k.hryniewiecka@cent.uw.edu.pl 

Tcf7l2 is a  high confidence risk gene for autism 
spectrum disorder, but its role in ASD development 
is not known. To address this question we investigate 
functional consequences of TCF7L2 deficiency in the 
brain. Evidence from our laboratory shows that Tcf7l2 
is highly expressed in thalamus where it regulates the 
expression of excitability genes. The thalamus is a can-
didate structure for ASD pathogenesis, as it relays both 
sensory signals from periphery as well as signals be-
tween associative, motivational, executive and motor 
cortical regions. 

We hypothesize that TCF7L2 deficiency in thalamic 
neurons impairs the activity of thalamo‑cortical cir-
cuits, whose dysfunctions are common in psychiatric 
disorders such as ASD. In our laboratory, a mouse strain 
was created with postanal knockout of TCF7L2 in thala-
mus. To determine electrophysiological characteristics 
of thalamic neurons and thalamo‑cortical connections 
in these mice, a  series of tests will be performed, in-
cluding recording of respose to sensory stimulation in 
vivo from thalamus and cortex with Neuropixel probes 
and patch‑clamp. Our preliminary patch‑clamp results 
show decreased excitability of neurons and disfunction 
of burst mode firing in the knockout strain. Moreover, 
pilot study of prepulse inhibition in vivo showed a low-
er decrease of inhibited reponse in knockout compared 
to wild type. 

Funding: NCN OPUS 19 2020/37/B/NZ4/03261.

VALIDATION OF A NEW MOUSE MODEL FOR 
AUTISM SPECTRUM DISORDER RESEARCH
Suelen Baggio1, Kamil Koziński1, Andrzej Nagalski1, 
Marcin A Lipiec1, Łukasz M Szewczyk1, Katarzyna Hryniewiecka1, 
Alicja Puścian2, Ewelina Kanapska2, Marta Wiśniewska1

1Laboratory of Molecular Neurobiology, Centre of New Technologies, University 
of Warsaw, Warsaw, Poland, 2Laboratory of Emotions Neurobiology, Nencki 
Institute of Experimental Biology, Warsaw, Poland

Autism spectrum disorder (ASD) embraces sev-
eral behavioral and sensorimotor alterations. ASD is 
associated with neurodevelopmental impairments. 
Considering the important role of thalamocortical 
connections in processing sensory information and 
producing behavioral responses, impaired thalamic 
development can contribute to ASD symptoms. How-
ever, this assumption is poorly supported experimen-
tally. Therefore, this study aims to understand the 
role of the thalamus in the pathogenesis of ASD using 
a  new mouse model, a  strain developed in our labo-
ratory in which the regulator of thalamic maturation 
TCF7L2 is knocked out postnatally. To validate ASD‑as-
sociated phenotypes, we analyzed the mice’s behav-
ioral profile through the following behavioral tests: 
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Open field, marble‑burying test, buried food test, and 
Eco‑HAB. TCF7L2 KO mice present a decrease in social 
performance, not interacting with other mice during 
the exploration of a  cage and spending less time in 
the compartment containing social scent. They show 
a  decrease in grooming behavior and no difference 
in repetitive behavior. In addition, they do not show 
impairments in locomotor activity or olfactory func-
tion, according to the Open field and Buried Food tests. 
These results corroborate a  hypothesis that thalamic 
dysfunctions originating from perinatal development 
can be a primary cause of social deficits and behavioral 
inflexibility in ASD. 

Funding: 501‑D313‑66‑0006518 (Wiśniewska OPUS19). 

VIRTUAL SCREENING PROTOCOL TOWARDS 
THE SEARCH OF NEW NON‑STANDARD 
5‑HT7R LIGANDS  
Sabina Podlewska, Ryszard Bugno, Grzegorz Satała, 
Andrzej J. Bojarski1  
Maj Institute of Pharmacology Polish Academy of Sciences, Krakow, Poland  
E‑mail: smusz@if‑pan.krakow.pl 

Serotonin receptor 5‑HT7, a representative of ami-
nergic family of G protein‑coupled receptors (GPCRs), 
is proved to play important role in a number of patho-
physiological process occurring in the central nervous 
system (CNS), such as depression, anxiety, cognitive 
disorders, disturbances of the sleep‑wake cycle, and 
schizophrenia. Therefore, it is extensively examined 
as a drug target in the treatment of various CNS dis-
orders.  

The number of already known 5‑HT7R ligands is rel-
atively high (there are over 4800 records of compounds 
with experimentally verified activity towards 5‑HT7R 
deposited in the ChEMBL database); however, due to 
the relatively high similarity of the 5‑HT7R binding site 
with the binding pocket of the hERG potassium chan-
nel, high fraction of 5‑HT7R ligands are subject to the 
risk of displaying cardiotoxicity. The responsibility for 
the interaction with hERG is mostly put to the basic 
nitrogen of a compound (which is the main feature of 
most 5‑HT7R ligands).  

In the study, we performed virtual screening pro-
cedure towards the search of non‑standard ligands of 
5‑HT7R, which do not contain the basic nitrogen atom 
in their structure. The protocol consisted of applica-
tion of machine learning methods and docking. Experi-
mental validation of the results indicated several com-
pounds with micromolar affinity to the 5‑HT7R.

Funding: The study was supported by the grant 
OPUS 2018/31/B/NZ2/00165 financed by the National 
Science Centre, Poland (www.ncn.gov.pl).

MEDICAL SESSION 3

Novel targets in Retinal Ganglion  
Cell neuroprotection

Symposium organizer: Adrian Smedowski  
(Medical University of Silesia, Katowice, Poland)

THE ROLE OF RNA‑BINDING PROTEINS IN 
THE RETINAL GANGLION CELLS SURVIVAL
Marialaura Amadio
University of Pavia, Italy 

Increasing evidence suggests that loss of RNA homeo-
stasis is a  central feature in many pathological states, 
including eye diseases. Gene expression is controlled 
at posttranscriptional level by several factors (e.g., 
RNA‑binding proteins, coding and non‑coding RNAs) 
playing in concert to determine the fate of a given tran-
script. Among mammalian RNAbinding proteins, the 
ELAVL (embryonic lethal, abnormal visual system‑like) 
family is a masterpiece of gene expression regulation by 
affecting RNA metabolism from splicing to translation. 
The ubiquitous member of this family, HuR/ELAVL1, 
controls the expression of genes with a key function in 
physio and pathological contexts. Alterations in HuR/
ELAVL1 levels and/or function have been found in some 
cellular and animal models of age‑related ocular dis-
eases. Although the picture is far to be completed, in-
triguing findings suggest HuR/ELAVL1 involvement in 
the aetiopathology and its potentiality as a therapeutic 
target in retinal ganglion cell degeneration. 

THE CROSS‑TALK BETWEEN ESTROGEN 
SIGNALLING AND FASR/FASL PATHWAY
Piotr Rodak*
Department of Physiology, Faculty of Medical Sciences in Katowice,  
Medical University of Silesia in Katowice, Poland 
*E‑mail: piotr.rodak@sum.edu.pl

Deficiency of estrogens during the postmenopausal 
period is an important risk factor for neurodegenerative 
diseases. Estradiol deficiency can accelerate apoptotic 
cell death of retinal ganglion cells (RGC), mediated by 
TNF‑receptor family (e.g., FasR/FasL pathway). Since the 
RGC are part of central nervous system, they are unable 
to regenerate in case of damage. In the pilot study, we 
evaluated the impact of surgical menopause on the func-
tion and survival of RGC in the rat model of optic nerve 
crush (ONC). We used 8‑weeks old female Long-Evans 
rats, divided into 2 main groups depending on the time 
between ovariectomy procedure (OVE) and euthanasia 
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(2 vs. 7 weeks), and subgroups – OVE, OVE+ONC, or ONC. 
Retinal function was assessed in electroretinography 
(ERG). RGC loss was evaluated by manual counting us-
ing ImageJ software. Seven weeks after OVE, the surgi-
cal menopause induced significant retinal interneurons 
loss, but not RGC loss, however, when the ONC proce-
dure was applied, RGC appeared to be more suscepti-
ble to death in estrogens deprivation. In ERG analysis, 
photopic negative responses were severely diminished 
in OVE+ONC group. Estrogens deprivation in menopause 
induced accelerated retinal neurodegeneration that 
firstly involves retinal interneurons. The lack of estro-
gens increases susceptibility of RGC to the insult.

Funding: NCN PRELUDIUM 2021/41/N/NZ4/01271.

THE MODULATION OF RETINAL SEROTONIN 
SIGNALLING PATHWAYS USING SELECTIVE 
SEROTONIN REUPTAKE INHIBITORS AFFECTS 
THE EXPRESSION OF BDNF AND CONDUCTIVITY 
OF ELECTRIC SYNAPSES AND PREVENTS 
RETINAL GANGLION CELL DEATH
Joanna Machowicz*
Department of Physiology, Faculty of Medical Sciences in Katowice,  
Medical University of Silesia in Katowice, Katowice, Poland 
*E‑mail: asiamach@interia.pl

Selective serotonin reuptake inhibitors have shown 
many antiapoptotic and neuroprotective effects by in-
creasing BDNF content in the retina and by reducing 
conductivity of electrical synapses, thus limiting sec-
ondary neurodegeneration of Retinal Ganglion Cells 
(RGC) and retinal interneurons (RI).

Fourteen Long-Evans rats were treated orally with 
Escitalopram or PBS for 12 weeks. After 8 weeks, tran-
sient elevation of intraocular pressure was inducted in 
the right eye in order to induce retinal ischemia (IC). 
Electroretinography (ERG) was performed in a few time 
points. Four weeks later, rats were sacrificed and reti-
nas and optic nerves were isolated.

A loss of RGC density was noted in the ischemic ret-
ina treated with PBS that was not noticed in the group 
treated with Escitalopram (261±118 vs. 392±92 p<0,05). 
In the Escitalopram‑treated group, scotopic amplitudes 
of all oscillatory potentials (OP) measured in ERG were 
significantly higher 14 days after IC induction (p<0,05), 
while in the control group deep disturbance of RI func-
tion was observed, expressed in significant reduction 
of OP amplitudes (p<0.05). 

Oral treatment with Escitalopram prevents desyn-
chronization of RI function during ischemic conditions 
in a rat model. Observations presented above may be-
come crucial for new therapeutic methods for vascular 
pathologies of the retina.

HUR SILENCING PROMOTES RETINAL 
GANGLION CELLS DEGENERATION AND 
ALLEVIATES THE ACTIVITY OF EXOGENOUS 
NEUROPROTECTION IN GLAUCOMA
Anna Pacwa1,2*
1Department of Physiology, Faculty of Medical Sciences in Katowice, Medical 
University of Silesia in Katowice, Poland, 2GlaucoTech, Katowice, Poland 
*E‑mail: aniapacwa@gmail.com

The degeneration of Retinal Ganglion Cells (RGC) is 
a common process that with slow rate appears over the 
time and is related to aging. Additional external stim-
uli, like ischemia, increased intraocular pressure or in-
flammation, may accelerate this age‑related cell death 
and, by impairing RGC function, lead to blindness. The 
neuroprotective mechanisms aim to limit the nega-
tive chain‑reactions induced by the insult, prolonging 
the survival of RGC. Interestingly, ELAVL1 protein has 
been recognized as a regulator factor of most stress re-
sponse‑involved proteins, placing it in the position of 
a pivotal element in the chain of neuroprotective path-
ways. We showed that AAV‑based silencing of hur gene 
inclines the retina to senescence in healthy rats, and 
leads to pronounced RGC death in the glaucoma mod-
el. Additionally, we report that intravitreally injected 
Metallothionein II, which exerts benefits in glaucoma-
tous rat retina, fails to protect RGC when applied in 
hur‑silenced animals.

COMPUTATIONAL SESSION 1

New Methods in MRI

Symposium organizer: Tomasz Pięciak  
(Universidad de Valladolid, Spain)

DIFFUSION MAGNETIC RESONANCE IMAGING: 
MAIN APPLICATIONS AND CHALLENGES
Rita G. Nunes
University of Lisbon, Portugal

Diffusion Magnetic Resonance Imaging (dMRI) has 
become an essential tool both in research and in the 
clinic, taking advantage of the random motion of water 
molecules to probe tissue organization at a scale much 
finer than the achievable image spatial resolution. Al-
though many clinic applications still rely on the basic 
quantification of the average diffusion coefficient or 
on mapping the main diffusion orientation with Diffu-
sion Tensor Imaging, this research field has seen many 
developments since dMRI was first introduced. In this 
talk I will review some recent research efforts to ad-
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dress the limitations of basic dMRI, focusing on poten-
tial applications and ongoing challenges.

NOISE RESULTS – LONGITUDINAL SMRI 
FINDINGS CAN BE LARGELY MISATTRIBUTED 
TO DIFFERENCES IN DATA QUALITY 
Michal Rafal Zareba1,2*, Magdalena Fafrowicz3, Tadeusz Marek3, 
Ewa Beldzik3, Halszka Oginska3, Aleksandra Domagalik2

1Faculty of Biology, Jagiellonian University, Krakow, Poland, 2Malopolska Centre 
of Biotechnology, Jagiellonian University, Krakow, Poland, 3Institute of Applied 
Psychology, Jagiellonian University, Krakow, Poland 
*E‑mail: michal.rafal.zareba@gmail.com

In recent decades magnetic resonance imaging (MRI) 
has established itself as the golden standard for studying 
human brain structure and it has become increasingly 
more important to identify factors that may influence 
study outcomes and contribute to misleading conclu-
sions. With the regional time‑of‑day (TOD) differences 
in structural brain metrics heavily neglected, this work 
set out to investigate this phenomenon with voxel‑based 
(VBM) and surface‑based morphometry (SBM) using the 
largest longitudinal dataset to date (N=72). VBM re-
vealed ubiquitous and often bilaterally symmetric dif-
ferences in local grey and white matter volume across 
multiple areas. The impact of TOD on regional SBM indi-
ces was less pronounced. After inclusion of image qual-
ity metrics in the models, however, the significant TOD 
findings were drastically limited. These results suggest 
that while TOD effect might be present in some regions 
of the brain, it is image quality that has a  much more 
pronounced impact on experimental results. Neverthe-
less, both factors should be strictly controlled to prevent 
false positive findings in longitudinal MRI studies.

TRACT‑BASED MAPPING OF BRAIN WHITE MATTER 
MICROSTRUCTURE ACROSS THE LIFESPAN WITH 
DIFFUSION TENSOR IMAGING
Dominika Ciupek1, Tomasz Pięciak2

1AGH University of Science and Technology, Krakow, Poland,  
2LPI, ETSI Telecomunicación, Universidad de Valladolid, Valladolid, Spain

Diffusion magnetic resonance imaging is a  non‑in-
vasive tool depicting directional properties of water 
diffusion in fibrous tissues such as the brain white 
matter (WM). The diffusion tractography, a numerical 
procedure, allows tracking these anisotropic features 
of the brain and combining them into the trajectories 
illustrating distant brain regions linkage. As the human 
brain systematically changes across the lifespan, mea-
suring these connectivity‑based alterations becomes 
an exciting challenge both from neuroscience and clin-

ical views. This work studies the along‑track variations 
and diffusion properties alterations of WM connections 
due to brain aging based on standard diffusion tensor 
imaging. The population study aggregates the group of 
healthy subjects (31F/31M, aged 8‑75) scanned with the 
Connectome 3T Siemens and delivered with the Human 
Connectome Project. We observe the U‑shape mean dif-
fusion properties trajectories of the tract with a rapid 
elevation (+16.57% for FA) or decline (‑13.40% for MD) 
during adolescence and early adulthood, and a gradual 
decline (‑17.83% for FA) or increment (+12.87% for MD) 
respectively in adulthood with region‑dependent peak 
between 20y and 35y. Our results suggest that the un-
derlying brain aging‑related processes (demyelination 
or axonal loss) affect brain pathways spatially different 
and under varying changing rates across the lifespan.

Funding: Dominika Ciupek acknowledges the AGH 
University of Science and Technology for the grant 78/
GRANT/2022. Tomasz Pięciak acknowledges the Polish 
National Agency for Academic Exchange for grant PPN/
BEK/2019/1/00421 under the Bekker programme and 
the Ministry of Science and Higher Education (Poland) 
under the scholarship for outstanding young scientists 
(692/STYP/13/2018). This research was supported by 
PLGrid Infrastructure (CYFRONET Academic Computer 
Centre, Krakow, Poland).

MR THERMOMETRY OF THE BRAIN: ANALYSIS 
OF WATER SUPPRESSION IN SINGLE VOXEL 
SPECTROSCOPY
Marcin Sińczuk1*, Jacek Rogala2, Nikodem Hryniewicz1, 
Ewa Piątkowska‑Janko1,3, Piotr Bogorodzki
1Nalecz Institute of Biocybernetics and Biomedical Engineering PAS, Warsaw, 
Poland, 2Nencki Institute of Experimental Biology PAS, Warsaw, Poland, 3The 
Institute of Radioelectronics and Multimedia Technology, WEITI, Warsaw, Poland 
*E‑mail: msinczuk@ibib.waw.pl

In a typical PRESS (Point RESolved Spectroscopy) se-
quence the water signal is suppressed to allow for me-
tabolite peak quantification. On the other hand, water 
peak parameters are useful in further metabolite quan-
tification or other specific studies like MR thermome-
try. Our study compared temperature estimates from 
two MR spectra with either suppressed or unsuppressed 
water peaks. We investigated how suppression  puls-
es influence temperature estimates and whether sup-
pressed or unsuppressed water peaks should be used in 
future MRS thermometry studies. Six calibration data-
sets were acquired from the phantom. Each uses sup-
pressed and unsuppressed water peaks in conjunction 
with metabolites: NAA, Creatine, and Choline. In vivo 
data was acquired from 169 healthy adult subjects with 
PRESS sequence. Two spectra were acquired from each 
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subject: One before 30 minute fMRI study and one after. 
Mean brain temperatures (in vivo) showed similar signif-
icant negative changes between pre and post‑fMRI ses-
sions. Comparisons reveal that unsuppressed water data 
yields higher temperatures and higher deviations over-
all than suppressed water data. We believe that using 
suppressed water peak data (where water peak is still 
visible) is preferable but it is also feasible to use spectra 
with unsuppressed water peak in conjunction with me-
tabolites from highly suppressed spectral data.

Funding: This study was part of the grant NCBR nr 
POIR.01.01.01‑00‑0178/15‑00.

THE EFFECT OF A NOVEL AQP4 FACILITATOR, 
TGN‑073, ON GLYMPHATIC TRANSPORT 
CAPTURED BY DIFFUSION MRI AND DCE‑MRI
Alaa Alghanimy*, Conor Martin, Lindsay Gallagher, 
William M. Holmes
Glasgow Experimental MRI Centre (GEMRIC), Institute of Neuroscience and 
Psychology, University of Glasgow 
*E‑mail: a.alghanimy.1@research.gla.ac.uk

The glymphatic system is a low resistance pathway, by 
which cerebrospinal fluid enters the brain parenchyma 
along perivascular spaces via AQP4 channels. It is hypoth-
esised that the resulting convective flow of the interstitial 
fluid provides an efficient mechanism for the removal of 
waste toxins from the brain. Therefore, enhancing AQP4 
function may protect against neurodegenerative diseases 
such as Alzheimer’s disease, in which the accumulation of 
harmful proteins and solutes is a hallmark feature. To this 
day, there have been no proven treatments to enhance 
the elimination of pathogenic proteins. Here, we test 
the effect of an AQP4 facilitator, TGN‑073, on glymphat-
ic transport in a normal rat brain by employing different 
MRI techniques. Surgical procedures were undertaken to 
catheterise the cisterna magna, thereby enabling infusion 
of an MRI tracer (Gd‑DTPA). Before tracer infusion, either 
TGN‑073 or the vehicle were given via intraperitoneal in-
jection. Dynamic 3D T1 weighted imaging of glymphatic 
transport was undertaken over two  hours. Further, the 
apparent diffusion coefficient was measured in differ-
ent brain regions using diffusion‑weighted imaging. We 
found that rats treated with TGN‑073 showed the distri-
bution of Gd‑DTPA was more extensive and parenchy-
mal uptake was higher compared with the vehicle group. 
Water diffusivity was increased in the brain of TGN‑073 
treated group, which indicates greater water flux. Our 
results indicate that compounds such as TGN‑073 can 
improve glymphatic transport in the brain. Since glym-
phatic impairment due to AQP4 dysfunction is potential-
ly associated with several neurological disorders such as 
Alzheimer’s disease, dementia and traumatic brain injury, 

enhancing AQP4 functionality is a promising future ther-
apeutic target.

COMPUTATIONAL SESSION 2

Novel methods in EEG

APPLICATION OF A MULTIVARIATE  
MATCHING PURSUIT ALGORITHM  
FOR THE EVENT‑RELATED EEG SIGNALS
Joanna Duda‑Golawska*, Jaroslaw Zygierewicz
Biomedical Physics Division, Faculty of Physics, University of Warsaw, Poland 
*E‑mail: Joanna.Duda@fuw.edu.pl

Currently, the most popular approach to the analysis 
of the event‑related components observed in EEG signals 
in psychological experiments is one based on detailed 
hypotheses regarding the effects of a priori assumed lo-
cations and latencies. We propose a new tool in ERP stud-
ies based on multi‑channel Matching Pursuit combined 
with clustering. The algorithm aims to find patterns in 
EEG signals that are similar across different experimental 
conditions, but it allows for slight variability in topogra-
phy and variations in amplitude. The method has yielded 
the expected results in numerical simulations. Using sig-
nals from the emotional categorisation task experiment 
we showed that the algorithm could be used in two ways. 
First, the method can be utilised as a specific filter reduc-
ing the variability of components, as defined classically, 
within each experimental condition. Second, equivalent 
dipoles fitted to items of the activity clusters identified 
by the algorithm localise in compact brain areas related 
to the task performed by the subjects across experimen-
tal conditions. This suggests that detected activities can 
be studied as hypothetical hidden components.

RECURRENCE PLOTS, ACTIGRAPHY AND 
DISORDERS OF CONSCIOUSNESS (DOC)
Piotr Biegański*
University of Warsaw, Faculty of Physics, Warsaw, Poland 
*E‑mail: pbieganski@fuw.edu.pl

Actigraphy, which stands for measuring acceleration 
of various body parts, is considered a robust method of 
assessing circadian rhythms. At the same time, one of 
hypotheses regarding diagnosis of DOC links the state 
of the patient to the rhythmicity of his movements – as 
they may reflect restoration of circadian rhythmicity. 
However, simple methods of circadian rhythms detec-
tion failed us in the past due to how complex and diverse 
are the data gathered from patients. Recurrence plots, 
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together with quantitative analysis (RQA) are nonlinear 
methods of assessing dependencies in the data at differ-
ent time scales and seem promising as a  method more 
sophisticated than standard algorithms used in the ac-
tigraphic field. The analysis is conducted on data gath-
ered in the Alarm Clock Clinic in Warsaw. Our explor-
atory approach focuses mostly on qualitative differences 
between various stages of DOC which can be observed 
on generated recurrence plots. Those differences seem 
very promising, even though the dataset is small and ex-
tremely divergent. Standard measures used in RQA allow 
to cluster one of the stages (Unresponsive Wakefulness 
Syndrome) – acting like a necessary condition. Altogeth-
er preliminary observations made during this study give 
a glimpse of hope regarding construction of DOC stages 
classifier based on actigraphic data.

Funding: This research was supported by the Polish 
National Science Centre (UMO‑2018/31/B/ST7/01888).

MACHINE LEARNING REVEALS  
GENERALISED BRAIN‑BEHAVIOR  
ASSOCIATIONS: A DIMENSIONAL  
INVESTIGATION OF ERROR‑RELATED  
BRAIN ACTIVITY AND PSYCHOPATHOLOGICAL 
SYMPTOMS
Anna Grabowska1, Filip Sondej2, Magdalena Senderecka2

1Doctoral School in the Social Sciences, Jagiellonian University, Krakow, Poland, 
2Institute of Philosophy, Jagiellonian University, Krakow, Poland

Alterations in error processing are observable in 
a  range of anxiety‑related psychiatric disorders. For 
instance, enhanced electrophysiological responses to 
errors (i.e., error‑related negativity; ERN) character-
ise generalised anxiety disorder while schizophrenia 
shows attenuated ERN. Diagnostic categories in psy-
chiatry are, however, heterogeneous and numerous 
studies reported contradictory and non‑replicating 
findings. Thus, precise mapping of ERN to psychiatric 
symptoms remains unclear. To reveal symptoms cen-
tral for elevated ERN and error‑related positivity (Pe), 
we recorded electroencephalograms from 171 volun-
teers (120 F; 41 excluded), aged 18–40, while perform-
ing speeded Go/No–Go task and collected scores on 
7 questionnaires assessing subclinical symptoms. We 
applied machine learning methods with cross‑valida-
tion (N=96) and tested models on a hold‑out set (N=34) 
to identify generalised brain‑behavior associations. 
Our findings indicate that enhanced ERN is associated 
with rumination (R2=0.068); overestimation of threat 
(R2=0.055); inhibitory intolerance of uncertainty 
(R2=0.036). Found associations, however, are signifi-
cantly less robust than usually assumed. Pe is associ-
ated with behavioral inhibition (R2=0.023); rumination 

(R2=0.063); prospective intolerance of uncertainty 
(R2=0.044). Our results call for the change in results’ 
validating method to move towards robust findings 
that reflect stable individual differences and clinically 
useful biomarkers.

Funding: Sonata Bis grant 2020/38/E/HS6/00490 
from the National Science Centre of Poland.
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DISCHARGES DRIVEN BOLD RESPONSE 
FUNCTIONS IN EEG‑FMRI DATA 
Nikodem Hryniewicz1*, Marcin Sińczuk1, Rafał Rola2, 
Ewa‑Piątkowska Janko1,3, Danuta Ryglewicz2, Piotr Bogorodzki1,3
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Medicine, Warsaw, Poland, 3The Institute of Radioelectronics and Multimedia 
Technology, Warsaw University of Technology, Warsaw, Poland 
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Epilepsy is one of the most common neurological 
diseases. Using the discharge onset times derived from 
the EEG signal, one can compute statistical parametric 
maps (SPM) from fMRI data. It is necessary to prepare 
GLM regressors by convolving the driving neuronal ac-
tivity function with the hemodynamic response func-
tion (HRF). This work aimed to prepare a MATLAB ap-
plication that allows EEG‑fMRI analysis with different 
either HRFs or driving functions. Additionally, we com-
pared the results obtained from one patient’s data. We 
proposed 4 different driving functions and 4 models of 
the HRF. Standard statistical analysis in SPM12 showed 
activation cluster in thalamus, the voxel showing the 
maximum statistical value was therefore chosen as the 
voxel of interest. The BOLD signal from the voxel was 
extracted and the beta and mean square error values 
(MSE) were determined for each HRF model using dif-
ferent driving functions. Prepared toolbox enabled ef-
ficient processing and analysis of EEG‑fMRI data. The 
calculated beta values and MSE showed differences in 
the analysis with the use of various regressors. It has 
also been shown that changing the parameters of the 
HRF can improve the fit of estimation to the actual 
BOLD response, which can improve the result of the 
analysis.

SUPERVISED MACHINE LEARNING APPROACH CAN 
HELP TO OBJECTIVELY DIAGNOSE PROLONGED 
DISORDERS OF CONSCIOUSNESS BASED ON 
RESTING‑STATE EEG DATA
Sandra Frycz*, Marek Binder
Institute of Psychology, Jagiellonian University, Krakow, Poland 
*E‑mail: sandrafrycz@gmail.com
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Prolonged disorders of consciousness (pDoC) in-
clude unresponsive wakefulness syndrome, minimally 
conscious state, and emergence from minimally con-
scious state. The rate of misdiagnosis of pDoC amounts 
to 40%, mainly due to the difficulty of behavioral clin-
ical diagnosis in that patient group. Methods based 
on objective evaluation of brain activity may help in 
establishing a  more accurate diagnosis. We have used 
resting‑state EEG evaluation to investigate its diagnos-
tic applicability. The group of 52 pDoC patients were 
behaviorally diagnosed using Coma Recovery Scale‑Re-
vised (CRS‑R). The 10‑minute resting‑state EEG data 
were transformed into power spectra and then fitted 
using FOOOF algorithm. The resulting set of features 
describing spectral composition of the signal (spectral 
peak frequencies and aperiodic component), obtained 
from 16 channels comprising frontal, parietal and oc-
cipital regions, was examined with a  supervised ma-
chine learning (ML) Gaussian Naive Bayes classifier. 
The results demonstrated that the classifier can accu-
rately determine the diagnosis with 75% accuracy with 
CRS‑R diagnosis as reference. Classifier performance 
was probably impeded by varied pDOC aetiology, lesion 
location and diagnostic limitations of CRS‑R. Further 
development and refinement of spectral features and 
ML technique may help to develop an objective pDoC 
diagnostic tool based on a simple EEG measurement.

Funding: OPUS16 project financed by the Pol-
ish National Science Centre under the award number 
2018/31/B/HS6/03920.
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IMPACT OF SMALL MOLECULES AND 
PEPTIDES ON TAU‑MICROTUBULES 
INTERACTION AND TAU AGGREGATION 
IN PRIMARY PERIPHERAL NEURONS, 
AND MODELS OF ALZHEIMER’S DISEASE
Ahmed Soliman1,2*, Marian Oliva2, Lidia Bakota1, Valle Palomo2,3, 
J. Fernando Díaz2, Roland Brandt1,4,5
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Tau protein, a member of the microtubule associated 
proteins, is found in abundance within the vertebrates’ 
neuronal axons. In fact, Tau is involved in the regulation 
of microtubules (MTs) polymerization, it is estimated 
that almost 80% of Tau has close interaction with neu-

ronal MTs. Different Tau conformational changes can 
lead to pathological Tau aggregations causing abnormal 
aggregations, which may result in neurodegenerative 
diseases development, e.g., Alzheimer’s disease. Hence, 
we conducted a comprehended study relating Tau, MTs 
assembly and neuronal dysfunction using known and 
novel small molecules. These molecules were examined 
through in vitro experiments on two model neuronal cells: 
PC12 cells and mice dorsal root ganglia neurons primary 
culture. Tau protein isoforms were transfected into the 
neurons with a  green fluorescent protein tag. Tau‑MTs 
interaction was monitored in real time using live cell 
imaging. Moreover, we assessed the small compounds’ 
neuroprotection and cytotoxicity potentials on a human 
neuroblastoma cell line. In addition, we determined the 
tendency of those compounds to cross the blood‑brain 
barrier in an in vitro model. This study allowed us to de-
termine the dynamic changes in Tau‑MTs interaction due 
to the presence of Tau aggregates and/or the presence of 
different small molecules, as zampanolide.

Funding: This work was supported by the European 
Union’s Horizon‑2020 research and innovation program 
H2020‑MSCA‑ITN‑2019‑EJD / Grant agreement no: 860070.

INFLAMMATORY CYTOKINE TNF‑Α AFFECTS 
NEURONAL DENDRITIC SPINE DENSITY IN 
A TAU INDEPENDENT MANNER 
Kerli Tulva1*, Roland Brandt1,2,3, Lidia Bakota1

1Department of Neurobiology, Osnabrück University, Osnabrück, Germany, 
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Alzheimer’s disease (AD) is a  progressive neurode-
generative disorder with two histopathological hall-
marks, the accumulation of Aβ peptides and intracel-
lular tau fibrils. In recent years it has been found that 
inflammation has a  key impact in the development of 
the disease. Tumor necrosis factor‑α (TNF‑α) is the ma-
jor cytokine causing inflammation in AD. In this study 
the effect of TNF‑α is investigated on synaptic connec-
tivity in hippocampal organotypic slices in presence 
or absence of tau using TauKO and B6 (control) mouse 
models. The slices were treated for 2  h and 24  h with 
50 nM TNF‑α. Analysis of confocal laser scanning mi-
crographs of dendritic segments were showing a  de-
crease in spine density after 24  h of TNF‑α treatment 
in both genotypes. Indicating that tau has no effect on 
this spine parameter. Even though there was no tau 
effect, EpoD, which is a microtubule stabilizing agent, 
reversed spine density, indicating the involvement of 
microtubules in TNF‑α‑induced dendritic spine modu-
lation. The morphology of neurons was not influenced 
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by TNF‑α treatment. Our data suggest, that inflamma-
tion induced by TNF‑α affects dendritic spines via tau 
independent microtubule modulation.

TARGETING PH‑SENSING RECEPTORS 
IN MULTIPLE SCLEROSIS
Mikołaj Opiełka1,2*, Fionä Caratis2, Martin Hausmann3, 
Gerhard Rogler3, Bartosz Karaszewski1, Aleksandra Rutkowska2

1Department of Adult Neurology, Medical University of Gdansk, Gdansk, Poland, 
2Department of Anatomy and Neurobiology, Medical University of Gdansk, 
Gdansk, Poland, 3Division of Gastroenterology and Hepatology, University 
Hospital Zürich, Zürich, Switzerland 
*E‑mail: mopielka@gumed.edu.pl

Extracellular acidosis is the main characteristic of 
inflammatory processes, caused by the increased meta-
bolic demand of infiltrating immune cells. For instance, 
acidosis is one of the hallmarks of demyelinating CNS le-
sions in multiple sclerosis. Response to acidic pH is me-
diated by a family of proton‑sensing receptors including 
OGR1, GPR4, and T‑cell‑associated gene 8 (TDAG8). While 
OGR1 plays mainly proinflammatory roles, TDAG8 has 
anti‑inflammatory properties and its immunomodulato-
ry/immunosuppressive effects in oligodendrocytes and 
astrocytes depend mainly on Gαs activation and cAMP 
accumulation. We found that the pH‑sensing receptors 
are in disequilibrium in TDAG8 knock‑out mice. In the 
absence of TDAG8, the CNS expression levels of OGR1 
and GPR4 are upregulated, thus changing the balance 
towards pro‑inflammatory signalling. TDAG8 receptor 
is highly expressed in multiple sclerosis demyelinating 
plaques and its expression is induced by LPS and acid-
ic pH in both oligodendrocytes and astrocytes. The in-
crease of TDAG8 expression is observed also during the 
process of oligodendrocyte progenitors’ maturation. 
Targeting the TDAG8 receptor with its agonist – rotun-
dine (tetrahydropalmatine) results in a prompt increase 
of cAMP and induction of calcium signalling.

LIPID‑PROTEIN BALANCE IN MAJOR DEPRESSIVE 
DISORDER – FTIR AND RAMAN ANALYSIS IN 
POST‑MORTEM HUMAN FRONTAL CORTEX
Sylwia Samojedny1*, Ewelina Sujkowska2, Joanna Depciuch3, 
Patrycja Pańczyszyn‑Trzewik2, Magdalena Sowa‑Kućma2

1Student Research Club “NEURON”, Medical College of Rzeszow University, 
Rzeszow, Poland, 2Department of Human Physiology, Institute of Medical 
Sciences, Medical College of Rzeszow University, Rzeszow, Poland, 3Institute  
of Nuclear Physics Polish Academy of Sciences, Cracow, Poland 
*E‑mail: sylwiasamojedny@gmail.com

Major depressive disorder (MDD) is the most com-
mon mental disorder in world. Several dozen  years of 

research have resulted in many antidepressants, but 
there are still no reliable biological markers to help 
diagnose MDD. Raman and Fourier Transform Infra-
red (FTIR) spectroscopy provide information on the 
compounds’ chemical structure through the identifi-
cation and analysis of functional groups. Thus, both 
spectroscopic techniques were used to determine the 
quantitative and qualitative changes in the post‑mor-
tem frontal cortex collected from psychiatrically‑nor-
mal control (n=20) and MDD subjects (n=20). In MDD 
subjects significant changes in the proteins and lipids 
were observed, therefore, to determine which func-
tional groups depend on each other, correlation test 
was performed. Symmetric PO2‑groups correlated with 
CH out‑of‑plane bending vibrations. Correlation be-
tween symmetric and asymmetric PO2‑groups, was also 
visible. Moreover CH3 proteins and lipids groups cor-
related with CH out‑of‑plane bending vibrations and 
amide III. In MDD group, higher values of absorbance of 
peaks corresponding to amides II and I and symmetric 
PO2‑groups were noticed in the brain of men, while in 
the women’s tissue higher values of absorbance orig-
inating from asymmetric PO2‑groups were observed. 
Our research has shown that the balance between lipids 
and proteins in the brains of MDD patients is disturbed.

Funding: The study was supported by grants from the 
National Science Centre (contracts: UMO-2016/21/B/
NZ7/01623 and UMO-2016/23/N/NZ4/01337).

FUNCTIONAL IMPAIRMENT IN INDIVIDUALS WITH 
ANXIETY AND MOOD DISORDERS AND HISTORY 
OF SUICIDAL BEHAVIOR
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Virginija Adomaitiene1, Vesta Steibliene1,2
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There is increasing recognition of the importance 
of functional outcomes in patients with mental disor-
der and suicidal behavior. The aim of this study was to 
evaluate the severity of functional impairment among 
patients with anxiety and mood disorders (AMD) 
with risk of suicidal behavior. This study included 31 
(38±12.8  years old, 64.5% women) patients with AMD 
and high risk of suicidal behavior and 37 controls 
(42.4±12.7, 81.1% women) (without history of mental 
disorders, but with physical disability, admitted for 
physical rehabilitation). There were no significant dif-
ferences between AMD patients and the control group 
with respect to age and gender. The Sheehan Disabili-
ty Scale (SDS) was employed to measure the degree of 
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the functional impairment in work/school, social life, 
and home life on 10‑point visual analog scale; the sum 
(SDS‑total) was calculated. The mean SDS scores were 
significantly higher in AMD patients than the controls 
for social life item (6.84±2.49 vs. 0.86±1.27), for fam-
ily life item (61±2.94 vs. 1.35±1.47), for work/school 
item (6.84±2.66 vs. 1.89±2.19), and for SDS‑total score 
(20.29±7.02 vs. 4.11±4.31) (all p<0001). Patients with 
AMD and history of suicidal behavior showed more se-
vere functional impairment than patients with physi-
cal disability.

ALTERATIONS IN NRF2 PROTEIN LEVEL IN 
THE FRONTAL CORTEX OF SUICIDE VICTIMS 
AND DEPRESSED SUBJECTS ARE ASSOCIATED 
WITH NF‑ΚB(P65) CHANGES – EVIDENCE FROM 
POST‑MORTEM BRAIN STUDY
P. Pańczyszyn‑Trzewik1*, E. Sujkowska1, S. Samojedny2, 
M. Sowa‑Kućma1

1Department of Human Physiology, Institute of Medical Sciences, Medical College 
of Rzeszow University, Rzeszow, Poland, 2Student Research Club “NEURON”, 
Medical College of Rzeszow University, Rzeszow, Poland 
*E‑mail: panczyszyn_trzewik@onet.pl

There is evidence for an association between sui-
cidal behavior and major depressive disorder (MDD). 
Increasing number of studies suggest that cross‑talk 
between nuclear factor‑E2‑related factor 2 (Nrf2) and 
nuclear factor‑κB (NF‑κB) pathway can be crucial for 
regulation of oxidative stress and inflammation pro-
cesses in the brain. Our purpose was to investigate the 
level of Nrf2 and NF‑κB (p65) protein levels in whole 
tissue lysate (WTL) and nuclear fraction (N) of frontal 
cortex collected from two cohorts: I included 17 sui-
cide victims and 8 sudden‑death controls and II con-
tained 23 subjects with MDD and 23 non‑depressed 
controls. The levels of proteins was determined by 
Western blotting. Our analysis revealed a significant-
ly increased in Nrf2 protein level in the WTL of suicide 
and MDD subjects, relative to control groups. These 
alterations were linked with statistically decrease in 
Nrf2 protein level in N of suicide victims. In turn, in 
MDD a trend toward decreased Nrf2 protein level was 
observed. Interestingly, significant increase in NF‑κB 
(p65) protein level of N in cohort I and II have been 
noticed. Obtained results indicate that the changes in 
the levels of the Nrf2 and NF‑κB proteins may be in-
volved in the pathophysiology of suicide‑related dis-
orders (including MDD).

Funding: This study was supported by National 
Science Centre grants No. 2016/23/N/NZ4/01337 to 
P.  Pańczyszyn-Trzewik and 2016/21/B/NZ7/01623 to 
M. Sowa-Kućma.

EVALUATION OF THE GENE EXPRESSION RELATED 
TO NEURODEVELOPMENTAL PROCESSES AND 
NEURON‑MICROGLIA COMMUNICATION IN APP 
NL‑F/NL‑F GENETICALLY ENGINEERED MICE
Kornelia Tryzno*, Ewa Trojan, Kinga Tylek,  
Barbara Korzeniak, Agnieszka Basta‑Kaim
Laboratory of Immunoendocrinology, Department of Experimental 
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In the pathogenesis of Alzheimer’s disease (AD), mi-
croglia activation is associated with the removal of tox-
ic Aβ deposits, but excessive stimulation may contrib-
ute to prolonged inflammation. Appropriate communi-
cation between microglia and neurons is essential for 
controlling microglia activity. Specialized ligand‑re-
ceptor protein systems are responsible for this, among 
them CD200‑CD200R and CX3CL1‑CX3CR1. Both axes 
are involved in maintaining homeostasis in the brain. 
They regulate neurodevelopmental processes and are 
responsible for the normal inflammatory response, 
while their dysfunction can lead to nervous system 
disturbances. Using a  real‑time polymerase chain re-
action technique, the expression of the Cd200‑Cd200r 
and Cx3cl1‑Cx3cr1 genes in the frontal cortex and hip-
pocampus of APP NL‑F/NL‑F and control mice was as-
sessed. The mutations were shown to have a significant 
effect on the expression profile of genes involved in 
neuronal‑microglia communication depending on the 
brain structure studied and the age of the animals. 
The changes are dynamic and may be important in AD 
pathology due to their occurrence at an early stage of 
animal growth, during a period of increased microglia 
activation and before the onset of clinical symptoms. 
Investigating the mechanisms of dysfunction of these 
regulatory systems may contribute to the development 
of AD therapy and/or prevention.

WESTERN DIET LEADS TO INSULIN  
RESISTANCE IN THE BRAIN AND MAY  
TRIGGER THE DEVELOPMENT OF  
ALZHEIMER’S DISEASE
Justyna Domańska*, Anna Mietelska‑Porowska,  
Andrew Want, Angelika Więckowska‑Gacek,  
Dominik Chutorański, Maciej Koperski, Urszula Wojda
Neurobiology Center, Laboratory of Preclinical Testing of Higher  
Standard, Nencki Institute of Experimental Biology, Polish Academy  
of Sciences, Warsaw, Poland 
*E‑mail: j.domanska@nencki.edu.pl

Western diet (WD) is a  type of nourishment based 
on ultra‑processed foods. Long‑term consumption of 
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WD leads to disruption of insulin signaling and the de-
velopment of insulin resistance, which is considered 
a  risk factor for Alzheimer’s disease (AD). The aim of 
this study was to verify that WD can evoke major neu-
ropathological features of AD – amyloid‑β (Aβ) plaques 
and neurofibrillary tangles. To this aim, male C57BL/6J 
mice were fed WD or standard diet (CTR) from 3 months 
of age and analyzed at 4‑, 8‑, 12‑, and 16‑months of age. 
The effects of WD on the levels of the insulin signal-
ing pathway components: p‑IRS‑1(Ser616), p‑Akt(473), 
p‑GSK‑3β(Ser9), and on AD biomarkers: p‑Tau(Thr231) 
and APP/Aβ levels were assessed in the entorhinal 
cortex and hippocampus. Entorhinal cortex proved 
to be more sensitive and revealed an increase in 
p‑IRS‑1(Ser616) levels, indicating the development of 
brain insulin resistance. Moreover, a change in the lo-
calization of p‑Tau(Thr231) in cellular compartments 
was observed. We also observed an age‑dependent de-
crease in APP protein levels correlating with the ap-
pearance of Aβ peptides under the WD. Obtained re-
sults suggest that the WD, by inducing abnormalities 
in the insulin signaling may be considered as a signifi-
cant, modifiable risk factor for AD.

Funding: Polish National Science Centre grant 
UMO‑2014/15/D/NZ4/04361.

WESTERN DIET – FROM MICROGLIA 
DYSFUNCTION TO THE ACCELERATION 
OF ALZHEIMER’S DISEASE PATHOLOGY
Angelika Więckowska‑Gacek*, Anna Mietelska‑Porowska, 
Justyna Domańska, Urszula Wojda
Laboratory of Preclinical Testing of Higher Standard, Nencki Institute 
of Experimental Biology, PAS, Warsaw, Poland 
*E‑mail: a.wieckowska@nencki.edu.pl

Microglial phagocytosis in the early stage of Alz-
heimer’s disease (AD) plays a  beneficial role, howev-
er, during disease progression, seems to become in-
sufficient and detrimental, and combined with their 
pro‑inflammatory activity, directly and indirectly im-
pact the main hallmarks of AD in the brain (amyloid‑β 
peptides (Aβ), and tau protein hyperphosphorylation 
(pTau)). We verified the hypothesis that Western diet 
(WD) feeding characterized by high level of simple 
carbohydrates, saturated fatty acids and cholester-
ol, accelerates microglia dysfunction, what results in 
deposition of Aβ, tau protein hyperphosphorylation 
and destabilization of neuronal cytoskeleton. Trans-
genic mice expressing human APP with Swedish mu-
tation (APPswe) were divided into three age groups. 
4‑ and 8‑month‑old groups represent early pre‑symp-
tomatic stages of AD, while 12‑month‑old animals rep-
resent later stages of AD with visible amyloid patholo-

gy. The APPswe mice were fed with WD from 3rd month 
of age. WD feeding accelerated activation of microglia 
and its M1 pro‑inflammatory polarization profile, and 
induced dysfunction of microglia phagocytic function 
(↑Iba1, ↓CD68) in 8‑months old mice, what resulted in 
enhanced production of Aβ plaques and destabiliza-
tion of neurons in 12‑months old mice. These results 
indicate that the westernized pattern of nourishment 
is an important modifiable risk factor of AD develop-
ment.

Funding: Polish National Science Centre grants 
UMO‑2018/29/N/NZ7/01724 and UMO‑2014/15/D/
NZ4/04361.

DETERMINING THE IMPACT OF MOLECULAR 
CROWDING AGENTS ON DEPOSITION OF 
COLLAGEN BY CULTURED MENINGEAL CELLS
Małgorzata Dąbrowska*, Meletios‑Nikolaos Doulgkeroglou, 
Jill Mary McMahon, Dimitrios Zeugolis, Una FitzGerald
Centre for Research in Medical Devices, National University of Ireland, 
Galway, Ireland 
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The role that meningeal membranes may play in 
brain inflammation, and development of pathological 
changes, is becoming increasingly evident but further 
knowledge of their biology and 3D environment is vital. 
The meninges, comprised of dura mater and leptome-
ninges (arachnoid and pia mater), consist largely of fi-
broblasts and, in order to create meningeal models, we 
have used molecular crowding agents (MCAs) to accel-
erate collagen deposition. By modifying the dilute flask 
environment (~50 g/L of macromolecules) to mimic the 
natural, more crowded, cell habitat (~900 g/L), MCAs 
can greatly enhance modelling of 3D biostructures. 
Dura mater and leptomeninges were isolated from the 
skull and brain, respectively, of adult Sprague‑Dawley 
rats and cultured for two weeks. MCA carrageenan (CG) 
was added at varying concentrations (10 μg‑100 μg, 
three replicates per condition). After 5 days a live/dead 
assay showed CG had no impact on viability, with >95% 
alive cells and PicoGreen™ assay for DNA suggested no 
difference in cell proliferation. However, the alamar-
Blue™ assay data demonstrated a 75% reduction in met-
abolic activity in cells treated with 100 μg compared 
to control (p<0.05). Similarly, Hoechst staining con-
firmed a 34.4% reduction in cell number (p<0.05), with 
no differences in cell morphology between groups, as 
assessed by vimentin staining.

Funding: This project has received funding from the 
European Union’s Horizon 2020 research and innova-
tion programme under the Marie Skłodowska‑Curie 
grant agreement No 813263.
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HYDROGEN SULFIDE DONOR AP39 
PROTECTS HT‑22 CELLS AGAINST 
OXYGEN‑GLUCOSE DEPRIVATION
Alicja Skórkowska1, W. Krzyżanowska1, M. Whiteman2, 
B. Budziszewska1, B. Pomierny1

1Department of Toxicological Biochemistry, Jagiellonian University Medical 
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AP39 as a mitochondrially targeted hydrogen sulfide 
donor has therapeutic potential in ischemia, but little is 
known about mechanism of its neuroprotective action. 
The aim of this study was to investigate the effect of 
AP39 on neuronal cells under ischemic conditions. HT‑22 
cells were subjected to oxygen‑glucose deprivation 
(OGD) procedure to mimic ischemic conditions. AP39 
(10 nM – 250 nM) was present in the culture medium 
during OGD (21 h) and reoxygenation (3 h) periods. The 
control group was represented by HT‑22 cells cultured 
under standard conditions (normoxia and media con-
taining glucose). Cell viability in MTT reduction test as 
well as the level of extracellular lactate dehydrogenase 
(LDH) were determined. Cationic voltage‑dependent dye 
JC‑1 was used to estimate the mitochondrial membrane 
potential. Seahorse‑based assays were used to study cel-
lular bioenergetics by monitoring oxygen consumption 
rate and extracellular acidification rate. The obtained 
results showed a  significant beneficial effect of 25nM 
AP39 on viability of HT‑22 subjected to OGD in both MTT 
and LDH tests and on the mitochondrial membrane po-
tential. Tested compound modulated also cellular bioen-
ergetics. To conclude, AP39 may have neuroprotective 
effect on cells under ischemic conditions and the mech-
anism of its action might be associated with modulation 
of oxidative phosphorylation in mitochondria.

Funding: POB qLIFE (U1C/P04/NO/02.15).

PHARMACOLOGICAL INHIBITION OF MMP‑9 
ENZYME ACTIVITY IMPROVES ANIMAL RECOVERY 
AFTER ISCHEMIC STROKE 
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Matrix metalloproteinase‑9 (MMP‑9) levels are 
markedly induced after cerebral ischemia. Further-
more, this extracellularly operating protease has been 
implicated in post‑stroke functional recovery. In the 
present study to evaluate the effects of MMP‑9 inhi-
bition on post‑stroke recovery, we used PKL‑021, a po-

tent inhibitor of MMP‑9 and a drug candidate currently 
under development by Pikralida. For cerebral ischemia 
we followed focal middle cerebral artery occlusion (fM-
CAo) protocol in mice. We used animals with genetical-
ly modified MMP‑9 levels and C57BL6/J mice for con-
trol. Mice received 3 doses of PKL‑021 during the first 
24  h after ischemia. Drug pharmacokinetics was ana-
lyzed using mass spectrometry. The minimum effec-
tive dose of the drug and inhibitory effect of PKL‑021 
was determined using Western Blot‑base evaluation of 
MMP‑9 dependent cleavage of Nectin‑3, its neuronal 
substrate. We have found shown that PKL‑021 adminis-
tered after ischemic stroke improves animal condition 
and reduces neurological deficits in wild‑type animals 
as well in MMP‑9 overexpressing animals. We have also 
observed that the drug crosses the blood‑brain bar-
rier and is present in the brain after intraperitoneal 
administration. Notably, PKL‑021 inhibited MMP‑9‑de-
pendent nectin‑3 cleavage in vitro and in vivo. The cur-
rent study supports the use of PKL‑021 as a beneficial 
component of the post‑stroke recovery process.

Funding: NCBiR.

SURFACE MODIFICATION OF TIO2 NANOPARTICLES 
MODERATES NEUROLOGICAL IMPAIRMENTS AND 
UPREGULATED OXIDATIVE STRESS INDICATOR 
IN EYES OF ADULT WISTAR RATS
Katarina Bobić1*, Ana Todorović1, Snežana Pejić1, Filip Veljković2, 
Snežana Pajović1, Jovan Nedeljković3, Dunja Drakulić1

1Department for Molecular Biology and Endocrinology, VINČA Institute of Nuclear 
Sciences – National Institute of the Republic of Serbia, University of Belgrade, 
Belgrade, Republic of Serbia, 2Department for Physical Chemistry, VINČA Institute 
of Nuclear Sciences – National Institute of the Republic of Serbia, University of 
Belgrade, Belgrade, Republic of Serbia, 3Department for Radiation Chemistry and 
Physics, VINČA Institute of Nuclear Sciences – National Institute of the Republic of 
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Titanium dioxide nanoparticles (TiO2 NPs) are widely 
used in many daily necessities, including medicine, food/
beverages, and cosmetics. Besides the numerous benefits 
of TiO2 NPs utilization, their use raises public concerns 
since humans are exposed to their toxicity. As different 
alterations could moderate the observed side effects of 
commercially available bare TiO2 NPs, we investigated 
whether TiO2/SA NPs (TiO2 NPs surface‑modified with 
salicylic acid (SA)) impact the bare TiO2 NPs‑induced sen-
sory‑motor impairments and eye level of 4‑hydroxynon-
enal (HNE) as the final product of lipid peroxidation and 
indicator of oxidative stress. Our results demonstrate that 
14 days following single oral treatment both investigated 
TiO2 NPs in adult Wistar rats affected neurological func-
tions and promoted oxidative stress to different extents. 
Namely, the SA modification alleviated TiO2 NPs‑induced 
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asymmetry in four limb movement, while the hind limb 
clasping reflex and spontaneous activity scores were sim-
ilar between TiO2 groups. In the eye crude membrane 
fraction of TiO2/SA NPs‑treated rats in comparison to 
animals treated with bare TiO2 NPs, the HNE level was 
downregulated. Although SA exhibits the ability to reduce 
some TiO2 NPs toxicity, due to still unknown mechanism 
of TiO2 and TiO2/SA NPs actions, further studies are re-
quired to verify herein presented findings.

Funding: Financially supported by Ministry of Edu-
cation, Science and Technological Development of the 
Republic of Serbia, grant 451‑03‑68/2022‑14/200017.

THE LEVEL OF ACTIVATION OF THE RAT BRAIN 
NITRERGIC SYSTEM IN RESPONSE TO INDUCED 
SEIZURES AND THE RELATIONSHIP BETWEEN 
THE LEVEL OF NO AND THE INTENSITY OF 
SEIZURE BEHAVIORS
Szymon Kantor1, Agnieszka Drzał2, Martyna Elas2, Krzysztof Janeczko1 
1Laboratory of Experimental Neuropathology, Institute of Zoology and 
Biomedical Research, Faculty of Biology, Jagiellonian University, Cracow, 
Poland, 2Department of Biophysics and Cancer Biology, Faculty of Biochemistry, 
Biophysics and Biotechnology, Jagiellonian University, Cracow, Poland

Epilepsy is a complex disease that involves a diverse 
set of symptoms and neurological disorders. A conser-
vative model of the imbalance between the excitatory 
and inhibitory neurotransmitter systems is insufficient 
to understand the mechanisms of epilepsy. Therefore, 
it is necessary to include non‑classical signaling mol-
ecules such as nitric oxide (NO). However, it has not 
been possible to clearly define whether endogenous 
NO is a pro or anticonvulsive. The purpose of the study 
was to determine the temporal profile of changes in the 
activation of the brain nitrergic system in response to 
seizures and to correlate the activation of the nitrergic 
system with the intensity of seizures. The study used 
a pilocarpine model of epilepsy. The kinetics of NO re-
lease was determined by electron paramagnetic reso-
nance spectroscopy followed by NO spin trapping. Sei-
zures were classified on the basis of modified Racine’s 
scale. The data obtained allowed us to determine that 
after epileptic seizures, intense NO release lasts for 
the first 12  h. After this, the NO concentration drops 
sharply to levels that are not significantly different 
from those in control animals. Additionally, no signif-
icant correlation was found between the levels of NO 
released in the brain and the intensity of seizures.

Funding: This research was funded by the Priori-
ty Research Area BioS under the program “Excellence 
Initiative‑Research University” at the Jagiellonian Uni-
versity in Cracow, grants U1U/P03/DO/14.33 and U1U/
P03/D0/14.90.

BLOCKADE OF Н3 HISTAMINE RECEPTORS 
FACILITATES ANTISEIZURE ACTION 
OF PENTOXYPHILLINE
Prybolovets KO1*, Poshyvak OB2, Pervak MP1,  
Yehorenko OS1, Godlevsky LS1 
1Department of Biophysics, Informatics and Medical Devices, Odesa National 
Medical University, Odesa, Ukraine, 2Department of Pharmacology,  
Danylo Halytsky Lviv National Medical University, Lviv, Ukraine 
*E‑mail: kseniaprib@ukr.net

Considering the important role of inflammation in 
epilepsy development is reasonable to investigate the 
effects of combined usage of different modulators of 
neural inflammation. The work aimed to investigate the 
effects of the blocker of histamine Н3 pitolisant hydro-
chloride (Selleck, USA) and pentoxyphilline (Sigma‑Al-
drich, USA), which prevents proinflammatory cytokines 
elaboration upon pentylenetetrazol (Sigma‑Aldrich, 
USA) (PTZ)‑kindled seizures in rats. Male Wistar rats 
four  months of age kindled to the stage of generalized 
tonic‑clonic seizure fits with PTZ (35  mg/kg, i.p.) were 
used in observations. Pentoxyphilline (50  mg/kg, i.p.) 
administered with pitolisant (5  mg/kg, i.p.) caused the 
increase of first seizure manifestations latency by 67.2% 
in comparison with the control group of kindled rats 
(P<0.05). Also, PTZ‑induced generalized tonic‑clonic fits 
were prevented, and seizure severity was 1,6+0,2 scored 
points which were 2.6  times less than the control val-
ue (P<0.01). Both the latency of first seizures and their 
severity were significantly different when compared 
with separate effects of pentoxifylline (100 mg/kg, i.p.) 
or pitolizant (10  mg/kg i.p.) administrations (P<0.05). 
Also, ictal potentials were absent in the ventral hippo-
campus under conditions of combined drug adminis-
tration. Hence, gained data showed that blockade of Н3 
histamine and endogenous proinflammatory cytokines 
resulted in synergic antiseizure effects.

Funding: This research was funded by the Ministry 
of Health Care of Ukraine (Number of research work 
0121U114510).

THE MECHANISM OF REALIZATION OF 
ANTISEIZURE EFFECTS OF CEREBELLAR 
ELECTRICAL STIMULATION
Bidnyuk VK¹, Pervak MP¹, Poshyvak OB2*, Yehorenko OS1, 
Varava SV¹, Godlevsky LS¹, Haustov OO¹
1Department of Biophysics, Informatics and Medical Devices, Odessa National 
Medical University, Odessa, Ukraine, 2Department of Pharmacology,  
Danylo Halytsky Lviv National Medical University, Lviv, Ukraine 
*E‑mail: olesya.poshyvak@gmail.com

We have reported that electrical stimulations of cer-
ebellar structures resulted in the heightened antisei-
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zure effectiveness of diazepam against pentylenetetrazol 
(PTZ)‑kindled seizures. Such effects might be explained 
by the increased antioxidant mechanisms in the brain tis-
sue, which counterparts oxidative stress, as a fundamen-
tal pathogenetic mechanism of chronic epileptic activity. 
The work aimed to investigate the state of antioxidant 
defense in the cerebral cortex of PTZ‑kindled rats un-
der electrical stimulations (100 Hz, 0,25 ms, 50‑100 mcA, 
2,5  s) of the paleocerebellar cortex (V‑VII lobules). Kin-
dling was produced via three weeks of PTZ administration 
(35 mg/kg, i.p.), and animals with fully developed gener-
alized seizure fits were included in the observation. Kin-
dled animals were stimulated two times daily, three days 
starting 24 h after the last kindled seizure fit, and testing 
PTZ was administered afterward. The net reduction of su-
peroxide dismutase activity – by 40.7% and catalase – by 
32.0% in comparison with the control group of animals 
registered 24  h after the last sham stimulation. Besides, 
the level of free thiols in the cerebral cortex was ten times 
greater than in kindled rats (P<0.02). Gained data favoring 
the role of antioxidant mechanisms as contributing to an-
tiseizure effects of cerebellar ES.

Funding: This research was funded by the Ministry 
of Health Care of Ukraine (Number of research work 
0121U114510).

EFFECT OF KETOGENIC DIET ON THE NEURAL 
DEVELOPMENT – BEHAVIOR RESEARCH
Wojciech Kosiek*, Zuzanna Rauk, Zuzanna Setkowicz‑Janeczko
Laboratory of Experimental Neuropathology, Institute of Zoology and Biomedical 
Research, Jagiellonian University, Cracow, Poland 
*E‑mail: wj.kosiek@doctoral.uj.edu.pl

The ketogenic diet is a  special dietary system that 
induces a state of ketosis in the body. Many studies in-
dicate that the state of ketosis has a positive effect in 
the treatment of selected neurological conditions with 
particular application to drug‑resistant epilepsy. This 
study examines to what extent a ketogenic diet will af-
fect the behavior of young Wistar rats of both sexes in 
an open field test, which is unique for this type of study. 
The rats were divided into three dietary groups: ND, 
a  control group on a  standard diet; KDND, rats whose 
mothers were exposed to the ketogenic diet prenatal-
ly; and KD, rats that were on the ketogenic diet from 
conception to 21 days of life (P21). Rats were subjected 
to the field test twice at P30 and P60. In the case of fe-
males at P30, trends can be seen for decreasing distance 
and increasing resting time where in males there were 
no statistically significant differences. In contrast, at 
P60 the changes for females were in resting time, which 
was lower for the groups on the ketogenic diet. There 
were no statistically significant differences in males.

PROFOUND ALTERATIONS IN HIPPOCAMPAL LIPID 
RAFTS FOLLOW IN VITRO EPILEPTIFORM ACTIVITY, 
HYPOXIA AND OXYGEN‑GLUCOSE DEPRIVATION
Laia Amat‑Garcia1,2, Nádia C. Rodrigues3, José Carvalho‑Rosa2, 
Isabel Silva4, Diana Cunha‑Reis1,2,3*
1Departamento de Química e Bioquímica, and Biosystems & Integrative 
Sciences Institute (BioISI), Faculdade de Ciências da Universidade de Lisboa, 
Lisboa, Portugal, 2Instituto de Medicina Molecular, Faculdade de Medicina da 
Universidade de Lisboa, Lisboa, Portugal, 3Instituto de Ciências Biomédicas Abel 
Salazar, Universidade do Porto, Porto, Portugal 
*E‑mail: dcreis@fc.ul.pt

Seizures and hypoxic‑ischemic conditions are brain 
insults associated to increased risk of epileptogenesis. 
Lipid rafts, important CNS signalling platforms, may 
have a  crucial role in both synaptic and homeostatic 
plasticity. We now investigated the alterations in hip-
pocampal lipid raft dynamics that follow such insults in 
vitro. Hippocampal slices from male Wistar rats super-
fused with aCSF (5% O2/95% N2) were exposed to 10‑min 
hypoxia (HYPX, 5% CO2/95% N2) or oxygen‑glucose 
deprivation (OGD, 5% CO2/95% N2 and partial replace-
ment of glucose by sucrose). Epileptiform activity (EA) 
was induced by 10‑min exposure to 10 uM bicuculine 
(ictal‑like EA) or 30‑min superfusion with 0‑Mg2+ aCSF 
(mM: MgCl2, 0; KCl, 6). Lipid raft markers and synaptic 
markers were evaluated by western blot 50‑min follow-
ing those insults. Flotilin‑1, caveolin‑1 and gephyrin 
were markedly reduced following all insults whereas 
PSD‑95 suffered only changes following ictal‑like EA and 
0‑Mg2+ exposure. VGlut1 was very markedly enhanced 
following HYPX and OGD and VGAT was moderately in-
creased only after OGD. Altogether this suggests a major 
role for lipid rafts in the early response to seizures and 
hypoxia/ischemia. These may be related abnormal neu-
rotransmitter signalling, synaptic vesicle recycling or 
early adaptive synaptic plasticity phenomena following 
those insults.

Funding: Work supported by FCT, IP, Portugal. 
Grants: UIDB/04046/2020 and UIDP/04046/2020 BioISI; 
FCT/POCTI PTDC/SAUPUB/28311/2017 EPIRaft. Con-
tract Norma Transitória – DL57/2016/CP1479/CT0044.

THE EFFECT OF MINOCYCLINE ON SIZE CHANGES 
IN THE NECROSIS AREA IN CORTICAL MODEL OF 
PHOTOTHROMBOTIC ISCHEMIC STROKE IN RATS
Katarzyna Pawletko1,2*, Katarzyna Bogus3, Aniela Grajoszek1,2, 
Halina Jędrzejowska‑Szypułka1, Jarosław Barski1,2 
1Department of Physiology, School of Medicine in Katowice, Medical University 
of Silesia, Katowice, Poland, 2Department for Experimental Medicine, Medical 
University of Silesia, Katowice, Poland, 3Department of Histology, Faculty of 
Medical Sciences in Katowice, Medical University of Silesia, Katowice, Poland 
*E‑mail: katarzyna.pawletko@gmail.com
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Stroke is still a leading cause of death worldwide. In 
survivors, it can result in long‑term disabilityin with 
various severity ranges. Minocycline, by launching 
plethora of neuroprotective mechanisms may be bene-
ficial as the treatment. Therefore, it is important to de-
velop new strategies for treating ischemic strokes. Our 
goal was to examine the effect of treatment on the isch-
emic area and conditio of motor function in rats. Photo-
thrombotic focal ischemia of motor cortex was produced 
in 72 male Long‑Evans rats. We tested time windows: 
12  h, 24  h, 48  h and 7  days . Half of the experimental 
groups received an intravenous dose of minocycline (1 
mg/1 kg b.w/1 ml solution, 10 min after stroke). CatWalk 
XT, Grip Strength‑test and elevated runway‑tests were 
performed. Nissl staining and immunohistochemistryon 
paraffin scraps were performed. The size, shape and area 
of the necrosis were measured. In groups with minocy-
cline we observed statistically significant improvement 
the volume and shape of the necrotic area after an isch-
emic stroke. The greatest changes were observed in the 
time groups 48 h and 7 days.

Treatment with use minocycline affects the de-
crease in the volume of the necrotic area. 

HSP70 – DEPENDENT MECHANISMS OF 
ENDOGENOUS NEUROPROTECTION. 
NEW TARGET LINKS OF PHARMACOLOGICAL 
CORRECTION AFTER CHRONIC PRENATAL HYPOXIA
Olena Aliyeva1*, Igor Belenichev2

1Department of Medical Biology, Zaporizhzhia State Medical University, 
Zaporizhzhia, Ukraine, 2Department of Pharmacology and Medical Formulation, 
Zaporizhzhia State Medical University, Zaporizhzhia, Ukraine 
*E‑mail: aliyeva1eg@gmail.com

Prenatal hypoxia (PH) causes pathological chang-
es in the brain and can lead to irreversible long‑term 
disorders of its development and the emergence of 
neuropsychiatric pathologies in children. The aim of 
this research was to study the effect of drugs (Angi-
olin, Thiotriazoline, Tamoxifen, Glutoredoxin, Cere-
brocurin, Mexidol, L‑arginine and Piracetam) on the 
expression of HSP70 protein as a factor of endogenous 
neuroprotection to further substantiate their use in 
the treatment of prenatal CNS damage in a  model of 
chronic hemic PH. Expression levels of mRNA HSP70 
and the content of HSP70 in the cytoplasmic and mi-
tochondrial fractions of the brain of rat on the 60th 
day of life after PH were determined by real‑time PCR 
and enzyme immunoassay. It has been established that 
chronic PH inhibits transcriptional processes in neu-
rons and suppresses the synthesis of HSP70. The stud-
ied drugs are able to modulate HSP70‑mediated mech-
anisms of endogenous neuroprotection. The most ac-

tive among HSP70 modulators in conditions of chronic 
PH are cerebrocurin and angiolin, which outperform 
other studied drugs in terms of increased expression 
of HSP70 mRNA and HSP70 protein concentration in 
the brain of experimental animals and can be consid-
ered as promising neuroprotective agents in complex 
therapy after PH.

CHARACTERISTICS OF INFILTRATING CELLS 
WITHIN BRAIN HEMATOMA IN A RAT MODEL 
OF INTRACEREBRAL HEMORRHAGE 
Alona Kuraieva1, Serhii Savosko1, Yuri Chaikovsky1, 
Olexandr Makarenko2

1Department of Histology and Embryology, Bogomolets National Medical 
University, Kyiv, Ukraine, 2Department of Psychology, Interregional Academy  
of Personnel Management, Kyiv, Ukraine

The some studies of the role of endogenous mesen-
chymal stem cells in the central nervous system recov-
ery after stroke are encouraging. The characteristics of 
cells infiltrating into a  brain hematoma were investi-
gated in this work. The intracerebral hemorrhage was 
modeled in the right internal capsule, by two‑stage in-
jection of autologous blood of 0.02 ml. Hemorrhage area 
and cellular responses at 1, 3, 10, 30, and 60 days were 
studied and compared with changes along the needle 
track in the brain of rats, without blood injection. The 
degree of hemorrhage and cell infiltration were ranked 
as points: 1 – small hematoma / single infiltrated cells; 
2 – average hematoma / group of cells around hemato-
ma; 3 – large hematoma with neuroinflammation/mul-
tiple infiltrates. The CD34, CD44, CD68, CD90 and CD146 
positive cells occur in the hematoma with the highest 
intensity on the 3rd and the 10th day, whereas they are 
mainly absent on the 60th day. There is no relationship 
between the intensity of infiltration and the degree of 
hemorrhage, but a tendency for the appearance of CD44 
positive cells in neuroinflammation was noted. Given 
the fact that mesenchymal cells express the investigat-
ed CD markers, we suggest their participation in the re-
covery processes after a hemorrhagic stroke.

THE INFLUENCE OF THE KETOGENIC 
DIET ON METABOLIC CHANGES AFTER 
TRAUMATIC BRAIN INJURY
Małgorzata Grochowicz*, Zuzanna Rauk, Zuzanna Setkowicz
Laboratory of Experimental Neuropathology, Institute of Zoology and Biomedical 
Research, Jagiellonian University, Krakow, Poland 
*E‑mail: malgorzata.1.grochowicz@student.uj.edu.pl

The ketogenic diet (KD) is a  low‑carbohydrate, 
high‑fat diet in which the main energy source are ke-
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tone bodies. This diet, used primarily in the treatment of 
drug‑resistant epilepsy, is nowadays considered a ther-
apeutic solution in various neurological conditions, 
including traumatic brain injury (TBI). The aim of our 
experiment was to evaluate the effect of KD application 
after TBI. 27‑days‑old rats were divided into 2 groups 
receiving ketogenic or standard diet (SD). Penetrating 
brain injury was performed at postnatal day 30 in half of 
the animals from each group. The blood glucose, ketone 
levels, and body mass were monitored for the following 
30 days. The analysis revealed a reduced weight gain in 
injured KD animals compared to the control group on 
KD. No such effect was observed for the SD rats. In rats 
on KD, weight gain was lower than in animals on SD, de-
spite higher caloric intake in the groups on KD. Glucose 
level was lower in KD rats, however, a keto‑adaptation 
occurred in the control group 19 days after KD introduc-
tion, which in TBI rats was observed 14 days later. The 
conducted experiment shows that TBI is associated with 
slower keto‑adaptation which may indicate systemic 
changes in glucose metabolism.

PRENATAL STRESS SENSITIZES MICROGLIA 
CELLS TO LIPOPOLYSACCHARIDE‑INDUCED 
INFLAMMATORY RESPONSE: LINK TO THE 
IMPACT OF THE FPR2 ACTIVATION
K. Kamińska1*, M. Regulska1, M. Leśkiewicz1, E. Trojan1, K. Tylek1, 
K. Curzytek1, E. Lacivita2, M. Leopoldo2, A. Basta‑Kaim1

1Department of Experimental Neuroendocrinology, Maj Institute of Pharmacology 
PAS, Cracow, Poland, 2Department of Pharmacy – Drug Sciences, University of 
Bari, Bari, Italy 
*E‑mail: k.kamin@if‑pan.krakow.pl

It has been shown that resolution of inflammation 
(RoI) is regulated by endogenous molecules, called spe-
cialized pro‑resolving mediators (SPMs) e.g., lipoxins. 
SPMs modulate RoI by interacting with specific receptor 
– Formyl peptide receptor 2 (FPR2). The aim was to in-
vestigate if prenatal stress will sensitize an LPS‑induced 
inflammatory response by microglia cells. Moreover, 
the efficacy of new FPR2 ligands in the modulation of 
this reaction was estimated. Primary microglia cultures 
prepared from control and prenatally stressed rats were 
treated with FPR2 ligands (AMS21, AMS3, CMC23, 0.1 uM) 
and lipopolysaccharide (LPS; 100 ng/ml) for 24  h. Cell 
death, NO synthesis and the level of pro‑ and ant‑in-
flammatory cytokines were assessed. New FPR2 ligands 
decreased LPS‑evoked LDH and NO release in both type 
of cultures. Moreover, all of the tested FPR2 ligands sig-
nificantly downregulated LPS‑induced IL‑1β levels in the 
control cultures. This effect of new FPR2 ligands on IL‑1β 
levels in “stressed” microglia cells was less visible. All of 
chosen ligands increased the level of anti‑inflammatory 

cytokine – IL‑10. It may be suggested that Priming can 
influences the activation of the FPR2 receptor and thus 
RoI, which may lead to altered pro‑resolving activity of 
the new non‑peptide ligands used in our research.

Funding: This research was supported by the grant 
no. 2017/26/M/NZ7/07048 (HARMONIA) from the Na-
tional Science Centre, Poland, and in part by the stat-
utory funds of the Department of Experimental Neu-
roendocrinology, Maj Institute of Pharmacology, PAS, 
Cracow, Poland.

BENZOPHENONE‑3 INFLUENCES ON 
CYTOKINES RELEASED BY MICROGLIA CELLS  
– IN VITRO STUDIES
Alicja Maciejska, Bartosz Pomierny, Bogusława Budziszewska
Department of Biochemical Toxicology, Faculty of Pharmacy, Jagiellonian 
University Medical College, Cracow, Poland

Benzophenone‑3 (BP‑3) is popular UV filter, widely 
used in cosmetic products. Current data show that BP‑3 
crosses the blood‑brain barrier and suggest that this 
compound may have an adverse effect on nerve cells. 
Because one of the causes of neuronal damage is exces-
sive microglia activation, therefore the aim of the study 
was to assess the effect of BP‑3 on viability of primary 
microglia cells and to evaluate its effect on release of cy-
tokines. Primary microglia cells were isolated from the 
cerebral cortex of 1‑2 days‑old rat pups. After 24‑72  h 
exposure of BP‑3 (conc. 10‑7‑10‑4M) the compound’s 
cytotoxicity and cells viability were assessed using LDH 
and MTT tests, respectively. The influence of BP‑3 on 
cytokine secretion under basal conditions and after ac-
tivation with lipopolysaccharide (LPS) was determined 
using Luminex technology. BP‑3 did not show any cyto-
toxic effect on primary microglia cells, but significant-
ly increased their metabolic activity. Evaluation of the 
concentration of released cytokines showed significant 
changes in their level after exposure to BP‑3 and en-
hancing the LPS‑stimulated release of pro‑inflammatory 
cytokines, such as IL‑1α, IL‑1β and TNF‑α. BP‑3 has an 
influence on the activation and polarization of microglia 
cells and, consequently, may lead to the development of 
neuroinflammation.

KETOGENIC DIET DOES NOT INFLUENCE 
HIPPOCAMPAL ASTROCYTES’ MORPHOLOGY 
AFTER INDIRECT KINDLING, BUT INCREASES 
THEIR RESPONSE TO CHRONIC STRESS
Zuzanna Rauk*, Michał Wójcik, Zuzanna Setkowicz
Laboratory of Experimental Neuropathology, Institute of Zoology  
and Biomedical Research, Jagiellonian University, Cracow, Poland  
*E‑mail: zuzanna.rauk@doctoral.uj.edu.pl
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Reactive astrogliosis, which manifests as an in-
creased level of GFAP (glial fibrillary acidic protein) and 
astrocytes’ processes hypertrophy was proven to asso-
ciate with the epileptogenesis progression. The aim of 
our study was to verify the influence of ketogenic diet 
(KD) on astrogliosis‑related changes in hippocampi of 
electrically kindled rats. Electroshocks were applied 
by the ear‑clip electrodes. Four dietary schemes were 
applied, including administration of ketogenic or stan-
dard feed during the whole experiment or change of 
the diet on the day of the electrostimulation beginning. 
GFAP‑immunopositive area fraction in hippocampus, 
as well as astrocytes’ morphology, were evaluated. Sur-
prisingly, an increased seizure intensity was noticed in 
groups receiving KD before the kindling procedure. No 
morphological changes were observed in response to 
electrical stimulation, which may result from the use 
of protocol with a  relatively small number of electro-
stimulations or conducting simplified morphological 
analysis. We have not observed a significant impact of 
KD on the number of processes and GFAP immunoreac-
tivity, which may be a result of too short diet applica-
tion. Increased GFAP immunoreactivity was noticed in 
KD group with electrodes put on ears during the exper-
iment, which brings us to the conclusion that KD may 
increase astrogliosis in response to chronic stress.

GLUCOCORTICOID RECEPTORS KNOCK‑OUT  
IN ASTROCYTES INHIBITS CSDS‑INDUCED  
DEPRESSIVE BEHAVIOR
Patrycja Ziuzia1*, Laura Bergauer2, Marlene Assfalg2, 
Elmira Khatamsaz3, Michał Ślęzak1 
1Group of Astrocyte Biology, Life Sciences and Biotechnology Center,  
Łukasiewicz PORT – Polish Center for Technology Development, Wroclaw,  
Poland, 2BioMed X Institute, Heidelberg, Germany, 3CNS Diseases,  
Boehringer Ingelheim Pharma, Biberach an der Riss, Germany 
*E‑mail: patrycja.ziuzia@port.lukasiewicz.gov.pl

Glucocorticoids (GCs) are hormones secreted by 
the hypothalamus‑pituitary‑adrenal (HPA) axis which 
regulate multiple physiological processes in mam-
mals, e.g., metabolism. The GC action is largely medi-
ated through regulation of gene expression upon the 
activation of glucococorticoid receptors (GR). Stress 
activates of HPA axis, while prolonged exposure re-
sults in permanent dysregulation of GR‑dependent 
processes. GR are universally expressed in the central 
nervous system (CNS), however their transcriptional 
effects vary across different cell types. In our previ-
ous research we showed that astrocytes are an import-
ant site of GR‑dependent response in the CNS. Here 
we set out to investigate the behavioral relevance 
of GR signaling in astrocytes. To this goal, GRs were 

selectively eliminated from astrocytes of male mice 
(C57Bl/6J background) using transgenic approach. 
To induce depressive‑like behavior, chronic social 
defeat stress (CSDS) paradigm was performed, while 
control animals (CTRL) were housed in pairs. We ob-
served the CSDS elicited expected changes in the anx-
iety and social interaction of CTRL mice, while these 
alterations were not observed in mice lacking GR in 
astrocytes. These results reveal an important role of 
astrocyte‑specific GR signaling in shaping central ef-
fects of chronic stress.

Funding: This works was supported by NCN OPUS 
grant nr 2021/41/B/NZ3/04099.

STRESS REGULATION OF FKBP51 IN THE BRAIN: 
A STUDY IN AN ANIMAL MODEL OF DEPRESSION 
BASED ON PRENATAL DEXAMETHASONE 
ADMINISTRATION
Katarzyna Curzytek*, Magdalena Kukla‑Bartoszek, Jan Detka, 
Bogusława Budziszewska, Katarzyna Głombik
Laboratory of Immunoendocrinology, Department of Experimental 
Neuroendocrinology, Maj Institute of Pharmacology Polish Academy of Sciences, 
Cracow, Poland 
*E‑mail: curzytek@if‑pan.krakow.pl

Major depression disorder is a  serious public men-
tal health problem with a  growing prevalence in the 
human population worldwide. Despite many  years of 
intensive research, the mechanism of the development 
of depressive disorders remains unclear, but it is wide-
ly believed as a  multi‑factorial disease caused by the 
interaction of social, psychological, and biological fac-
tors. Accumulating evidence suggests that depression 
is accompanied by metabolic and endocrine disturbanc-
es. Therefore, we investigated the brain level of FKBP51 
(negative‑feedback regulator of the glucocorticoid re-
ceptor, which plays a key role in the stress response), 
glucocorticoid receptor (GR), and mineralocorticoid 
receptor (MR) in adult rats exposed to prenatal dexa-
methasone (DEX) administration and additional acute 
restrain stress in the adulthood. Our studies revealed 
the FKBP51 increased level in the frontal cortex of con-
trol animals subjected to restrain stress whereas, we 
did not observe the effect of acute stress on the level of 
FKBP51 in animals prenatally exposed to DEX. Although 
we did not show changes in GR and MR levels among 
examined groups, no increase in FKBP51 in DEX group 
suggests disturbances in GR inhibition in the frontal 
cortex. Dysregulation of FKBP51 may explain some of 
the endocrine changes in the link between stress and 
metabolic pathways.

Funding: This work was supported by grant 
2020/39/D/NZ7/01610 National Science Centre, Poland.
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THE EFFECTS OF PRENATAL DEXAMETHASONE 
TREATMENT ON GLYCOLYSIS ENZYMES IN THE 
FRONTAL CORTEX OF ADULT MALE RATS
Magdalena Kukla‑Bartoszek*, Katarzyna Curzytek, Jan Detka, 
Agnieszka Basta‑Kaim, Katarzyna Głombik
Laboratory of Immunoendocrinology, Department of Experimental 
Neuroendocrinology, Maj Institute of Pharmacology, Polish Academy  
of Sciences, Cracow, Poland 
*E‑mail: mkuklaba@if‑pan.krakow.pl

Depression is one of the most common mental dis-
orders affecting ~5% of adults worldwide, while cur-
rently available therapies are not effective in many 
cases. A lot of studies have been conducted so far to 
characterize the etiology of this disease, however high 
heterogeneity of depression makes it difficult. Several 
factors, including genetic, epigenetic, biological, envi-
ronmental, and psychosocial determinants, as well as 
complex relationships between them, are considered to 
underlie depression.

According to recent studies, metabolic disturbances 
may play an important role in the pathogenesis of de-
pression. In particular, disruption in glucose metabo-
lism, the main source of energy for brain cells, seems to 
have a crucial role in the emergence of depression. In 
order to evaluate this hypothesis, we examined levels of 
key enzymes involved in the glycolysis, i.e. hexokinase 
(HK), phosphofructokinase (PFKL), and pyruvate kinase 
(PK) in the frontal cortex of Sprague-Dawley male rats 
in an animal model of depression based on prenatal 
dexamethasone treatment. Our results indicate that 
prenatally dexamethasone-treated rats, which were 
subjected to acute stress in adulthood, were character-
ized by the elevated levels of PFKL and PK, suggesting 
the intensification of the glycolysis in this brain area. 

Funding: This work was supported by grant 
2020/39/D/NZ7/01610 from the National Science Cen-
tre, Poland.

AUTOPHAGY IN STRESS‑RELATED DISORDERS: 
ARE POLYAMINES A POTENTIAL NEW 
TREATMENT OPTION?
Sarah Mackert1*, Niemeyer C1, Mecdad Y1, Laakmann M1, 
Heckmann L1, Kempf V1, Zellner A1, Junglas E1, Ebert T1,  
Bajaj T1, Koelle M4, Ressler K3, Eisenberg T2, Hartmann J3,  
Madeo F2, Gassen NC1

1Department of Psychiatry and Psychotherapy, Research Group 
Neurohomeostasis, University of Bonn, Bonn, Germany, 2Institute  
of Molecular Bioscience, NAWI Graz, University of Graz, Graz, Austria, 
3Department of Psychiatry, Harvard Medical School, McLean Hospital  
Belmont, Massachusetts, USA, 4Department of Psychiatry and Psychotherapy, 
University of Bonn, Bonn, Germany 
*E‑mail: sarah.mackert@ukbonn.de

Autophagy is an evolutionary conserved cellular 
housekeeping process implicated in the surveillance 
and recycling of cellular proteins and organelles, there-
by maintaining cellular homeostasis, performance and 
metabolism. Importantly, autophagy has been cen-
trally linked to stress‑related disorders and mental 
health. Especially in the brain, synaptic autophagy 
has been shown to regulate synapse remodeling and 
plasticity and mitochondrial turnover, which appears 
critical to neuronal homeostasis and viability, and is 
directly linked to neuronal functioning. Consequent-
ly, genome‑wide and proteome‑wide association stud-
ies have indicated a significant over‑representation of 
impairments of autophagy‑related pathways in multi-
ple brain disorders such as clinical depression. In line 
with these findings, several antidepressants have been 
shown to induce autophagic pathways. Even though 
antidepressants are the most effective treatment for 
depressive disorders, adequate therapy response to 
a  single antidepressant is only observed in 40‑60% of 
patients. Furthermore, plenty of patients show severe 
drug‑related symptoms, so there is still a high demand 
for novel methods of treatment. Spermidine is a  nat-
urally occurring polyamine, which is known to act as 
an inducer of autophagy and mitophagy. Hence, our 
research group is interested in investigating spermi-
dine as a  potential treatment for clinical depression 
and other mental disorders. To verify this hypothesis 
we use different interdisciplinary approaches from cell 
culture and mouse model to clinical studies in patients 
and healthy subjects.

THE EFFECT OF VITAMIN D3 SUPPLEMENTATION 
ON MITOCHONDRIAL ENERGY METABOLISM 
AND SPECIFIC RECEPTORS CONTENT IN 
THE HIPPOCAMPUS DURING LONG‑TERM 
DEXAMETHASONE TREATMENT
Daria Korewo*, Mateusz Jakub Karnia, Dorota Myślińska, 
Jan Jacek Kaczor
Department of Animal and Human Physiology, Faculty of Biology, 
University of Gdansk, Gdansk, Poland 
*E‑mail: daria.korewo@phdstud.ug.edu.pl

Dexamethasone (DEX) is a  steroid drug commonly 
used in medicine with immunosuppressive and anal-
gesic properties. Unfortunately, prolonged DEX expo-
sure significantly affects abnormal brain functioning, 
causing mood swings, anxiety, and memory disorders. 
The study aimed to investigate, the effect of vitamin 
D3 supplementation under chronic DEX treatment 
on mitochondria energy metabolism and specific re-
ceptors content in the hippocampus. The study last-
ed 28 days and was conducted on 21 male Wistar rats 
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randomly divided into 3 groups. These included two 
groups treated by abdominal injection of DEX at a dose 
of 2 mg/kg/day supplemented with vegetable oil (DEX 
PL; n=7) or with vitamin D3 600 IU/kg/day (DEX SUP; 
n=8) respectively, and a control group treated with an 
abdominal injection of saline (CON; n=6). Hippocam-
pus was collected and weighed immediately after sac-
rifice. Decreased serum 25(OH)D3 concentration and 
reduced hippocampal weight were observed in both 
DEX‑treated groups. We found a lower glucocorticoste-
roid and vitamin D receptors content and disruption 
of mitochondrial energy function in the DEX PL group. 
However, supplementation with vitamin D3 abolished 
these negative effects in mitochondria. Our results 
clearly indicate that supplementation with vitamin D3 
plays a  protective role against the effects caused by 
long‑term DEX treatment.

Funding: Research was financially supported by the 
Faculty of Biology, University of Gdansk, Poland (DS No. 
531‑D080‑D248‑21).

ANTIOXIDATIVE EFFECT OF VITAMIN D3 
ON WHITE MUSCLE DURING LONG‑TERM 
DEXAMETHASONE TREATMENT
Mateusz Jakub Karnia*, Daria Korewo, Dorota Myślińska, 
Jan Jacek Kaczor
Department of Animal and Human Physiology, University of Gdansk, 
Gdansk, Poland 
*Email address: mateusz.karnia@ug.edu.pl

Dexamethasone (DEX) is a widely used broad‑spec-
trum pharmaceutical. Nevertheless, its prolonged or 
high‑dose administration can lead to side effects, in-
cluding increased oxidative stress in skeletal muscle. 
One of the agents considered to reduce the adverse 
effects of DEX is vitamin D3 (VD). The study aimed to 
evaluate the effect of VD supply under chronic DEX use 
on levels of free radical damage markers of proteins and 
lipids. The study was conducted on 20 male Wistar rats 
divided into 3 groups: saline (n=5), DEX (2 mg/kg/day) 
+ placebo (n=7), DEX (2 mg/kg/day) + VD (600 IU/kg/
day) (n=8). Treatment with DEX and VD lasted for 28 
consecutive days. Last day of the experiment, animals 
were sacrificed, and soleus (SOL) and extensor digito-
rum longus (EDL) muscles were collected and homog-
enized. The levels of thiol groups and 8‑isoprostanes 
were determined in the homogenates.

Increased 8‑iso level was found in both muscles af-
ter DEX treatment; nevertheless, VD protected against 
free radical damage of lipids in EDL. No changes in the 
thiol group level were observed in both muscles.

During chronic DEX treatment, VD shows a protective 
effect against free radical damage of lipids in white muscle.

Funding: This research was funded by the Nation-
al Science Centre, Poland (grant number 2018/31/N/
NZ7/03680).

THE EFFECT OF NATURAL PSYCHOPLASTOGEN 
7,8‑DIHYDROXYFLAVONE IN ANIMAL MODEL 
OF DEPRESSION 
Stanislava Vrankova*, Zuzana Petrikova, Barbora Cimrova, 
Jana Klimentova, Martina Cebova, Jakub Benko 
Centre of Experimental Medicine, Institute of Normal and Pathological 
Physiology, Slovak Academy of Sciences, Bratislava, Slovakia  
*E‑mail: stanislava.vrankova@savba.sk

7,8‑dihydroxyflavone (7,8‑DHF) is a natural flavo-
noid that mimics the effect of brain‑derived neuro-
trophic factor (BDNF). The aim of this study was to de-
termine the effect of 7,8‑DHF on nerve tissue chang-
es related to pathological behavioral symptoms in 
a chronic, unpredicted stress (CUS)‑induced model in 
rats. 12‑week‑old animals were divided into 3 groups: 
standard housed rats, rats exposed to stressors, and 
CUS‑rats that received 7,8‑DHF (5 mg/kg/day) ev-
ery 3 days for 3 weeks. We used the forced swim test 
(FST) and the elevated plus maze (EPM) test to de-
tect behavioral changes. NO‑synthase (NOS) activity, 
protein expression, and concentration of conjugated 
dienes (CD) were measured. In FST, we found higher 
immobility in CUS group. CUS resulted in reduction 
of NOS activity, decrease in nNOS and BDNF expres-
sion in mPFC as well as increase in iNOS expression 
in the hippocampus. 7,8‑DHF increased expression of 
BDNF, nNOS, SOD and TrkB as well as decreased iNOS 
expression. The concentration of CD was increased af-
ter CUS, while 7,8‑DHF reduced CD concentration. Our 
results suggest that increased oxidative state in the 
brain and reduction of BDNF production may play an 
important role in the pathophysiology of depression. 
7,8‑DHF has been shown to have both antidepressant 
and antioxidant effects.

Funding: VEGA 2/0118/21, VEGA 2/0132/20 and 
VEGA 2/0080/22.

PSYCHOSOCIAL CROWDING STRESS  
AFFECTS THE MRNA EXPRESSION OF  
SELECTED MOLECULES INVOLVED IN 
GLUTAMATERGIC AND GABAERGIC  
SIGNALING IN THE RAT FRONTAL CORTEX
Weronika Surdej*, Michał Wilczkowski,  
Agnieszka Zelek‑Molik
Department of Brain Biochemistry, Maj Institute of  
Pharmacology Polish Academy of Sciences, Cracow, Poland 
*E‑mail: weronika.surdej@student.uj.edu.pl
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Disturbances of the glutamatergic transmission in 
the frontal cortex (FC) are considered one of the core 
features of stress‑related disorders. Little is known 
which region of FC is affected explicitly by patho-
logical stress and whether GABAergic transmission 
is involved in these glutamatergic disturbances. Our 
study aimed to assess the effect of crowding stress 
(CS) exposure on the mRNA expression of selected 
glutamate signaling molecules: GluA1, GluN2B, and 
GABAergic one: parvalbumin, GAD67, GAT1. Anal-
yses were performed in two FC regions: the medial 
prefrontal cortex (mPFC) and primary motor cortex 
(M1). Male Wistar rats were overcrowded (70 cm2 per 
rat) for 3, 7, or 14 consecutive days while the control 
(CON) were kept under standard conditions (312 cm2 
per rat). mRNA expression was assessed by the RTqP-
CR method. We did not see any mRNA changes after 
3‑day exposure to CS. In comparison to CON, we not-
ed decreased parvalbumin and GAT1 mRNAs in M1, 
which in the case of GAT1 was visible also in CS14d. 
GluA1 was upregulated in M1 in the CS7d group vs. 
CON. Our results point out parvalbumin interneurons 
in M1 as a  significant locus of chronic stress evoked 
signaling alterations.

Funding: Supported by statutory funds of the Insti-
tute of Pharmacology PAS.

EFFECTS OF SELECTIVE LESION OF THE VENTRAL 
HIPPOCAMPUS AND CHRONIC VENLAFAXINE  
ADMINISTRATION ON THE BEHAVIOR  
OF ANIMALS EXPOSED TO THE CHRONIC  
MILD STRESS MODEL OF DEPRESSION
A. Bartosz‑Nowakowska*, P. Gruca, M. Lason, M. Papp, E. Litwa
Maj Institute of Pharmacology, Polish Academy of Sciences, Cracow, Poland 
*E‑mail: abartosz@if‑pan.krakow.pl

Injections of ibotenic acid (IBO) to the ventral 
hippocampus (vHPC) results in a  specific damage 
that changes in the activity of cortical and limbic 
neurotransmitters and lead to a  range of behavior-
al impairments that are considered relevant to de-
pression. To determine effects of IBO in vHPC and 
systemic administration of venlafaxine on behavior-
al deficits induced by the chronic mild stress (CMS) 
procedure, male Wistar Han rats were exposed to the 
CMS procedure for 7  weeks. The efficacy of chron-
ic stress was evaluated in weekly sucose tests. After 
initial two weeks of stress, animals received acute bi-
lateral microinjections of IBO (5 µg/0,5 µl) into the 
vHPC, and two weeks later, a 4‑weeks administration 
of the antidepressant venlafaxine (10 mg/kg, IP) was 
started. The elevated plus‑maze (anxiety), the novel 
object recognition (cognitive deficits) and the social 

interaction test were conducted. The CMS procedure 
impaired the animals’ behavior in all four tests and 
these deficits were slightly enhanced by IBO. Venla-
faxine attenuated the effect of CMS and IBO on an-
hedonia, anxiety, and cognitive and social deficits in 
both control and stressed animals. These data sup-
ports the hypothesis that the antidepressant action of 
venlafaxine restore transmission in the vHPC, which 
is weakened by IBO lesion in this structure.

Funding: The study was financially supported by 
the intramural grant of the Maj Institute of Pharma-
cology Polish Academy of Sciences, Cracow (2021).

WHAT IS AROUSAL? A DATA‑DRIVEN 
DEFINITION OF AROUSAL
Magdalena Sabat1,2*, Charles de Dampierre3, 
Catherine Tallon‑Baudry1

1Laboratoire de Neurosciences Cognitives et Computationelles, INSERM, Ecole 
Normale Supérieure, Université PSL, Paris, France, 2Laboratoire des systèmes 
perceptifs, Département d’études cognitives, École normale supérieure, PSL 
University, Paris, France, 3Institut Jean Nicod (ENS–PSL, EHESS, CNRS), Paris, France 
*E‑mail: Magdalena.sabat@ens.fr

Arousal is vaguely defined as a  brain‑body state. 
Historically arousal has been associated with different 
neuromodulatory systems, and, in consequence, with 
different aspects of the general body and brain states. 
Different measurements have been used as a proxy: from 
heart rate and respiratory rhythm to skin conductance, 
or, more recently, pupil diameter. Despite the heteroge-
neity of measures, arousal is often conceptually seen as 
uni‑dimensional, reflecting an “internal state”. While 
some authors have attempted at bringing attention 
limitations of the notion of arousal, the term has been 
and is still widely used: as of February 2022 almost sixty 
thousand scientific articles mention the term ‘arousal’ 
(PubMed). Proper systematization of the concept would 
require pondering over tens of thousands of individu-
al uses. Here, we use modern natural language process-
ing tools which facilitate the extraction of semantic 
domains across very large datasets. Using natural lan-
guage processing we recover semantic clusters within an 
arousal‑related literature data set of ~50.000 abstracts. 
We complete this analysis with fMRI meta‑analysis. Al-
though semantic analysis of the literature seems to point 
to a heterogeneous, multi‑dimensional concept of arous-
al, fMRI meta‑analysis converges on the anterior insula 
and the amygdala. We discuss the results in light of what 
we know about these two regions and their involvement 
on the saliency network. 

Funding: FrontCog (ANR) – Frontiers in Cognition 
est une Ecole Universitaire de Recherche de l’Univer-
sité PSL effectuant des recherches et offrant une for-
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mation complète en « sciences cognitives » (l’étude 
des fonctions mentales supérieures : perception/atten-
tion/conscience ; langage ; décision/rationalité ; cog-
nition sociale). Il est situé à l’Ecole normale supérieure 
(Paris). Number: ANR‑17‑EURE‑0017.

OWL OR LARK? HUMAN CHRONOTYPES 
AND THE DIFFERENCES IN BRAIN ANATOMY
Patrycja Ściślewska1,2*
1Department of Animal Physiology, Faculty of Biology, University of Warsaw, 
Warsaw, Poland, 2Biology Teaching Laboratory, Faculty of Biology, University 
of Warsaw, Warsaw, Poland 
*E‑mail: p.scislewska@uw.edu.pl

Sleep enables many physiological processes and is re-
sponsible for maintaining the body’s homeostasis. Chro-
notype is an essential, though often overlooked, variable 
in neurobiological research. What  hours of activity we 
prefer allows us to define our chronotype and assign us 
to the groups of “larks”, “owls”, and “finches”. In the 
search for anatomical differences between the brains 
of the “larks” and “owls”, the author analyzed the MRI 
scans of 136 people using MATLAB and toolboxes SPM12, 
CAT12, and xjView. The respondents determined their 
chronotype using a  MEQ questionnaire. In order to vi-
sualize the structural differences, the brains were seg-
mented into individual tissues, which made it possible 
to determine the brain volume and calculate the thick-
ness of the gray matter. Statistical analysis was based 
on two samples t‑test and ANCOVA. Data from the ques-
tionnaire, brain volume, age, and sex of the person were 
considered as covariates. The obtained results of VBM 
analysis suggest that “larks” have thicker fragments of 
Broadman area 27 (the parahippocampal gyrus), Broad-
man area 19 (the lingual gyrus), and cerebellum. Further 
research is also planned to investigate potential differ-
ences in the areas of the brainstem and SCN involved in 
generating the internal circadian cycle.

LOW GAMMA AUDITORY STEADY‑STATE 
RESPONSE IS SENSITIVE TO THE LEVEL  
OF AROUSAL DURING NATURAL SLEEP
Anna Leśniewska1*, Marek Binder1, Małgorzata Hołda1, 
Urszula Górska1,2

1Institute of Psychology, Jagiellonian University, Cracow, Poland, 2Department  
of Neurology, University of Wisconsin‑Madison, Madison, USA 
*Email address: ann.lesniewska13@gmail.com

In this work, we investigated the specificity of chang-
es in the auditory steady‑state response (ASSR) in the 
low gamma range to various levels of arousal. ASSRs 
are EEG responses evoked by periodic auditory stimu-

lation. Twelve healthy volunteers were presented with 
a  series of narrow‑band chirp stimuli (1000  Hz, chirp 
modulated 55‑25  Hz). Off‑line sleep scoring was based 
on polysomnography data. On EEG data, we evaluated 
intertrial phase clustering (ITPC) response during wake-
fulness, N2‑NREM, N3‑NREM and REM conditions in, re-
spectively 50–44 Hz, 43–37 Hz, and 36–30 Hz frequency 
bands. We found significant effect of reduced ITPC val-
ues from awake to NREM‑N3 sleep in the 37–43 Hz band. 
The comparison between awake and N2‑NREM was close 
to the significance level (p=0.057), while there was no 
significant difference between awake and REM sleep 
conditions. We found no difference in other frequen-
cy bands. These results confirm that low gamma ASSR, 
specifically around 40 Hz, is particularly sensitive to the 
level of arousal. The negative finding of lack of differ-
ence between ITPC in awake and REM states might also 
suggest its sensitivity to the presence of the contents of 
consciousness, however, this finding could be confirmed 
with dream versus no dream contrast.

Funding: Project funded by the NCN number 
2018/31/B/HS6/03920; Principal investigator: dr hab. 
Marek Binder.

HANDEDNESS AND SLEEPING POSITION IN 
ACTIGRAPHIC SLEEP/WAKE DISCRIMINATION
Julia Jakubowska1*, Piotr Biegański1, Anna Stróż1, 
Anna Duszyk‑Bogorodzka1

Biomedical Physics Division, Faculty of Physics, University of Warsaw, 
Warsaw, Poland 
*E‑mail: j.jakubowska10@student.uw.edu.pl

There has been an ongoing discussion on whether 
actigraphy, the measurement of movement, could be 
used as a reliable method for assessing circadian rhythm 
(e.g., in disorders of consciousness) or sleep quality. It 
is agreed that the motion of the wrists may accurately 
reflect whether a  subject is asleep or awake. However, 
there is no consensus in the literature on whether an ac-
tigraph in sleep studies should be worn on the dominant 
or non‑dominant hand. We have analyzed n=7 nocturnal 
records comprising polysomnography and simultane-
ous actigraphic signals from both wrists. The discrimi-
nation between sleep and wakefulness was obtained via 
the tools for automatic classification — the YASA tool 
for polysomnography and the Cole‑Kripke algorithm for 
actigraphy. The agreement between both classifications 
differed between wrists, which led us to the hypothe-
sis that the properties of recorded actigraphic signals 
might depend more on the preferred sleeping position, 
rather than on the subject’s handedness. Moreover, we 
have observed that the Cole‑Kripke algorithm requires 
separate parameter calibration for the dominant and 
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non‑dominant hands. However, considering the pilot 
characteristics of the conducted research and the fact 
that all of the subjects were right‑handed, there is no 
unequivocal settlement for the discussed issue. 

Funding: This research was supported by the Polish 
National Science Centre (UMO‑2018/31/B/ST7/01888).

THE IMPACT OF INCREASING TEMPORAL 
UNCERTAINTY ON MOTOR PREPARATION 
AND CONTINGENT NEGATIVE VARIATION
Dominika Drążyk*, Marcus Missal
Anticipation Lab, Institute of Neuroscience, Université catholique de Louvain, 
Brussels, Belgium 
*E‑mail: dominika.drazyk@uclouvain.be

In the natural environments, sensory events do not 
always occur at the predicted time, potentially creat-
ing temporal uncertainty. How this uncertainty im-
pacts arousal is still unknown. In the present study, 
we hypothesised that high temporal uncertainty could 
decrease saliency of future events. This could reduce 
arousal and the contingent negative variation (CNV) 
that is a correlate of temporal preparation. Eye move-
ments and EEG were recorded in 42 subjects performing 
a variable foreperiod task. A central target was briefly 
displayed, followed by an eccentric one after a variable 
delay (FP). The task was to gaze at the central target 
and wait for the eccentric one to make a  saccade. In 
different blocks of trials, the FP variance could be ei-
ther low (5 ms) or high (120 ms). We found that pupil 
size and the centrally located CNV preceding visual-
ly‑guided saccades were reduced in the high uncertain-
ty condition. Maximum velocity of saccades decreased 
with increasing temporal uncertainty but their latency 
was only minimally affected. Temporal uncertainty de-
creased arousal and expectation. This effect could be 
mediated by a  reduced CNV. Contrary to previous re-
sults, the impact of the temporal context on the reac-
tion time was reduced, but the responses followed the 
hazard function.       

Funding: This work was supported by the Fonds de 
la Recherche Scientifique‑FNRS under Grant No CDR/
OL J0132.21 and by a grant from the Louvain Fondation, 
’Appel maladies neurodégénératives’.

SLEEP DEPRIVATION IN THE PERSPECTIVE OF 
THE DEVELOPMENT OF METABOLIC HEALTH 
DISORDERS RESULTING IN OBESITY 
Izabela Łaska*
Institute of Zoology and Biomedical Research, Faculty of Biology, 
Jagiellonian University, Krakow, Poland 
*E‑mail: Izabela.laska@student.uj.edu.pl

The aim of our study was to explore the link be-
tween sleep deficit and obesity. In a  sleep‑deprived 
state, does the brain reward system activate so easily 
that it is difficult to maintain discipline when it comes 
to, for example, refraining from snacking? There is 
a discounting of time, i.e., a tendency to choose imme-
diate reward over long‑term benefit. Based on the lit-
erature, the function of food intake can be explained 
in two ways – eating to satisfy hunger or for pleasure. 
Overeating, whether driven by hunger or pleasure, usu-
ally leads to obesity. We described the functioning in 
sleep‑deficit states of the brain’s ‚reward system,’ the 
brain structures responsible for experiencing satisfac-
tion, pleasure and savoring. The study involved a group 
of 8 participants who were tested after a night of restful 
sleep and then after a  night without sleep. The study 
consisted of presenting the subjects with a series of ap-
petizing visual stimuli (64 pictures of various dishes) 
during fMRI recordings. Neural activities in response 
to stimuli subjectively rated as more or less palatable 
were examined. The area that showed the most activity 
was the anterior cingulate cortex (ACC).

Funding: This research was supported by the grant 
from the Polish National Science Centre Nr 2018/29/B/
HS6/01934.

EDUBALL‑BASED BRAIN TRAINING: FROM 
SCHOOLS TO NEUROLABS AND BACK AGAIN
Ireneusz Cichy1, Agnieszka Kruszwicka2, Tomasz Przybyla2, 
Weronika Rochatka2, Sara Wawrzyniak1, Michal Bronikowski3, 
Michal Klichowski2*, Andrzej Rokita1

1Department of Team Sports Games, Wroclaw University of Health and Sport 
Sciences, Wroclaw, Poland, 2Learning Laboratory, Adam Mickiewicz University, 
Poznan, Poland, 3Department of Didactics of Physical Activity, Poznan University 
of Physical Education, Poznan, Poland 
*E‑mail: klich@amu.edu.pl

Studies suggest that incorporating motor‑cog-
nitive dual‑task exercises into brain training is very 
valuable. For instance, there are evidences showing 
that movement‑based brain training enhances chil-
dren’s math skills, executive functions, memory pro-
cesses, and leads to better learning outcomes as well 
as has a  beneficial effect on neuroplasticity. There-
fore, researchers recommend combining physical and 
cognitive tasks in the classroom. So, we create “Edub-
all”, i.e., balls of a  smaller size adjusted to the early 
education pupils with printed numbers, letters, and 
other characters, used in mini team games at the early 
school age. In addition to the dual‑task issue, Eduball 
refers to the observation that most types of physical 
training, such as handball, tennis, judo, etc., are domi-
nated by unilateral motor practice. But to develop the 
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body and the brain holistically, it is necessary to orga-
nize bilateral and non‑dominant hand and leg train-
ing. Such a striving for symmetry is the main principle 
of Eduball‑based brain training. Here we present the 
results of 20 years of experiments on the effectiveness 
of our method. We also demonstrate the prototype 
of the new version of Eduball, called “mini‑Eduball” 
(the size of tennis balls), which we combine with the 
neurofeedback and transcranial direct current stimu-
lation methods.

Funding: European Cooperation in Science and 
Technology grant: European Network on Brain Malfor-
mations (Neuro‑MIG) (COST Action CA16118). COST is 
supported by the EU Framework Programme for Re-
search and Innovation Horizon 2020.

SMALLER CORPUS CALLOSUM CROSS‑SECTIONAL 
AREA IN ALCOHOL‑DEPENDENT MEN WITH 
MEMORY DISORDERS
Natalia Katarzyna Nowaczyk1*, Michał Mikołajczak2, 
Lidia Cierpiałkowska3 
1Department of Health Psychology and Clinical Psychology, Faculty of Psychology 
and Cognitive Science, Adam Mickiewicz Univeristy, Poznan, Poland, 2Faculty 
of Computer Science, Poznan University of Technology, Poznan, Poland, 
3Department of Health Psychology and Clinical Psychology, Faculty of Psychology 
and Cognitive Science, Adam Mickiewicz Univeristy, Poznan, Poland 
*E‑mail: natalia.nowaczyk@amu.edu.pl

The aim of this study was to determine whether 
there are main and interaction effects of visuospatial 
and auditory‑verbal memory on alcohol consumption 
and brain variables such as cross‑sectional corpus cal-
losum area in men with alcohol use disorder. Using 
T1‑weighted sequences from a 1.5 Tesla GE Healthcare 
MRI Optima 360 scanner and a 3.0 Tesla Philips Intera 
Achieva magnet scanner, the corpus callosum was seg-
mented using yuki form the Automatic Registration 
Toolbox and volumetric measurements were carried 
out. The visuospatial and auditory‑verbal memory 
were measured by neuropsychological tests (CVLT 
and DCS). The 97 men with alcohol use disorder were 
examined. MANOVA results showed that participants 
with visuospatial memory disorder had received less 
education, and had a longer duration of alcohol abuse, 
more severe alcohol use disorder, and greater alco-
hol consumption per day. Second, alcohol‑dependent 
men with auditory and visual memory disorders had 
a  smaller total corpus callosum areas. Additionally, 
among the alcohol‑dependent men with memory dis-
orders the smaller rostral body of corpus callosum was 
determined by the longer alcohol abuse duration. The 
smaller corpus callosum cross‑sectional area signifi-
cantly affects memory profile in alcohol use disorder, 

especially have differentiated the patients with nor-
mal and disordered memory.

Funding: The project was financed by the Polish 
National Health Program, 2016–2020 (grant number 
75/44/3.4.3/18/DEA).

NEURAL PROCESSING OF EMOTIONALLY 
CHARGED AUTOBIOGRAPHICAL MEMORIES IN 
WOMEN WITH MAJOR DEPRESSIVE DISORDER 
AND BORDERLINE PERSONALITY DISORDER
Kulesza M*, Artur Marchewka, Marek Wypych
Laboratory of Brain Imaging, Nencki Institute of Experimental Biology PAS, 
Warsaw, Poland 
*E‑mail: m.kulesza@nencki.edu.pl

Our past experiences are stored in autobiographical 
memory (AM). Previous studies showed multiple brain 
regions involved in AM recall in healthy populations, 
including limbic and occipital cortices. AM recall may 
be disturbed in clinical disorders, such as depression 
(MDD) or borderline personality disorder (BPD) in 
which self‑processing is already disrupted. Some stud-
ies showed that these patients recall fewer details and 
tend to recall more negative experiences, however, neu-
roimaging results are inconclusive. We compared neu-
ral processing of sad (SM) and happy memories (HM) in 
women with MDD, BPD, and healthy control (HC). They 
were asked to recall and rate the memories during an 
fMRI session. Subjective emotional state after HMs was 
less positive in the BPD group than in HC. Within the 
MDD and HC groups, SMs were less vivid than HMs. AM 
recall induced robust activations across AM‑related re-
gions and these were greater for SMs. Functional con-
nectivity analysis during recall of both SM/HM showed 
greater connectivity between precuneus, posterior cin-
gulate, and occipital cortex in clinical groups (MDD+B-
PD > HC), indicating an influence of visual imagery and 
self‑processing on each other during AM recall. As this 
was the only significant result, these processes may 
dominate recall in these disorders.

Funding: This research was funded by National Cen-
tre for Research and Development (TP‑49/2017/PW‑PB) 
and the National Science Centre (PRELUDIUM grant, 
2019/33/N/HS6/02126).

NEUROFEEDBACK TRAINING FOR LOWERING 
AGGRESSION LEVEL IN ADOLESCENTS
Kachynska Tetiana*, Khabazniak Vlad, Kozachuk Natalia, 
Abramchuk Olha 
Human and Animal Physiology Department, Laboratory of Aging 
Neurophysiology, Lessya Ukrainka Volyn National University, Lutsk, Ukraine 
*E‑mail: Kachynska.Tatiana@vnu.edu.ua
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Our objectives are to detect and study the effect 
of neurofeedback‑training on the psychophysiologi-
cal state of teenagers who have high aggression lev-
el. Ten schoolgirls 12‑13 years old participated in the 
neurofeedback‑training. Each neurofeedback‑session 
took 10 min of targeting increase in alpha‑band pow-
er in Fz electrode site. We examined the EEG of rest 
state before and after 10th session of alpha‑training. 
The EEG microstates were calculated for the whole 
EEG spectra using eLoreta software. Positive effects 
of neurofeedback‑therapy reduce the level of ag-
gression in schoolgirls and increases the power of al-
pha‑rhythm in the central frontal and occipital areas 
of brain cortex. The electrical activity in girls‑teen-
age before and after alpha‑training can be explained 
by 4 microstates. 47% of the time was described by 
microstate A, 13% – B, 12% – C, and 28% – D before 
alpha‑training. Microstates А – 21%, B – 15% and D 
– 48% had highest activity in upper occipital area, mi-
crostate C (16%) – in parietal area after 10th session 
of alpha‑training. As a result, microstate A (auditory 
network) decreases and microstate D (attention net-
work) and C (salience network) increase. Alpha‑train-
ing had activated a system of attention in girls‑teen-
age and to promoted greater psycho‑emotional con-
trol in a particular behavioral action.

THE APPLICATION OF FIXEL‑BASED  
ANALYSIS PIPELINE FOR DETERMINING  
THE IMPACT OF AIR POLLUTION ON  
BRAIN WHITE MATTER ORGANIZATION  
– NEUROSMOG
Paulina Lewandowska1*, Claude Bajada2,  
Anna Janus3, Mikołaj Compa1, Bartosz Kossowski4,  
Aleksandra Domagalik5, Natasza Orlov1,  
Katarzyna Kaczmarek‑Majer6, Krzysztof Skotak6,  
Małgorzata Lipowska7,8, Clemens Baumbach1,9, Yarema Mysak1,  
Katarzyna Sitnik‑Warchulska8, Bernadetta Izydorczyk1,8, 
James Grellier1,10, Iana Markevych1, Marcin Szwed1

1Institute of Psychology, Jagiellonian University, Cracow, Poland, 2Department 
of Physiology and Biochemistry, University of Malta, 3Institute of Zoology and 
Biomedical Research, Jagiellonian University, Cracow, Poland, 4Laboratory of 
Brain Imaging, Nencki Institute for Experimental Biology, Warsaw, Poland, 
5Brain Imaging Core Facility, Małopolska Centre of Biotechnology, Jagiellonian 
University, Cracow, Poland, 6Institute of Environmental Protection‑National 
Research Institute, Warsaw, Poland, 7University of Gdansk, Gdansk, Poland, 
8Faculty of Management and Social Communication, Institute of Applied 
Psychology, Jagiellonian University, Cracow, Poland, 9ENIANO GmbH, Munich, 
Germany, 10European Centre of Environment and Human Health, University 
of Exeter Medical School, Royal Cornwall Hospital, Truro, UK 
*E‑mail: p.lewandowska@doctoral.uj.edu.pl

Brain development is a complex process that starts 
from the prenatal period through birth, childhood, 

and adolescence, to adulthood. As reported by re-
cent studies, high levels of urban pollutants may be 
particularly dangerous to children because they pre-
sumably interfere with the brain maturation process, 
which may lead to neurodevelopmental delay. How-
ever, there is still little evidence on associations be-
tween white matter microstructure and exposure to 
pollutants in children. Here, as a  part of NeuroSmog 
project, we present a  state‑of‑art pipeline for inves-
tigating how air pollution affects fiber specific met-
rics of brain white matter organization in children 
(10‑13  years old) with ADHD diagnosis and children 
from a  general population (no ADHD diagnosis). We 
demonstrate the 1) encountered challenges, 2) pre-
process steps including FSL’s EDDY tool for correcting 
eddy currents and movement in diffusion data, 3) data 
quality assessment using EDDY QC framework, and 4) 
fixel‑based analysis (FBA) pipeline carried out with 
MRtrix3 toolbox for performing various types of dif-
fusion MRI analyses. This is the first research to apply 
FBA pipeline to investigate the associations between 
air pollution exposure and white matter microstruc-
ture in children.

Funding: The study is a part of “NeuroSmog: Deter-
mining the impact of air pollution on the developing 
brain” (Nr. POIR.04.04.00‑1763/18‑00) project which is 
implemented as part of the TEAM‑NET programme of 
the Foundation for Polish Science, co‑financed from 
EU resources obtained from the European Regional De-
velopment Fund under the Smart Growth Operational 
Programme. 

AMYGDALA PARCELLATION  
USING RECURRENCE QUANTIFICATION 
ANALYSIS IN PATIENTS WITH  
COMPULSIVE SEXUAL BEHAVIOR DISORDER
Sylwia Adamus1*, Małgorzata Draps2,  
Krzysztof Bielski3, Mateusz Gola2,4

1Faculty of Medicine, Medical University of Warsaw, Warsaw, Poland,  
2Institute of Psychology, Polish Academy of Sciences, Warsaw, Poland, 
3NeuroEconomics Research Group, Institute of Psychology, Faculty of Philosophy, 
Jagiellonian University, Cracow, Poland, 4Swartz Center for Computational 
Neuroscience, Institute for Neural Computations, University of California  
San Diego, San Diego, CA, USA 
*E‑mail: sylwiaadamus09@gmail.com

Compulsive sexual behavior disorder (CSBD) is 
a  mental disorder characterized by the inability to 
suppress the urge to engage in various types of sexu-
al behaviors. It is speculated that the amygdala may 
play a huge role in its etiology. Our research aimed to 
assess whether the amygdala in patients with CSBD 
can be functionally parcellated into two subdivisions 
using a  pipeline based on recurrence quantification 
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analysis. To achieve this amygdala parcellation pipe-
line from the paper by Bielski et al. [1] was applied to 
resting‑state MRI data from 50 CSBD patients and 28 
healthy controls (HC). In‑house amygdala masks for 
both groups were created and compared. Adapting the 
pipeline to our needs, the amygdala was divided into 
two subdivisions in both datasets. The quality of our 
parcellations is comparable to the one described in the 
paper concerning the method. The newly created pipe-
line is a quick and easily adaptable technique of amyg-
dala parcellation based on brain signal dynamics. Our 
parcellations will be used as in‑house amygdala masks 
to check whether there are differences in resting‑state 
functional connectivity of the amygdala subdivisions’ 
between CSBD patients and HC.

References: [1]: Bielski K. et al., (2021) NeuroImage 
227(117644).

Funding: Polish National Science Centre OPUS grant 
(2014/15/B/HS6/03792) to Mateusz Gola, Polish Na-
tional Science Centre PRELUDIUM grant (2016/23/N/
HS6/02906) to Małgorzata Draps.

DISTINGUISHING DIFFERENT  
TIMESCALES OF UNPREDICTABILITY  
HELPS EXPLAIN INDIVIDUAL DIFFERENCES  
IN CHILDREN’S INTERNALIZING 
AND EXTERNALIZING SYMPTOMS
Bence Cs. Farkas1,2,3,4*, Axel Baptista5,6, Mario Speranza1,2,3, 
Valentin Wyart4, Pierre O. Jacquet1,2,3,4

1Université Paris‑Saclay, UVSQ, Inserm, CESP, Villejuif, France, 2Institut du 
Psychotraumatisme de l’Enfant et de l’Adolescent, Conseil Départemental 
Yvelines et Hauts‑de‑Seine et Centre Hospitalier des Versailles, Versailles, France, 
3Centre de recherche en épidémiologie et en santé des populations, Inserm 
U1018, université Paris‑Saclay, Université Versailles Saint‑Quentin, Paris, France, 
4LNC2, Département d’études Cognitives, École Normale Supérieure, INSERM, 
PSL Research University, Paris, France, 5Service de Psychiatrie de l’Enfant et de 
l’Adolescent, GH Pitié‑Salpêtrière Charles Foix, APHP.6, Paris, France, 6Faculté de 
Médecine, Sorbonne Université, Paris, France 
*E‑mail: farkas.bence123@gmail.com

Distinct dimensions of early life adversity, such 
as deprivation, threat and unpredictability have 
been shown to contribute to the emergence of psy-
chopathology in childhood and adolescence through 
partially distinct pathways. However, the conceptu-
alization and operationalization of unpredictability 
is heterogenous in the literature, intermixing vari-
ability across widely distinct timescales. In this work, 
inspired by evolutionary‑developmental models of 
phenotypic plasticity and the cognitive neurosci-
ence of learning under uncertainty, we explored how 
deprivation, threat as well as short and long times-
cale unpredictability during early life are related to 
internalizing and externalizing psychopathology 

during adolescence. We utilized a structural equation 
modelling approach to analyse longitudinal data from 
the Fragile Families and Child Wellbeing cohort. We 
found that whereas short timescale unpredictabili-
ty (e.g., experiencing multiple care arrangments on 
a weekly basis) was primarily related to internalizing 
problems.

NEUROSMOG: IMPACT OF AIR POLLUTION 
ON COGNITIVE DEVELOPMENT OUTCOMES 
IN POLISH SCHOOLCHILDREN – BEHAVIORAL 
AND MRI STUDY
Mikolaj Compa1*, Natasza Orlov1,  
Bartosz Kossowski2, Aleksandra Domagalik1,  
Emilia Rutkowska1, Paulina Lewandowska1,  
Brandon Bujak1, Malgorzata Lipowska3,  
Katarzyna Kaczmarek5, Krzysztof Skotak5,  
Anna Degórska5, Clemens Baumbach1,  
Iana Markevych1, James Grellier4, Marcin Szwed1

1Department of Psychology, Jagiellonian University, Cracow,  
Poland, 2Nencki Institute of Experimental Biology, Warsaw, Poland,  
3University of Gdansk, Gdansk, Poland, 4University of Exeter,  
Exeter, United Kingdom, 5Institute of Environmental Protection  
– National Research Institute 
*E‑mail: mikolaj.compa@doctoral.uj.edu.pl

NeuroSmog project is focused on investigating the 
associations between the concentrations of air pol-
lutants and developmental outcomes in schoolchil-
dren, such as attention deficit hyperactivity disorder 
(ADHD). 744 children aged 10 ‑13 were recruited across 
large cities and towns in southern Poland (n=18) with 
wide‑range levels of air pollution. Cases (children with 
ADHD) were recruited by field psychologists, controls 
were sampled from local schools. Children were sub-
jected to extensive psychological testing to assess 
cognitive functioning. To test attentional processes 
attentional network test and continuous performance 
test were used. Participants were also scanned using 
structural, task and resting‑state, diffusion‑weight-
ed MRI. Main goal is to assess whether logn‑term ex-
posure to air pollution affect behavior, function and 
structure of the brain in both cases and controls. Here 
we present preliminary results from subsample of 512 
children.

Funding: The study is a part of “NeuroSmog: Deter-
mining the impact of air pollution on the developing 
brain” (Nr. POIR.04.04.00‑1763/18‑00) project which is 
implemented as part of the TEAM‑NET programme of 
the Foundation for Polish Science, co‑financed from 
EU resources obtained from the European Regional 
Development Fund under the Smart Growth Opera-
tional Programme.
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IMPACT OF AGING ON MULTIFRACTAL 
FUNCTIONAL CONNECTIVITY AND ITS 
ASSOCIATION WITH COGNITIVE PERFORMANCE: 
AN EEG STUDY
Ágota Vass1*, Orestis Stylianou2,3,4,5, Frigyes Sámuel Rácz2,6, 
Zalán Káposzta2, Ákos Czoch2, Keumbi Kim2, 
Andriy Yabluchanskiy7,8,9, Kinga Farkas1,10,  
Gábor Csukly1, András Eke2,11, Péter Mukli2,7
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Budapest, Hungary, 2Department of Physiology, Semmelweis University, 
Budapest, Hungary, 3Berlin Institute of Health at Charité, Universitätsmedizin 
Berlin, Berlin, Germany, 4Charité‑Universitätsmedizin Berlin, corporate member 
of Freie Universität Berlin and Humboldt Universität zu Berlin, Department 
of Neurology with Experimental Neurology, Berlin, Germany, 5Institute of 
Translational Medicine, Semmelweis University, Budapest, Hungary, 6Department 
of Neurology, Dell Medical School, University of Texas at Austin, Austin, TX, USA, 
7Vascular Cognitive Impairment and Neurodegeneration Program, Department 
of Biochemistry and Molecular Biology, Oklahoma Center for Geroscience 
and Healthy Brain Aging, The University of Oklahoma Health Sciences Center, 
Oklahoma City, OK, United States, 8The Peggy and Charles Stephenson Cancer 
Center, The University of Oklahoma Health Sciences Center, Oklahoma City, 
OK, United States, 9Department of Health Promotion Sciences, College of Public 
Health, The University of Oklahoma Health Sciences Center, Oklahoma City,  
OK, United States, 10Brain, Memory and Language Research Group, Institute  
of Cognitive Neuroscience and Psychology, Research, 11Department of Radiology 
and Biomedical Imaging, Yale University School of Medicine, New Haven,  
CT, United States 
*E‑mail: vass.agota@phd.semmelweis.hu

Intact brain network function is required for high-
er‑order mental processes, which is known to decline 
with aging, especially regarding fluid cognitive abili-
ties. Underlying changes in task‑related functional 
connectivity also occur in a  temporal scale‑free (frac-
tal) manner that has not been characterized yet. Here 
we investigated the impact of healthy aging on mul-
tifractal functional connectivity (MF‑FC) derived from 
resting‑ and task‑state electroencephalography (EEG) 
recordings and its plausible relationship with cogni-
tive performance. We recruited young (n=21, <45 years) 
and elderly (n=20, >60 years) participants free of known 
neuropsychiatric diseases. The measurement protocol 
consisted of: i) a  standardized neuropsychological as-
sessment (Cambridge Neuropsychological Test Auto-
mated Battery; CANTAB) and ii) EEG recordings during 
resting states (eyes open and closed) and during a pat-
tern recognition paradigm administered at three levels 
of difficulty. To characterize MF‑FC, bivariate scale‑free 
exponents and their distribution were estimated from 
simultaneously recorded EEG signals from which graph 
theoretical parameters for the corresponding brain 
network were determined. We found that the elderly 
group had significantly lower node degrees of brain 
graph reflecting reduced MF‑FC that significantly cor-
related with measures of pattern recognition memory 
performance. These findings suggest that age‑related 

changes of EEG‑based MF‑FC during pattern recogni-
tion paradigm predict impaired pattern recognition 
performance. 

Funding: FR and PM acknowledge financial sup-
port from the “Development of Scientific Workshops 
for Medical, Health Sciences and Pharmaceutical 
Training” Project (EFOP‑3.6.3‑VEKOP‑16‑2017‑00009). 
AY and PM acknowledge financial support from the 
“the Cellular and Molecular GeroScience CoBRE 
(P20GM125528, sub#5337)”. ZK acknowledges support 
from the Hungarian National Academy of Scientist 
Education. GCs was supported by the Hungarian Re-
search Found – OTKA FK 138385. KF was supported by 
the Ministry of Innovation and Technology of Hunga-
ry from the National Research, Development and In-
novation Fund, financed under the TKP2021‑EGA‑25 
funding scheme. The funding sources had no role in 
the conceptualization. 

WHICH FACTORS HAVE AFFECTED ANXIETY 
DURING THE COVID‑19 OUTBREAK? 
A LONGITUDINAL STUDY
Violeta Ștefania Rotărescu*, Gabriel Angelo Oteșanu, 
Bogdan Nedelescu
MemoryLab, Department of Applied Psychology and Psychotherapy, 
University of Bucharest, Bucharest, România 
*E‑mail: violeta.rotarescu@fpse.unibuc.ro

The current longitudinal study aims to identify the 
factors that have influenced the variance of the level 
of anxiety state during isolation, anticipatory anxiety, 
and the factors that have affected the variance of the 
anxiety trait measured at the beginning and the end 
of the lockdown. To this end, the subjects (n=495) an-
swered questionnaires assessing anxiety traits (before 
and after the lockdown), anxiety state (seven repeat-
ed measures over the course of 10  weeks), anticipa-
tory anxiety, resilience, experiential avoidance (four 
repeated measures), as well as the recollection of the 
isolation period. Data were analyzed with R‑type path 
analysis. The results indicate that the anxiety trait 
level is significantly lower at the end of isolation, 
compared to the first measurement, and this decrease 
is moderated by the emotional reframing of the so-
cial isolation period. The anxiety state variance was 
mainly influenced by the anxiety trait level (1.06) and 
experiential avoidance (0.23). The anticipatory anxi-
ety was influenced by the anxiety trait (0.23), the ex-
periential avoidance (0.18), living environment (0.13), 
cohabitation arrangements (0.13), as well as by the 
way people framed the home isolation time (0.13). The 
results may suggest intervention in pandemic crises 
or similar situations.
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IN SILICO STUDY OF THE CORTICAL NEURON 
REVEALS VASOCONSTRICTIVE EFFECTS OF 
COCAINE MODULATES THE FIRING PATTERNS 
BY INHIBITING SMALL CONDUCTANCE 
CALCIUM‑ACTIVATED POTASSIUM CURRENT 
Chitaranjan Mahapatra1*, Ashish Kumar Pradhan2 
1BSBE Department, Indian Institute of Technology Bombay, Mumbai, India, 
2Electrical Engineering Department, Indian Institute of Science, Bangalore, India 
*E‑mail: cmahapatra97@gmail.com

The vasoconstrictive effects of cocaine modulate 
the neuronal firing patterns which could contribute 
to Parkinson’s disease (PD). This quantitative study 
investigates action potential (AP) oscillation patterns 
of cortical neurons towards the cocaine exposure. This 
single compartmental in silico model comprises the 
sodium channel, potassium channel, calcium chan-
nel, and calcium diffusion mechanisms. Cocaine expo-
sure (1 mg/kg to 10 mg/kg) profile is reflected as the 
conductance of small calcium‑dependent potassium 
(SK) channel. First, we simulated the current‑voltage 
profile of the SK ion channel with respect to cocaine 
stimulus under the voltage clamp protocol. It showed 
the continuous decrease of outward current because of 
multiple doses of cocaine from 1 mg/kg to 10 mg/kg. 
Then, the altered SK ion channel outward current is 
incorporated into the whole‑cell model to investigate 
the AP firing patterns. The frequency of the firing pat-
terns is elevated for the cocaine dose of 10 mg/kg after 
the injection of the current stimulus. Few SK ion chan-
nels are activated across the membrane and it reduced 
the whole cell outward current, which elevated the 
cell’s excitability for AP generation. Our in silico study 
suggests the inhibitor of Ca2+ channel as new pharma-
cological target for bringing the normal firing patterns 
in cortical neurons, which are affected by cocaine. 

INHIBITORY CONTROL OF THE ACTIVITY OF 
MIDBRAIN DOPAMINERGIC NEURONS BY THE 
NUCLEUS INCERTUS OF THE BRAINSTEM – 
ELECTROPHYSIOLOGICAL AND ANATOMICAL 
STUDIES IN RATS
Roszkowska J*, Drwięga G, Walczak M, Pradel K,  
Gorkowska M, Błasiak T
Department of Neurophysiology and Chronobiology, Institute of Zoology 
and Biomedical Research, Jagiellonian University, Cracow, Poland 
*E‑mail: jajoanna99@gmail.com

The brainstem nucleus incertus (NI) is involved in 
controlling stress response. Based on our preliminary 

results, we hypothesized that NI might regulate the ac-
tivity of the ventral tegmental area (VTA) and substan-
tia nigra pars compacta (SNc) – the main dopamine (DA) 
sources in the brain. Therefore, our study was aimed to 
investigate the neuronal pathway connecting the NI and 
the midbrain dopaminergic system in Sprague‑Dawley 
rats. For this purpose, anatomical and electrophysiolog-
ical experiments were performed. Before electrophysio-
logical extracellular recordings from the urethane‑anes-
thetized male rats were conducted, two viral vectors, 
one retrograde, carrying Cre recombinase gene, the 
other carrying Cre‑dependent genes for the light‑sensi-
tive cationic channel, were injected into animals’ VTA/
SNc and NI, respectively. To visualize the anatomy of the 
pathway, retrogradely and anterogradely transported vi-
ral vectors carrying genes for fluorescent proteins were 
injected into the VTA/SNc and NI, respectively. Our ana-
tomical data confirmed the existence of a monosynaptic 
input from the NI to the VTA/SNc. Furthermore, electro-
physiological data showed that a  subpopulation of the 
VTA/SNc neurons (38%) was inhibited by NI optogenetic 
stimulation. Dopaminergic nature of these neurons was 
confirmed by juxtacellular labelling followed by immu-
nostaining. Overall, our study shows that NI‑originating 
innervation of the midbrain DA neurons is inhibitory.

DIFFERENT FACES OF NEURONS EXPRESSING 
DOPAMINE RECEPTORS IN MOTOR 
CORTEX – THEIR LAMINAR DISTRIBUTION, 
ELECTROPHYSIOLOGICAL PROPERTIES AND 
ROLE IN SKILLED FORELIMB REACHING
Drabik S1*, Guguła A1, Trenk O1, Gorkowska M1, Kreiner G2, 
Rodriguez Parkitna J3, Błasiak A1, Cieślak PE1

1Department of Neurophysiology and Chronobiology, Institute of Zoology and 
Biomedical Research, Jagiellonian University, Cracow, Poland, 2Department of 
Brain Biochemistry, Maj Institute of Pharmacology, Polish Academy of Sciences, 
Cracow, Poland, 3Department of Molecular Neuropharmacology, Maj Institute of 
Pharmacology, Polish Academy of Sciences, Cracow, Poland 
*E‑mail: sylwia.drabik@doctoral.uj.edu.pl

Motor cortex comprise the primary descending cir-
cuits for flexible control of voluntary movements and 
is critically involved in motor skill learning. However, 
due to the complexity of motor cortex circuits, precise 
mechanisms of motor control and skill learning are still 
not well understood. Here we have used transgenic mice, 
electrophysiology and neural tract‑tracing methods to 
target genetically defined cell types expressing D1 and 
D2 dopamine receptors. We observed that D1+ and D2+ 
neurons are organized in a separate, largely non‑over-
lapping populations, as evidenced by the laminar distri-
bution of their cell bodies, colocalization and projection 
patterns. Moreover, based on ex vivo patch‑clamp re-
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cordings we shown that D1+ and D2+ cells have distinct 
electrophysiological and morphological properties. Fi-
nally, we observed that chemogenetic inhibition of D2+, 
but not D1+ neurons disrupts skilled forelimb reaching 
in adult mice. These results suggest that dopamine re-
ceptor‑expressing cells in motor cortex are organized 
into separate, non‑overlapping circuits and that they 
play specialized roles in fine motor control. We believe 
that a  better understanding of the function of these 
dopamine‑sensitive circuits can be a  key to the devel-
opment of new and more effective therapies for people 
suffering from neurological disorders.

Funding: The National Science Centre, grant 
SONATINA 2018/28/C/NZ4/00102.

DENTATE GYRUS OF THE VENTRAL HIPPOCAMPUS 
INNERVATION BY BRAINSTEM NUCLEUS INCERTUS 
– ELECTROPHYSIOLOGICAL AND ANATOMICAL 
STUDIES IN RAT
Aleksandra Nogaj*, Aleksandra Trenk,  
Kinga Przybylska, Anna Blasiak
Department of Neurophysiology and Chronobiology, Institute of Zoology 
and Biomedical Research, Jagiellonian University, Poland 
*E‑mail: ola.nogaj@student.uj.edu.pl

Neuropeptide relaxin‑3 (RLN‑3) has its primary 
source in the brainstem nucleus incertus (NI) and NI 
neurons heavily innervate the dentate gyrus (DG) of 
the ventral hippocampus (vHPC). vHPC is critically in-
volved in processing stress, emotion and affect related 
information. Activation of RLN‑3 receptors – RXFP3 in 
vHPC promotes social avoidance and anxiety, however, 
the neuronal mechanisms underlying NI‑vHPC interac-
tions are still little understood. Therefore, these stud-
ies aimed to verify the nature of vHipp neurons sensi-
tivity to RXFP3 activation and to map the distribution 
of NI‑originating and RLN‑3 containing fibers within 
vHPC. Results of the whole cell patch‑clamp studies 
showed an inhibitory effect of RXFP3 activation on the 
activity of DG vHipp interneurons, which implicates an 
excitatory effect of RLN3 on DG granule cell activity. 
Viral‑based, neural tract‑tracing revealed a high densi-
ty of NI‑originating fibers within the polymorphic and 
molecular layer of the vHipp DG. Importantly, majority 
of NI originating fibers were RLN3‑positive, what indi-
cates NI as a main RLN3 source in the vHipp. The pre-
sented results prove the existence of a  functional link 
between NI and vHipp, and indicate NI‑vHipp axis as an 
important element of the neural mechanism involved 
in stress and arousal related information processing.

Funding: This research was supported by research 
grant from the National Science Centre, Poland 
(UMO‑2018/30/E/NZ4/00687).

THE EFFECTS OF RXFP3 RECEPTOR ACTIVATION 
ON NEURONAL ACTIVITY OF THE RAT VENTRAL 
HIPPOCAMPUS – EX VIVO STUDIES
Kinga Przybylska*, Aleksandra Trenk, Anna Gugula, Anna Blasiak
Department of Neurophysiology and Chronobiology, Institute of Zoology 
and Biomedical Research, Jagiellonian University, Cracow, Poland 
*E‑mail: kingaprzybylska26@gmail.com

Anxiety disorders are one of the most common men-
tal disorders. Regardless of their global prevalence, the 
underlying neuronal mechanisms are still not fully 
understood. Therefore, further research and novel ap-
proaches are crucial for enhancing treatment options. 
One of the structures controlling anxiety related be-
haviors is the ventral hippocampus (vHipp). The vHipp 
is strongly innervated by the stress‑sensitive nucleus 
incertus (NI), the main source of neuropeptide relax-
in‑3 (RLN3) in the brain. Importantly, the activation of 
the RLN3 receptor – RXFP3 in vHipp neurons has been 
shown to promote anxiety and social avoidance. Nev-
ertheless, the neuronal mechanisms of RLN3/RXFP3 
signalling in the vHipp remain unclear. Therefore, with 
the use of multi‑electrode array recordings ex vivo, we 
aimed to determine the impact of RXFP3 activation on 
neuronal activity of the rat vHipp dentate gyrus (DG). 
Our recordings revealed both inhibitory and excitatory 
effects on vHipp DG network activity. In addition, using 
fluorescent multiplex in situ hybridization we showed 
that majority of vGAT1 mRNA‑expressing cells in the 
vHipp GC simultaneously express RXFP3‑mRNA. The 
density of RXFP3 mRNA and the high sensitivity of DG 
neurons to RXFP3 activation suggest that the NI‑vHipp 
pathway plays a major role in the control of anxiety.

Funding: This research was supported by research 
grant from the National Science Centre, Poland 
(UMO‑2018/30/E/NZ4/00687).

REAL‑TIME IMAGING OF DOPAMINE RELEASE AND 
NEURONAL POPULATIONS DYNAMICS IN THE 
MOTOR CORTEX OF AWAKE MICE – DECODING 
OF REWARD‑RELATED SIGNALS AND MOVEMENT 
PARAMETERS
Martyna Gorkowska1*, Rodriguez Parkitna J2, Cieślak PE1

1Department of Neurophysiology and Chronobiology, Institute of Zoology and 
Biomedical Research, Jagiellonian University, Cracow, Poland, 2Department of 
Molecular Neuropharmacology, Maj Institute of Pharmacology, Polish Academy 
of Sciences, Cracow, Poland 
*E‑mail: martyna.gorkowska@student.uj.edu.pl

Motor cortex comprise the primary descending 
circuits for flexible control of voluntary movements 
and is critically involved in motor skill learning. One 
possible process by which motor learning and updat-
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ing is accomplished involves dopaminergic modula-
tion of local neuronal activity. However, causal rela-
tionship between dopamine release and neuronal ac-
tivity in the motor cortex has not been directly tested. 
Here we have performed dual‑color fiber photometry 
recording of dopamine release and local neuronal ac-
tivity with genetically encoded sensors, GRAB_DA2h 
and jRGECO1a, in the motor cortex. Head‑fixed ani-
mals were trained to use their forelimbs to reach for, 
grab and manipulate joystick in order to obtain water 
reward. We observed an increase of GRAB_DA2h and 
jRGECO1a fluorescence during joystick movement and 
water consumption. To further determine which brain 
structures are innervated by cortical dopaminocep-
tive neurons, we counted retrogradely labeled cells 
expressing dopamine receptors in the motor cortex. 
Our preliminary results suggest a  relationship be-
tween dopamine release and local activity of dopami-
noceptive neurons in movement initiation and signal-
ing the outcome of an action. We believe that the bet-
ter understanding of the function of neural circuits 
involved in motor learning is crucial for developing 
novel and more effective therapies for people suffer-
ing from neurological disorders.

Funding: The National Science Centre, grant SONA-
TA 2020/39/D/NZ4/00503.

CHARACTERISTICS OF THE RESPONSE OF THE RAT 
NUCLEUS INCERTUS NEURONS TO A STRESSFUL 
STIMULUS – ELECTROPHYSIOLOGICAL AND 
BIOCHEMICAL STUDIES
Gniewosz Drwięga*, Martyna Gorkowska, Joanna Roszkowska, 
Kamil Pradel, Tomasz Błasiak
Department of Neurophysiology and Chronobiology, Institute of Zoology 
and Biomedical Research, Jagiellonian University, Cracow, Poland 
*E‑mail: gniewosz.drwiega@doctoral.uj.edu.pl

Among the brain structures involved in stress re-
sponse, the brainstem nucleus incertus (NI) plays an 
important role. Although studies showed an indirect 
involvement of NI in controlling stress responses, the 
comprehensive description of the mechanism behind 
it is unknown. Therefore, our study aimed to inves-
tigate NI neurons’ responsiveness to aversive stimuli 
in Sprague‑Dawley rats. For this, electrophysiolog-
ical and biochemical experiments were performed. 
During electrophysiological experiments, the activ-
ity of NI neurons was extracellularly recorded from 
urethane anesthetized male rats exposed to aversive 
stimuli. Simultaneously, field potential was recorded 
from hippocampus (hipEEG) to monitor brain state 
alternation evoked by urethane. To study the involve-
ment of this brain circuit in freely moving animals, 

an aversion‑inducing behavioral protocol followed by 
c‑Fos immunostaining was performed. Electrophysi-
ological data showed that the majority of NI neurons 
were excited by aversive stimulation, however, a few 
of them were inhibited. Interestingly, we identified 
a group of NI neurons which response switched (i.e., 
from excitation to inhibition) when the brain state 
was changed. Accordingly, our immunohistochem-
ical studies confirm that the activity of NI neurons 
was elevated when the animals experienced aversive 
stimulation in an operant chamber. Overall, our study 
shows physiological mechanisms by which NI con-
trols the stress response.

Funding: Grant OPUS UMO‑2019/33/B/NZ4/03127 
from the Polish National Science Center.

IMPACT OF ELASTIN DERIVED PEPTIDES  
ON NEUROSTEROIDS PRODUCTION IN CELLS  
IN VITRO
Bartosz Skóra*, Konrad A. Szychowski
Department of Biotechnology and Cell Biology, Medical College, University of 
Information Technology and Management in Rzeszow, Rzeszow, Poland 
*E‑mail: bskora@wsiz.edu.pl

Astrocytes play a  key role in the steroidogenesis 
which is based on producing of the cholesterol, pro-
gesterone, testosterone, and/or estradiol. Degrada-
tion products of elastin, called elastin‑derived pep-
tides (EDPs) are detectable in cerebrospinal fluid and 
its number increase during aging. VGVAPG peptide is 
conservatively present in elastin and EDPs. Therefore, 
the aim of this research was to investigate the impact 
of VGVAPG peptide on the production of neurosteroids 
markers in mouse astrocytes in vitro. Primary mouse 
astrocytes were maintained in DMEM/F12 without 
phenol red, and supplemented with 10% charcoal/dex-
tran‑treated fetal bovine serum. To elucidate the mech-
anism of the VGVAPG peptide action in astrocytes, cells 
were exposed to 10 nM VGVAPG peptide and co‑treated 
with agonists and/or antagonists (3‑methyladenine, 
PP242, atorvastatin, lactose, rosiglitazone, GW9662 and 
c‑Src kinase inhibitor I) of different cellular receptors. 
After cell stimulation, the production and secretion of 
progesterone, testosterone, and estradiol were mea-
sured by ELISA method. The results showed that af-
ter treatment of astrocytes with VGVAPG peptide the 
changes in the production and secretion of progester-
one, testosterone, and estradiol were noticed. Howev-
er, due to preliminary character of our data more re-
search, underlying the mechanism of VGVAPG peptide 
action in nervous system is needed.

Funding: University of Information Technology and 
Management in Rzeszow, Poland (DS 503‑07‑01‑27).
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THE ROLE OF PERINUCLEAR MAKAP 
SIGNALOSOME IN THE REGULATION 
OF NFAT FUNCTION IN PRIMARY RAT 
HIPPOCAMPAL NEURONS
Joanna Mackiewicz*, Tomasz Boczek 
Department of Molecular Neurochemistry, Medical University of Lodz, Lodz, Poland 
*E‑mail: joanna.mackiewicz1@stud.umed.lodz.pl

Muscle A‑kinase anchoring protein (mAKAP) is 
a  scaffold protein localized to the nuclear envelope of 
neurons and striated myocytes, but the function of neu-
ronal mAKAP has not been well‑characterized. mAKAP 
binds a  large number of enzymes involved in cell sig-
naling, including calcium‑dependent phosphatase cal-
cineurin (CaN) which is an upstream activator of nucle-
ar factor of activated T‑cells (NFAT). Despite the critical 
role of NFAT‑dependent transcription in neurons, it is 
not known how the activity of these transcription fac-
tors is regulated. By binding both CaN and NFAT, mAKAP 
signalosome is hypothesized to regulate NFAT nuclear 
translocation and NFAT‑dependent transcription criti-
cal for neuronal survival and axonal outgrowth. We con-
firmed mAKAP expression and mAKAP‑NFATc4 interac-
tion in primary rat hippocampal neurons using Western 
Blot and co‑immunoprecipitation techniques. More-
over, the association of NFATc4 with mAKAP signalo-
some is enhanced during neuronal depolarization and 
depends on the activity of calcineurin. Thus, mAKAP 
located in the perinuclear space may be a critical point 
for NFATc4 activation and nuclear translocation. In this 
process, mAKAP‑dependent NFATc4 dephosphorylation 
seems to play an important role.

Funding: Supported by the National Science Centre 
(Narodowe Centrum Nauki) grant number 2019/33/B/
NZ4/00587.

MATERNAL HIGH‑MONOSACCHARIDE DIETS 
CHANGE BEHAVIOR AND MELANOCORTIN TYPE 4 
RECEPTORS EXPRESSION IN RAT OFFSPRING
Kacper Witek*, Karolina Wydra, Agata Suder, Małgorzata Filip
Department of Drug Addiction Pharmacology, Maj Institute of Pharmacology 
Polish Academy of Sciences, Cracow, Poland 
*E‑mail: witek@if‑pan.krakow.pl

Sugar is an important energy source for proper or-
ganism homeostasis and is a  highly palatable dietary 
factor. Clinical and preclinical studies have indicated 
that excess maternal sugar consumption predisposes to 
offspring metabolic distribution, but little data point to 
mental disorders development. The aim of our studies 
were to examine the impact of maternal high‑monosac-
charide diets (HMDs), during pregnancy and lactation 
periods, on the offspring’s behavioral responses and 

melanocortin type 4 receptors (MC‑4R) expression. Ad-
olescent and young‑adult offspring Wistar rats of both 
sexes after maternal, rich in glucose or fructose, diets 
were tested in locomotor activity, the novel object rec-
ognition, the elevated zero maze, and the forced swim-
ming tests. The MC‑4R gene expression and protein lev-
el were measured, using RT‑qPCR and ELISA, in several 
offspring’s reward system brain structures at postna-
tal days 28 and 63. The behavioral observations showed 
that maternal fructose diet prone to anxiety‑like be-
havior, and increased preferences for curiosity in 
males. Moreover, HMDs affected at the level of MC‑4Rs 
mRNA and protein depending on the offspring’s sexes 
and ages. Our results showed that perinatal offspring 
exposure to the maternal HMDs can be a  predictor of 
the development of nervous or/and mental disorders 
and changes in melanocortin system regulation.

Funding: This study was supported by the Pol-
ish National Science Center research grant number 
UMO‑2016/21/B/NZ4/00203 to MF and partly by the 
Maj Institiute of Pharmacology PAS statutory funds.

THE EXCITABILITY AND REACTIVITY  
OF 5‑HT1A RECEPTORS IN DORSAL  
RAPHE NEURONS OF 5‑HT7 RECEPTOR 
KNOCK‑OUT MICE
Agnieszka Kania1,2*, Marcin Siwiec1, Grzegorz Hess1

1Department of Physiology, Maj Institute of Pharmacology, Polish Academy 
of Sciences, Cracow, Poland, 2Institute of Zoology and Biomedical Research, 
Jagiellonian University, Cracow, Poland 
*E‑mail: agnieszka.kania@uj.edu.pl

The serotonergic system in the brain is controlled by 
regulation of firing of dorsal raphe nucleus (DRN) sero-
tonin (5‑HT) projection neurons. 5‑HT1A (the target of 
many antidepressants) and 5‑HT7 receptors play a par-
ticularly important modulatory role in the DRN. Since 
these two receptors have opposing effects on neuronal 
excitability and can directly interact within the cell 
membrane, it is of interest whether the absence of one 
would affect the activity of the other. In this study we 
compared the excitability of 5‑HT DRN projection neu-
rons and their response to 5‑HT1A receptor activation 
in wild‑type (wt) and 5‑HT7 knock‑out (5‑HT7KO) mice. 
DRN slices were prepared from adult male 5‑HT7 KO or 
wt mice and whole‑cell recordings were obtained from 
DRN neurons. 5‑HT cells were distinguished from other 
neurons based on the shape of the action potential and 
their identity was further confirmed by immunostaining 
for biocytin and tryptophan hydroxylase. To measure 
neuronal intrinsic excitability, the gain of each cell was 
calculated based on current‑firing frequency relation-
ship. 5‑HT1A receptors were activated by bath‑applied 
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5‑carboxyamidotryptamine (5‑CT; 1 µM, 2 min). The re-
sults show no statistically significant differences in in-
trinsic excitability and 5‑HT1A‑dependent currents be-
tween 5‑HT DRN neurons of wt and 5‑HT7KO mice.

Funding: National Science Centre Poland, grant 
2017/27/B/NZ4/01527.

EXPRESSION OF THE OPRM1 GENE 
IN THE MOUSE STRIATUM
Magdalena Chrószcz1*, Jacek Hajto1, Klaudia Misiołek1, 
Łukasz Szumiec1, Magdalena Ziemiańska1, Anna Radlicka1, 
Mateusz Zięba1, Sławomir Gołda1, Marcin Piechota1, 
Marcin Siwiec2, Jan Rodriguez Parkitna1

1Department of Molecular Neuropharmacology, Maj Institute of Pharmacology, 
PAS, Cracow, Poland, 2Department of Physiology, Maj Institute of Pharmacology, 
PAS, Cracow, Poland 
*E‑mail: Magdalena.chroszcz@gmail.com

The μ opioid receptor in mice is encoded by the 
Oprm1 gene. Multiple transcript variants of the gene 
were identified, products of alternative splicing, two 
possible transcription starts, and several termination 
signals. Altogether, about 30 distinct variants encoding 
several isoforms were reported as possible. Here, we 
investigated the expression of various transcriptional 
forms of Oprm1 in the striatum of C57BL/6N mice. We 
analyzed the results from a long‑read Oxford nanopore 
sequencing together with the data generated by Vis-
ium spatial transcriptomics. We established that the 
most abundant transcript contains exons 1 to 4 and an 
unexpectedly long, 10 kb 3’UTR in the qA1 region of 
chromosome 10. To confirm the result, we performed 
RNAscope in situ hybridization with a customized probe 
targeting the 3’UTR region. The sequencing also re-
vealed the presence of some variants lacking exon 4, al-
beit their abundance seemed relatively modest. In con-
clusion, our data suggest that a  dominant, previously 
not reported Oprm1 transcript in the murine striatum 
represents approximately 90% of total expression. In 
our future research, we would like to examine the dis-
tribution of the transcripts in other brain regions and 
potential implications of the long 3’UTR. 

Funding: This work was supported by the Polish Na-
tional Science Center, grant: 2020/39/B/NZ7/01494.

THE ENDOGENOUS OPIOID SIGNALING 
MODULATES SOCIAL MEMORY IN MICE
Klaudia Misiołek*, Magdalena Chrószcz,  
Łukasz Szumiec, Zofia Harda, Barbara Ziółkowska,  
Jan Rodriguez Parkitna
Maj Institute of Pharmacology Polish Academy of Sciences, Cracow, Poland 
*E‑mail: kl.misiolek@gmail.com

Here we investigate how endogenous opioid signal-
ing controls social recognition in mice. We have used 
two strains of genetically modified mice with deletion 
of the genes encoding the two main precursors of en-
dogenous opioid peptides prodynorphin (Pdyn) and 
preproenkephalin (Penk). Male and female mice of both 
strains had no apparent impairments, showed normal 
activity in the open field test and no change in anxi-
ety‑like behaviors. Interestingly, both strains expressed 
normal preference of saccharine‑sweetened water, and 
did not differ in the volume of liquids consumed. The 
mutations had no appreciable effects on the amount of 
time spent in interaction in the open field with a nov-
el partner, thus indicating normal social anxiety and/
or sociability. However, in the test for social memory, 
animals lacking the Penk gene showed significantly in-
creased social interaction time with a  previously en-
countered partner. Conversely, social memory appeared 
intact in mice with the Pdyn mutation. Taken together, 
these data replicate some of the previously report-
ed phenotypes in Penk and Pdyn KO mice, though we 
would like to note that, contrary to previous findings, 
no evidence was found for altered‑anxiety like behav-
iors or preference for sweet taste. The potential change 
in social memory could be in line with the proposed 
role of opioid signaling in social behaviors, though this 
requires further validation.

Funding: This project was funded by the National 
Science Centre, Poland OPUS2019/35/B/NZ7/03477.

THE EFFECT OF ACUTE KETAMINE OR PSILOCYBIN 
ADMINISTRATION ON RATS ACCUMBAL 
NEUROTRANSMISSION AND BEHAVIOR
Klara Szweda1*, Adam Wojtas1, Agnieszka Bysiek1, 
Zuzanna Szych1, Iwona Majcher‑Maślanka2, 
Krystyna Gołembiowska1

1Department of Pharmacology, Maj Institute of Pharmacology of the Polish 
Academy of Sciences, Cracow, Poland, 2Department of Pharmacology, Laboratory 
of Pharmacology and Brain Biostructure, Maj Institute of Pharmacology of the 
Polish Academy of Sciences, Cracow, Poland  
*E‑mail: klara.szweda@gmail.com

Recently, both ketamine and psilocybin have been 
studied as rapid‑acting antidepressants. The former 
acting as NMDA receptor antagonist, the latter bind-
ing to various 5‑HT receptors, both induce alterations 
in mood and perception. The nucleus accumbens (NAc) 
as an inherent part of the limbic system has long been 
considered as one of the key brain regions concerned in 
affective disorders. The aim of this study was to observe 
the effects of acute ketamine or either low or high dose 
of psilocybin on rat neurotransmission in the nucleus 
accumbens and rats locomotor activity and anxiety‑like 
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behavior. The study was conducted on male Wistar‑Han 
rats (280‑300  g). The animals were treated with sin-
gle dose of ketamine (10  mg/kg) or psilocybin (2 or 
10 mg/kg). The accumbal levels of dopamine, serotonin, 
glutamate and GABA were measured using microdialysis 
in freely moving animals. The effect on behavior was 
assessed with light/dark box test. Acute administration 
of both ketamine and psilocybin elevated extracellular 
levels of all neurotransmitters except glutamate; in this 
case ketamine increased its level, while both doses of 
psilocybin decreased it. Both substances affected lo-
comotor behavior. What is more, psilocybin exhibited 
weak, but significant anxiogenic effect. 

Funding: This research was funded by National Sci-
ence Centre grant no. 2020/37/B/NZ7/03753.

IMPACT OF KETAMINE ANESTHESIA USED 
DURING STEREOTAXIC SURGERIES ON 
LATERAL HABENULA ACTIVITY OVER IN‑VIVO 
ELECTROPHYSIOLOGICAL EXPERIMENTS
Zuzanna Stawicka*, Gabriela Izowit, Martyna Marzec, 
Tomasz Błasiak
Department of Neurophysiology and Chronobiology, Institute of Zoology 
and Biomedical Research, Jagiellonian University, Cracow, Poland 
*E‑mail: zula.stawicka@student.uj.edu.pl

Ketamine‑xylazine anesthesia is widely used in 
laboratory animals. Despite that, the long‑lasting 
effects of ketamine in the dose necessary to induce 
anesthesia are not considered. Ketamine has been 
also known as a  substance of antidepressive po-
tential due to reduction of hyperactivity in lateral 
habenula. Considering the above, I decided to exam-
ine the effect of ketamine administered during ste-
reotaxic surgeries on lateral habenula activity over 
in‑vivo electrophysiological recordings. To do that, 
multi‑electrode array recordings (MEA) under ure-
thane anesthesia on adult Sprague‑Dawley male rats 
were conducted 2,5 – 4  weeks after ketamine‑xyla-
zine injections. My research indicates that ketamine 
used in the dose necessary to induce and sustain an-
esthesia, leads to the reduction or even silence of 
the spontaneous activity of lateral habenula during 
electrophysiological recordings. The above results 
suggest that ketamine should not be used through-
out surgeries preceding experiments in which lateral 
habenula and potentially other structures e.g., ven-
tral tegmental area or raphe nucleus, are tested. My 
research also indicates that more emphasis should be 
placed on learning about the long‑lasting effects of 
specific anesthetic substances. It will enable to re-
ceive more reliable research results and reduce sacri-
ficed laboratory animals.

HBK‑10, A 5‑HT1A AND D2 RECEPTOR 
ANTAGONIST, SHOWS ANTIPSYCHOTIC‑LIKE 
ACTIVITY IN MICE
Klaudia Lustyk1*, Nathalie Idlin1, Kinga Sałaciak1, 
Dorota Żelaszczyk2, Henryk Marona2, Karolina Pytka1

1Department of Pharmacodynamics, Faculty of Pharmacy, Jagiellonian University 
Medical College, Cracow, Poland, 2Department of Bioorganic Chemistry, Chair of 
Organic Chemistry, Faculty of Pharmacy, Jagiellonian University Medical College, 
Cracow, Poland 
*E‑mail: klaudia19.lustyk@uj.edu.pl

Schizophrenia affects around 24 million people 
worldwide. In addition to positive and negative symp-
toms, the majority of patients suffer from cognitive 
impairments and anxiety that worsen their quality of 
life and remain a big challenge to treat. Therefore, it is 
substantial to develop novel compounds with antipsy-
chotic‑like properties that would also improve memory 
deficits and anxiety associated with schizophrenia. As 
our previous studies proved that a  novel 2‑methoxy-
phenylpiperazine derivative, HBK‑10, showed a high af-
finity for 5‑HT1A and D2 receptors, here we investigat-
ed its antipsychotic‑like, anxiolytic‑like, and anti‑am-
nesic properties. In all experiments, we used male CD‑1 
mice. We performed an amphetamine‑induced hyperlo-
comotion test to determine the antipsychotic‑like ac-
tivity of HBK‑10. To assess the cataleptogenic potential 
of the tested compound a  catalepsy bar test was used. 
Next, we investigated the anxiolytic‑like properties in 
a  four plate test. To determine the possible anti‑am-
nesic activity of HBK‑10, we induced memory deficits 
by MK‑801 injection and then tested the compound in 
a  novel object recognition test. HBK‑10 presented an-
tipsychotic‑like activity in mice. Importantly, the com-
pound did not induce catalepsy in a  wide dose range, 
which suggests its low potential to cause extrapyrami-
dal symptoms. However, HBK‑10 neither displayed anxi-
olytic‑like activity nor reversed MK‑801‑induced recog-
nition memory impairments. 

Funding: N42/DBS/000288.

SENSORY DISORDERS IN ASD –  
TEST IN BTBR MOUSE MODEL OF ASD
Weronika Bakun1,2#*, Iga Pawłowska1,2#, Ksenia Meyza1, 
Joanna Jedrzejewska‑Szmek1, Magdalena Majkowska1, 
Renata Zakrzewska1, Tomasz Włodarczyk1, Ewa Kublik1

1Nencki Institute of Experimental Biology, Warsaw, Poland,  
2University of Warsaw, Warsaw, Poland 
#equal contribution 
*E‑mail: w.bakun@student.uw.edu.pl

Despite affecting almost all ASD patients, sensory dis-
orders were treated as a  secondary outcome of general 
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developmental impairments. Currently, the hypothesis 
that changes in sensory systems are primary to the devel-
opmental disorders and neurobiology of ASD is increas-
ingly being considered. There is a need for reliable tests 
checking sensory sensitivity in mouse models of ASD. 
We aimed to verify two behavioral tests in BTBRT+It-
pr3tf/J mice (model of autism) as compared to a control 
(C57BL/6J). First, we used ecological, automated experi-
mental cages (IntelliCage) with drinking corners labeled 
with multi‑sensory or light stimuli. We compared the 
numbers of visits to given corners. In the second exper-
iment, mice were subjected to a  whisker nuisance test 
(WNT), during which the animals’ vibrissae were stimu-
lated with a wooden stick. We compared the average time 
spent by the mouse on the behaviors indicative of aver-
sion and/or irritability. Preliminary results of our stud-
ies indicated elevated tactile reactivity in BTBR mice in 
WNT, with no difference in respect to sex; and tendency 
for stronger avoidance of stimulated corners in the In-
telliCages. However, the experiment also highlighted the 
importance of a stable control group, as the two runs of 
IntelliCage tests indicated divergent C57 behavior.

Funding: NCN grant No 2015/18/E/NZ4/00600.

EVALUATION OF ADAPTIVE CHANGES IN 
IONOTROPIC GLUTAMATERGIC RECEPTORS 
INDUCED BY ANTIDEPRESSANT TREATMENT
Piotr Dziura*, Kinga Kurowska, Aleksandra Miarecka,  
Małgorzata Wolak, Agata Siwek
Department of Pharmacobiology, Faculty of Pharmacy,  
Jagiellonian University Medical College, Cracow, Poland 
*E‑mail: piotr.dziura@student.uj.edu.pl

For many  years of research into depression, scien-
tists focused primarily on the studies of changes in the 
cerebral cortex and the hippocampus. However, recent 
investigations suggest a  cerebellar role in the patho-
physiology of depression and the mechanisms of anti-
depressant drug action. Yet, the study of this structure 
has mainly been of neuroimaging nature. There is little 
data on the biochemical changes occurring in the cer-
ebellum in the course of depression or its treatment. 
Our previous data showed the adaptive changes in the 
rat cerebellum induced by the 21‑day administration 
of antidepressants concerning ionotropic glutamater-
gic receptors. Our experiment aimed to investigate if 
the adaptive changes in the rat cerebellum occur af-
ter shorter, 14  days of antidepressant administration. 
Drugs with varying mechanisms of action were select-
ed: imipramine, reboxetine and S‑citalopram. As a con-
trol, saline was used. Drugs were administered to rats 
(n=8/group) intraperitoneally for 14 days. Cerebellums 
were isolated, and protein expression was determined 

using Western blot analysis. The study involves the 
GluN2B subunit from NMDA and GluA2 subunit from 
AMPA glutamatergic receptors. Preliminary results 
show adaptive changes in NMDA subunit concentration 
after reboxetine and S‑citalopram administration.

Funding: This study was supported using the stat-
utory funds of the Jagiellonian University Medical 
College (N42/DBS/000225).

REVERSIBLE INHIBITION OF THE OLFACTORY 
BULB REDUCES MK801‑ENHACED 
HIGH‑FREQUENCY OSCILLATIONS (130‑180 HZ) 
IN THE PIRIFORM CORTEX
Jacek Wróbel1*, Władysław Średniawa2, Daniel K. Wójcik1, 
Mark J. Hunt1

1Laboratory of Neuroinformatics, Nencki Institute of Experimental Biology, 
Warsaw, Poland, 2Laboratory of Neurophysiology of Mind, Nencki Institute 
of Experimental Biology, Warsaw, Poland 
*E‑mail: j.wrobel@nencki.edu.pl

In rodents, NMDAR antagonists enhance high fre-
quency oscillations (HFO) 130‑180  Hz measured in LFP 
in many brain regions. The olfactory bulb (OB), a strong 
generator of HFO, sends excitatory projections to the 
piriform cortex (PCtx). Here, we examined whether 
systemic injection of MK801 also enhances HFO in the 
PCtx and if reversible inhibition of the OB influences 
this activity. LFP from the OB and PCtx were recorded 
after systemic injection of 0.15  mg/kg MK801 in freely 
moving rats. Thirty minutes after injection rats received 
microinfusion of muscimol (0.5  µg) or saline to the OB 
or PCtx. Systemic injection of MK801 increased the HFO 
power in both structures. HFO power was significantly 
higher in the OB compared to the PCtx. Microinfusion of 
muscimol to the OB produced an immediate reduction 
in HFO power in the OB and PCtx. By contrast, musci-
mol infusion to the PCtx produced a gradual reduction in 
HFO power in the PCtx without affecting the OB. These 
findings suggest that OB efferent activity plays a critical 
role in the generation of HFO post NMDAR antagonists 
in downstream targets. The OB appears to play a crucial 
role in broadcasting this activity to other brain areas.

Funding: NCN 2016/23/B/NZ4/03657.

OXYTOCIN RECEPTOR AGONIST LIT‑001 
REVERSES IMPAIRMENTS IN THE NOVEL 
OBJECT RECOGNITION TASK IN THE 
NEURODEVELOPMENTAL SCHIZOPHRENIA MODEL
Diana Piotrowska*, Piotr Popik, Agnieszka Nikiforuk
Department of Behavioral Neuroscience and Drug Development, Maj Institute 
of Pharmacology, Polish Academy of Sciences, Krakow, Poland 
*E‑mail: dpiotrow@if‑pan.krakow.pl
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Schizophrenia is a  chronic, debilitating disease of 
uncertain etiology with strong neurodevelopmental 
compound. Researchers distinguish three clusters of 
symptoms: positive (psychosis), negative (social with-
drawal, depression) and cognitive (impaired learning 
and memory). Oxytocin (OXT) is a  neuropeptide in-
volved in social functions, including social memory 
and deficits in oxytocin’s production or secretion are 
present, among others, in depression and schizophre-
nia. Previous studies on exogenous OXT administration 
to schizophrenia patients have provided inconsistent 
results. First nonpeptide OXTR agonist, LIT‑001 may 
bring a breakthrough in the oxytocin studies due to its 
better penetration of brain tissue. The schizophrenia 
model was obtained by intraperitoneal administration 
of mitotoxin methylazoxymethanol acetate on GD 17 
to pregnant rat dams. Offspring of such treated dams 
were tested in early adulthood in the novel object rec-
ognition task (NORT) to evaluate pro‑cognitive effects 
of LIT‑001. Animals received intraperitoneal injection 
of LIT‑001 (1 mg/kg) or vehicle either for 9 days before 
test or 30 min prior to the first phase of the NORT. Re-
sults suggest that LIT‑001 can reverse cognitive deficits 
present in the MAM model of schizophrenia, improv-
ing animal performance in NORT. As oxytocin is mainly 
involved in social activities, the efficacy of the OXTR 
agonist against MAM‑induced social dysfunctions war-
rants further studies.

Funding: This study was funded with Diamentowy 
Grant, 0049/DIA/2019/48 to D.P. 

EVALUATION OF NEUROPROTECTIVE POTENTIAL 
OF 5‑HT7 AGONISTS IN CELLULAR MODELS OF 
PARKINSON’S DISEASE
Klaudia Jakubowska1*, Adam S. Hogendorf2, Agata Hogendorf2, 
Danuta Jantas1 
1Department of Experimental Neuroendocrinology, Maj Institute of Pharmacology 
of the Polish Academy of Sciences, Cracow, Poland, 2Department of Medicinal 
Chemistry, Maj Institute of Pharmacology of the Polish Academy of Sciences, 
Cracow, Poland 
*E‑mail: kl.jakubowska@student.uj.edu.pl

Serotonin (5‑hydroxytryptamine, 5‑HT) is a crucial 
neurotransmitter regulating a wide range of physiolog-
ical and pathological functions. Among 5‑HT receptors 
widely distributed in the brain is the 5‑HT7, the stim-
ulation of which favors neurite outgrowth. Since the 
role of 5‑HT7 in neuroprotection is not well recognized, 
we studied the effects of commercially available 5‑HT7 
agonist, 5‑carboxamidotryptamine (5‑CT) and low‑ba-
sicity 5‑HT7 agonists (AH‑494, AGH‑238 and AGH‑194) 
in cellular models of Parkinson’s disease. We used hu-
man neuroblastoma SH‑SY5Y cells exposed to oxidative 

stress inducer (hydrogen peroxide, H2O2) or PD neu-
rotoxins, 6‑hydroxydopamine (6‑OHDA) and 1‑meth-
yl‑4‑phenylpyridinium (MPP(+)). We have shown that 
a  30  min pretreatment with 5‑CT (0.01 and 0.1 uM), 
AH‑494 (0.01 and 0.1 uM) and AGH‑238 (1 uM) but not 
with AGH‑194 partially attenuated the H2O2‑evoked 
cell damage in undifferentiated (UN‑) SH‑SY5Y cells. 
We did not find any protection by these compounds in 
retinoic acid (RA‑) differentiated SH‑SY5Y cells sug-
gesting that some mechanisms of its protective action 
could be masked by RA. Moreover, the studied 5‑HT7 
agonists (0.01‑1 uM) have shown no protective efficacy 
against 6‑OHDA or MPP(+)‑evoked cell damage in both 
cell phenotypes. Our data point to a limited neuropro-
tective efficacy of 5‑HT7 agonists in human neuroblas-
toma cells used as neuronal‑like model.

Funding: Statutory funds of the Maj Institute of 
Pharmacology of the Polish Academy of Sciences.

LENTIVIRAL DELIVERED CRISPR‑CAS9  
SYSTEM FOR MECHANISTIC INVESTIGATION  
IN PRIMARY NEURONAL MODEL OF  
PARKINSON’S DISEASE
Gabriela Burda*, Katarzyna Maziarz, Justyna Barut, 
Piotr Chmielarz
Department of Brain Biochemistry, Maj Institute of Pharmacology, 
Cracow, Poland 
*E‑mail: gabr.burda@gmail.com

Parkinson’s disease is a  neurodegenerative disor-
der characterized by loss of dopaminergic neurons and 
accumulation of protein aggregates called Lewy bod-
ies which mainly consist of α‑synuclein. We developed 
and validated lentiviral‑vector mediated CRISPR‑Cas9 
system to knock‑out specific genes in neuronal mod-
el of αsynuclein aggregation. SgRNAs targeting Akt1, 
Src and Tmem175 were designed and cloned with type 
IIs restriction enzymes into 3rd generation lentiviral 
transfer plasmid. Cloned vector expressed sgRNA un-
der human U6 promoter, SpCas9 and mCherry both 
under human synapsin promoter. Lentiviral vectors 
were packaged in HEK293T cells. To determine effec-
tiveness of gene ablation, DNA from transduced pri-
mary neurons was isolated after 3, 7 or 10 days, region 
spanning sgRNA complementary site was amplified 
by PCR, sequenced and analyzed for indels by TIDE 
(Tracking of Indels by Decomposition). Each virus 
preparation exhibited transduction efficiency of >50% 
as assessed by imaging of mCherry expression. Anal-
ysis of sequenced DNA demonstrated indel frequency 
of 1040% in entire neuronal population. Overall, test-
ed vector demonstrated high transduction efficiency 
and modest indel generation rate in primary neurons. 
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Efficiency could be increased in future by combining 
multiple sgRNAs. Obtained vectors are currently uti-
lized to investigate mechanisms of protective action 
of PKB/Akt pathway against αsynuclein aggregation 
in primary neurons.

Funding: This work was supported by the statuto-
ry funds of the Maj Institute of Pharmacology, PAS, 
Poland.

NEUROPROTECTIVE EFFECTS OF  
POLYACRYLIC ACID (PAA) CONJUGATED  
CERIUM OXIDE AGAINST HYDROGEN  
PEROXIDE INDUCED CELL DAMAGE  
IN SH‑SY5Y CELLS
Rugmani Meenambal1*, Tomasz Kruk2,  
Piotr Warszyński2, Danuta Jantas1

1Department of Experimental Neuroendocrinology, Maj Institute  
of Pharmacology, Polish Academy of Sciences Cracow, Poland,  
2Jerzy Haber Institute of Catalysis and Surface Chemistry,  
Polish Academy of Sciences, Krakow, Poland 
*E‑mail: rugmanim@if‑pan.krakow.pl

An increased oxidative stress is involved in patho-
genesis of various neurodegenerative disorders includ-
ing Parkinson’s disease (PD). Although, cerium oxide 
nanoparticles are well explored in theranostics due to 
its antioxidant and reactive oxygen scavenging activi-
ties, the reports related to PD are scarce. Therefore, we 
studied biosafety and protective effects of polyacrylic 
acid conjugated cerium oxide (PAA‑CeO) nanoparticles 
in human neuroblastoma SH‑SY5Y cells, a cellular mod-
el for PD. PAA‑CeO was synthesized by aqueous precipi-
tation method. The Dynamic Light Scattering and Scan-
ning Electron Microscopic images revealed spherical 
nature of particles with diameter about 10‑20 nm and 
exhibited a zeta potential of ‑35 mV with good stability 
at room temperature. Different concentrations (0.5M, 
0.05M and 0.03M) of PAA‑CeO at different dilutions (1:1, 
1:2, 1:4) were tested for cytotoxicity and 0.5M was det-
rimental for cells at dilutions of 1:1 and 1:2, but not 
1:4. While, 0.05 and 0.03M PAA‑CeO were safe in all di-
lutions. The cells pretreated with PAA‑CeO attenuated 
the cell damage of SH‑SY5Y cell evoked by oxidative 
stress inducer, hydrogen peroxide as confirmed by LDH 
release assay and propidium iodide staining method. 
These results indicate the neuroprotective potency of 
PAA‑CeO, which should be explored in other neurotox-
in‑based models of PD.

Funding: European Union’s Horizon 2020 research 
and innovation programme under the Marie Skłodows-
ka‑Curie grant agreement No 847639 under Polish 
Academy of Sciences PASIFIC Postdoctoral Fellowship 
Call 1 (Agreement No PAN.BFB.S.BDN.623.022.2021).

THE EFFECT OF B355252 ON 
NEURODEGENERATION AND 
NEUROINFLAMMATION IN THE MURINE 
MODEL OF PARKINSON’S DISEASE
Adriana Wawer*, Ewa Wojnar, Ilona Joniec‑Maciejak
Department of Experimental and Clinical Pharmacology, Centre for Preclinical 
Research and Technology CePT, Medical University of Warsaw, Warsaw, Poland 
*E‑mail: awawer@wum.edu.pl

Parkinson’s disease (PD) is a  chronic neurodegen-
erative disorder mainly resulting from damage to the 
nigrostriatal pathway. However, an effective therapeu-
tic approach that reverse or cure this disorder remains 
undiscovered. The neuropathological changes present in 
PD are well reflected in a  murine model of PD induced 
by intraperitoneal administration of the neurotoxin 
1‑methyl‑4‑phenyl‑1,2,3,6‑tetrahydropyridine (MPTP). 
The objective of the present study was to determine 
whether B355252, a  phenoxythiophene sulfonamide 
derivative, can ameliorates neurodegenerative pro-
cesses and the progress of the inflammatory reaction 
in the murine model of PD. Male C57Bl/10CLZD mice 
10‑12 month‑old were used in this study. B355252 solu-
tion was administered intraperitoneally in three doses: 
2,5 mg/kg, 5 mg/kg, 10 mg/kg. One day later, the mice 
were administered the neurotoxin MPTP (40  mg/kg), 
and on day 7, the animals were decapitated an the ma-
terial was collected to testing. The expression of genes 
in the isolated brain structures was determined by re-
al‑time PCR. This study demonstrates that pretreat-
ment with B355252 leads to dose‑dependent decreasion 
of expression of proinflammatory cytokines IL‑1α and 
TNF‑α, which may indicate the anti‑inflammatory effect 
of B355252. The obtained data suggest that further re-
search on the molecule may be beneficial and may lead 
to the development of a new treatment option for PD.

THE EFFECT OF BLUE LIGHT ON THE 
PARKINSON’S DISEASE IN THE DROSOPHILA 
MELANOGASTER MODEL
Kornel Szypulski*, Milena Damulewicz
Department of Cell Biology and Imaging, Institute of Zoology  
and Biomedical Research, Faculty of Biology, Jagiellonian University,  
Cracow, Poland 
*E‑mail: kornel.szypulski@student.uj.edu.pl

Parkinson’s disease (PD) is the second most common 
neurodegenerative disorder in the world. Still, many 
factors affecting its development remain undiscov-
ered. The effect of blue light emitted by monitors, TVs 
and smartphones on the nervous system is a widely in-
vestigated and discussed topic in neuroscience. In fruit 
flies, long‑term exposure to blue light has been shown 
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to result in reduced lifespan, motor impairment, neu-
rodegeneration and changes in the expression levels of 
genes related to oxidative stress. In the present project, 
we focused on the effect of relatively short exposure to 
blue light on the exacerbation of PD. We used the park 
mutant strain of Drosophila melanogaster, widely used as 
PD model and wild‑type Canton‑S as control. Both strains 
were divided to two groups: one was exposed to blue light 
for 1 h, the second was kept in normal conditions. In the 
groups exposed to blue light changes in survival curves 
were observed. Changes in the expression level of genes 
related to the dopamine pathway, response to oxidative 
stress and autophagy were also demonstrated. These re-
sults show that even a brief exposure to high‑energy blue 
light can have an effect on the organism’s functioning, 
causing exacerbation of Parkinson’s disease.

Funding: UMO‑2017/27/B/NZ3/00859.

POSTURAL CHANGES RELATED  
TO AGING AND PARKINSON’S DISEASE
D. Bzdúšková1*, P. Valkovič1,2, Z. Hirjaková1,  
F. Hlavačka1, J. Kimijanová1

1Department of Behavioural Neuroscience, Centre of Experimental Medicine, 
Slovak Academy of Sciences, Bratislava, Slovakia, 2Second Department of 
Neurology, Faculty of Medicine, Comenius University, Bratislava, Slovakia 
*E‑mail: diana.bzduskova@savba.sk

Aging and Parkinson´s disease (PD) are accompanied 
by postural instability and falls that affect daily living 
activities and quality of life. The balance problems and 
increased incidence of falls have been associated with 
decreased functional ability to adapt to altered sensory 
conditions. A sudden change of sensory input represents 
a  transient period in balance control, which could be 
more demanding for vulnerable elders and PD patients. 
The aim was to evaluate effects of age and PD on dy-
namic postural responses to bilateral lower leg muscle 
vibration during stimulation period and immediately 
after the stimulation offset. Thirteen healthy young 
(mean age 25.0), 13 healthy elders (mean age 70.1) and 
13 PD patients (mean age 63.7) were assessed by force 
platform and 2 accelerometers attached on upper and 
lower trunk. Young and elders differed during and after 
stimulation period, while differences between elders 
and PD patients were seen mainly after the stimulation 
offset. Analysis and clarification of postural responses 
in transient period may be helpful to better distinguish 
between changes due to age and pathological chang-
es due to PD. On the other hand, responses to sudden 
changes of sensory inputs can identify people with po-
tential fall risk regardless of age and PD.

Funding: This work was supported by the grants 
VEGA 2/0118/21, 2/0080/22 and APVV‑20‑0420. 

EFFECT OF AEROBIC‑STRENGTH EXERCISE 
ON POSTURAL STABILITY IN PATIENTS WITH 
PARKINSON’S DISEASE: INTERIM ANALYSIS
J. Kimijanová1*, D. Bzdúšková1, L. Slobodová2, V. Litváková2, 
I. Straka3, Z. Košutzká3, P. Valkovič1,3, F. Hlavačka1, J. Ukropec2, 
B. Ukropcová2 
1Department of Behavioural Neuroscience, Centre of Experimental Medicine, 
Slovak Academy of Sciences, Bratislava, Slovakia, 2Center of Physical Activity, 
Biomedical Research Center, Slovak Academy of Sciences, Bratislava, Slovakia, 
3Second Department of Neurology, Faculty of Medicine, Comenius University 
& University Hospital Bratislava, Bratislava, Slovakia 
*E‑mail: jana.kimijanova@savba.sk

Postural instability leading to reduced mobility af-
fects balance in Parkinson´s disease (PD). Recent studies 
showed that different types of interventions based on 
supervised physical training might result in improve-
ment of balance‑related outcomes. However, there is 
still lacking evidence about what type of training would 
be the most appropriate. In our pilot trials, we exam-
ined the postural stability of four PD patients (men, age 
50‑66 yrs, Hoehn‑Yahr 1‑2, on PD medication) before 
and after a 4‑month combined strength‑endurance su-
pervised training, with frequency 3 × 1 h per week. Pos-
turographic variables (amplitude/velocity of body sway, 
root mean square and line integral quantified from the 
center of pressure displacement) were evaluated during 
4 static (standing on firm/foam support with eyes open/
closed) and 2 dynamic conditions (vibration of lower leg 
muscles). Three patients showed improved postural sta-
bility manifested by smaller and slower body sway even 
in the most challenging sensory condition post‑training 
compared to pre‑training measurement. These results 
indicate that sensory feedback‑based control was more 
effectively utilized after the intervention. The study is 
ongoing, and data from more patients as well as control, 
non‑exercising group will be available for the analysis in 
future, to confirm the effect of regular aerobic‑strength 
exercise on postural stability in PD patients. 

Funding: This work was supported by the grants VEGA 
2/0080/22, VEGA 2/0076/22, APVV‑20‑0420, APVV‑20‑0466.

EPIDEMIOLOGICAL DATA AND CASE 
REPORT ON MOTONEURON DISEASE
Nataliya Nekrasova*, Rhea Singh 
Department of Neurology, Kharkiv National Medical University, Kharkiv, Ukraine 
*E‑mail: limka.nno@gmail.com

Motoneuron disease (MD), also known as Lou Geh-
rig’s disease, is rare neurodegenerative disease which 
affects motor neurons. Patient M., 51, presented to Sci-
entific‑Practical Medical Centre of KNMU in 2019 with 
a  1‑year history of weakness in hands with restriction 
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of movement in left hand and muscle twitches. Muscle 
weakness increased after physical strain. Over the last 
few  weeks, his health had deteriorated. Neurological 
examination: Tendon reflexes on the hands, knee, achil-
les were increased (D>S). The muscle force in left hand 
– 2.5 points, on the right – 4 points and on the legs – 5 
points each. Barre testis + on the left. Muscle fascicula-
tions were present in the left forearm and neck muscles. 
Muscles of distal extremities were atrophied. He was 
ataxic in Romberg position. No other signs were identi-
fied. A needle (ENMG) showed the motor unit with signs 
of restructuring along neuronal type, involving the 
muscles of cervical, lumbar sacral thickness and bulbar 
group with signs of denervational process. Thus, the pa-
tient was diagnosed with MD, diffusing form with mod-
erate upper paraparesis, bulbar disorders. He is being 
treated with xavron 60 mg intravenous drip N° 14 and 
intramuscular Neurobion 1 amp. The cause and cure of 
MD are topics to be researched on.

“EEGHUB.GE” DATABASE FOR STUDY  
EEG PATTERN IN PATIENTS WITH  
CNS DYSFUNCTION
Irma Khachidze1,2*, Q. Aptsiauri2, M. Gugushvili1, M. Advadze2 
1Department Of Human Psychophysiology, I. Beritashvili Center of Experimental 
Biomedicine, Tbilisi, Georgia, 2Department of Medicine, SEU University, 
Tbilisi, Georgia 
*E‑mail: irmakha@yahoo.com

EU Project NI4OS is funded by the European Commis-
sion’s Horizon 2020 program. The first online EEG da-
tabase “EEGHUB.GE” in Georgia was funded and select-
ed as a thematic service. EEG data of patients with NS 
dysfunction is uploaded to the European Open Science 
Cloud. “EEGHUB.GE” is used to study EEG characteris-
tics in Patients with different CNS‑disorder. First study 
revealed EEG biomarkers in 39 epileptic children aged 
(6‑10 years) during the AED‑treatment. Second study is 
aimed to determine the EEG pattern to hyperventila-
tion based on time and age of patients. The presence 
rhythmic monomorphic theta waves of tempo‑parietal 
region is a  predicting factor for seizures recurrence. 
The pathological EEG reaction to hyperventilation was 
revealed in 985, into the 3‑50 age groups. Three types 
of EEG reaction to hyperventilation were revealed of 
disorganization of the basic rhythm (than paroxys-
mal and epileptiform discharges) in all minutes. In the 
first minute was revealed ratio between all types of 
EEG and age, compare to second/third min. Reduction 
of low‑frequency waves, suppression of epileptiform 
EEG pattern simultaneously with clinical improvement 
serve as biomarker. EEG‑response to hyperventilation 
is informative for scientific and clinical study. Exten-

sion of functional test is not recommendable, especial-
ly in patients with CNS‑disorders and in children.

INVESTIGATING THE EFFECTS OF 
PSYCHOTHERAPEUTIC IMAGERY 
TECHNIQUES WITH RENEWAL 
AND RECALL PROCEDURES
Stanisław Karkosz*, Julia Bączek,  
Magdalena Pietruch, Jarosław M. Michałowski
Poznan Laboratory of Affective Neuroscience, SWPS University of Social 
Sciences and Humanities, Poznan, Poland 
*E‑mail: skarkosz@swps.edu.pl

Imagery techniques were found be effective in re-
ducing various mental problems. There are two imag-
ery techniques that are most commonly used for treat-
ment: a classical imagery exposure (IE) and a more con-
temporary one – imagery rescripting (IR). Although it 
was shown clinically effective, IR is still under research 
in terms of neurological and psychophysiological foun-
dations. We try to establish these foundations using 
a  renewal and recall procedures. In our study, partic-
ipants characterized by an increased fear of failure 
underwent a 2‑weeks long imagery treatment in a be-
tween group design (IE or IR). During treatment par-
ticipants were listening to the recordings of their own 
autobiographical events of criticism that were rescript-
ed (IR) or presented in a prolonged way (IE). Treatment 
effects were assessed based on skin conductance level 
(SCL) that was measured both in the therapy context 
(recall procedure) and in the new context (i.e., in a new 
space; renewal procedure). Both techniques turned out 
to be similarly effective at recall. The results from the 
renewal procedure show that IR was more effective 
than  IE, as in the new context the fear reaction reap-
peared in IE group.

Funding: National Science Centre Grant “How to im-
prove the effectiveness of psychotherapeutic imagery 
techniques?” 2018/30/E/HS6/00703 Sonata Bis 8.

ORIGINAL TECHNIQUE OF SEALING 
CEREBROSPINAL FLUID LEAKAGE FROM 
DURAL SAC CAUSING SPONTANEOUS 
CEREBRAL HYPOTENSION
Mateusz Ząbek1*, Grzegorz Turek2

1Medical Division, Cardinal Stefan Wyszynski University, Warsaw Poland, 
2Department of Neurosurgery, Brodno Masovian Hospital, Warsaw, Poland 
*E‑mail: mateusz.m.zabek@gmail.com

Spontaneous intracranial hypotension (SIH) is 
a  disease characterized by a  decrease in the amount 
and/or pressure of cerebrospinal fluid (CSF). The cause 
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of the decrease in CSF is its leakage through the dam-
aged dura. Severe, debilitating headache that occurs 
or worsens during verticalization is the main symptom 
reported by the patients which is relieved in recum-
bent position. Symptoms are explained by a  decrease 
in intracranial pressure, which disrupts intracranial 
homeostasis. SIH treated unproperly may lead to se-
vere and fatal complications. Most patients recover 
from conservative treatment, but when the patient is 
unresponsive to this kind of treatment the invasive 
methods should be performed. Right now, the golden 
standard for invasive SIH treatment is epidural blood 
patch (EBP). We present the original technique of per-
forming the EBP injected directly to the intravertebral 
foramen under the CT guidance. To the addition to the 
procedure of EBP, we are including the postoperative 
care which is based on bed rest in the lateral position 
on the opposite side to the fistula. The method pro-
posed by us is the effect of own clinical experience and 
with addition of propositions published by other au-
thors, we believe in our method and its effectiveness 
in the SIH treatment.

MORPHOLOGICAL STUDY OF THE CEREBELLUM 
Mykhailo Kalinichenko*
Department of Histology, Cytology and Embryology, Kharkiv National Medical 
University, Ukraine  
*E‑mail: kelend13@gmail.com

Changes of the cerebellar parameters may man-
ifest as a  result of multiple sclerosis, Chiari malfor-
mation, Parkinson’s disease, etc. This cadaveric study 
was designed to investigate the variant anatomy of 
the cerebellum measurements and its shape. It was 
performed on 101 samples of cerebellum and adjacent 
brainstem. Cerebellar width (CW), length (CL) and 
height (CH) were measured according to the cranial 
axes. Certain methods, used to describe morphology 
of the cerebellum, cerebrum, liver and adrenal gland, 
were examined, adapted and applied to the present 
study. Statistical analysis revealed relative indepen-
dence of the CH and its ratios. In contrast, significant 
correlation was found between CW and CL, as well as 
their ratios. The study indicates that CW and CL are 
the main factors of the linear relationship between 
cerebellar shape and age; this relationship also differs 
between men and women. Twenty‑seven variants of 
the cerebellar shape were distinguished in a  classi-
fication presented in this paper. It gives distinct de-
scription of the cerebellar shape relatively to all three 
dimensions. These results may be valuable for further 
morphological investigations of the cerebellum and 
for the MRI diagnostics.

FRACTAL DIMENSION AS A MEASURE OF 
ATROPHIC CHANGES IN HUMAN CEREBELLUM 
THROUGHOUT ADULTHOOD
Oleksandr Stepanenko1*, Nataliia Maryenko1

1Department of Histology, Cytology and Embryology,  
Kharkiv National Medical University, Kharkiv, Ukraine 
*E‑mail: oy.stepanenko@knmu.edu.ua

Distinguishing between morphological changes in 
cerebellar structures while normal aging and patholog-
ical ones by various diseases is especially important for 
clinical practice. In our study we aimed to characterize 
atrophic changes in cerebellum while normal aging. The 
present study included investigation of macrophoto-
graphs of 100 midsagittal sections of cadaveric cerebella 
obtained from patients whose death was not tied with 
brain pathology (age range 20‑95 years) and T2‑weight-
ed MRI scans of 120 apparently healthy individuals (age 
range 18‑86  years). We employed fractal analysis using 
conventional box counting method to measure fractal 
dimension (FD) of white matter in cadaveric cerebella 
and original, author‑modified pixel dilating method to 
measure FD of outer linear contour of cerebellar cortex 
on MRI scans. The average FD value of cerebellar white 
matter, measured in cadaveric specimens, was 1.37±0.01; 
the average FD value of cerebellar cortex contour, mea-
sured on MRI scans, was 1.40±0.01. We revealed signifi-
cant negative correlation relationships between deter-
mined FD values and age (r=‑0.92, P<0.05, and r=‑0.53, 
P<0.05, respectively). Thus, the FD values of cerebellar 
white matter and outer linear contour of cerebellar cor-
tex decrease significantly with age. Fractal analysis can 
be used to characterize atrophic changes both in normal 
aging and by various pathologies.

ON THE TRAIL OF SOMNAMBULISM 
Karolina Warzecha*
Department of Biology, Jagiellonian University, Krakow, Poland 
*E‑mail: karolina1.warzecha@student.uj.edu.pl

Somnambulism, commonly known as sleepwalking, af-
fects only 3% of the adult population. It is a parasomnia as-
sociated with the NREM phase characterized by incomplete 
awakening during sleep, with simple or complex behaviors 
with simultaneous full or partial amnesia of nocturnal ex-
periences. Based on self‑report and statistical analysis in 
SPSS of the results from the questionnaires, we investigat-
ed the effects of evening chronotype, COVID‑19 pandemic 
(SARS‑CoV‑2) and sleep disorders on the occurrence and 
frequency of sleepwalking episodes in adults. No significant 
statistical differences were found between the incidence 
and frequency of sleepwalking episodes and the mentioned 
factors. However, this does not exclude their influence. The 
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conducted study is a good start for a rarely studied group of 
adult sleepwalkers. Future work should focus on increasing 
the study group and expanding the research methodology.

REPRODUCIBILITY OF SPATIAL SUMMATION OF 
PAIN EFFECT DURING COVID‑19 PANDEMIC
Daria Nowak1*, Jakub Nastaj1, Jacek Skalski1, 
Aleksandra Budzisz1, Tibor Szikszay1,2, Sylwia Swoboda1, 
Weronika Kowalska1, Edyta Zbroja1, Natalia Kruszyna1, 
Marta Jakubińska1, Dominika Grygny1, Romuald Polczyk3, 
Andrzej Małecki1, Kerstin Luedtk1,2, Wacław M. Adamczyk1,2 
1Laboratory of Pain Research, Institute of Physiotherapy and Health Science, 
The Jerzy Kukuczka Academy of Physical Education, Katowice, Poland, 2Institute 
of Health Sciences, Department of Physiotherapy, Pain & Exercise Research 
Lübeck (P.E.R.L), University of Lübeck, Lübeck, Germany, 3Institute of Psychology, 
Jagiellonian University, Cracow, Poland 
*E‑mail: darianowak.n@gmail.com

The ongoing COVID‑19 pandemic brings with it many 
restrictions which also affect the conduct of research. 
The purpose of the study was to replicate spatial sum-
mation of pain (SSp) effect using the adaptation of lab-
oratory procedures using non‑laboratory commercial 
equipment. Cold pressor task was used to induce SSp 
effect by immersing the hand in the cold water (5°C). 
Healthy participants (N=68) immersed their non‑domi-
nant hands (divided into 5 segments) in the cold water. 
Two conditions were used gradual immersion of the 
hand (Ascending) and gradual withdrawal of the hand 
(Descending). Pain intensity was measured on visual 
analogue scale, ranging from 0 (no pain) to 100 (the 
most intense pain imaginable). In the study influence 
of psychological factors such as volunteer’s expecta-
tions of pain intensity on the perception of pain were 
also compared. Results showed significant effect of: the 
factor “area” on perceived pain intensity (χw(4)=116.9, 
p<0.001), thus SSp effect was reproduced, the factor 
“time” of measurement (χw(2)=157.5, p<0.001), indicat-
ing that sensitization enhanced summation. Moreover, 
there were significant correlations between expecta-
tions and experienced pain, which indicate that pain 
expectations predict pain in a SSp paradigm. 

NEURONAL UNDERPINNINGS OF LANGUAGE 
PROCESSING DURING LIPREADING – FMRI STUDY
Tomasz Wolak1*, Jakub Wojciechowski1,2, Hanna Cygan1, 
Marta Zbysińska1,2,3, Jacek Rogala1, Julia Kołakowska1

1Bioimaging Research Center, Institute of Physiology and Pathology  
of Hearing, Kajetany, Poland, 2Nencki Institute of Experimental Biology  
of Polish Academy of Sciences, Warsaw, Poland, 3Medical University  
of Warsaw, Warsaw, Poland 
*E‑mail: t.wolak@ifps.org.pl

Lipreading is an ability that helps understand 
speech in noisy conditions. It can enable people with 
hearing impairment to improve speech perception. 
This ability includes processing of visemes, getting 
to auditory representations and then analyzing lexi-
cal meaning. Studies on correlates of lipreading show 
various areas as relevant to this skill. These differ-
ences may stem from differing cognitive paradigms 
used. Our goal was to investigate aspects of language 
processing during lipreading in a  robust manner. We 
examined 43 right‑handed subjects using lipreading 
task during the fMRI. For the task we used 20s clips of 
actor speaking about various topics. Clips where: with 
sound; without sound; backwards, static face without 
sound. In half of the blocks, full sentences were pre-
sented while in other half only words (nouns). To as-
sess the effects of factors, rmANOVA was conducted. 
The analysis of lexical vs. non‑lexical factor showed 
numerous language‑related regions (e.g., STG, MTG, 
and TP). Words vs. sentences factor yielded two clus-
ters in the left p+mTP as well as pSTG. Results of these 
analyses elucidate similarities and differences in pat-
terns of activity during lipreading. While bulk of our 
results overlaps with regions previously implicat-
ed in literature, we identified additional patterns of 
task‑specific activity. 

Funding: Supported by the National Science Centre, 
Poland (2016/20/W/NZ4/00354).

NEURAL CORRELATES OF  
THE SEMANTIC AND PHONOLOGICAL  
VERBAL FLUENCY TASK
Piotr Górniak*, Agata Wolna, Zofia Wodniecka
Language and Bilingualism Lab, Institute of Psychology,  
Jagiellonian University, Krakow, Poland 
*E‑mail: piotr.gorniak@student.uj.edu.pl

Verbal fluency is a  task widely used in research 
on cognitive control and language processing. It oc-
curs in two versions. In both participants are asked 
to produce as many words as possible pertaining to 
a given semantic category (semantic fluency) or start-
ing with a  given letter (phonological fluency). Typi-
cally, studies on verbal fluency are limited to a small 
number of categories or letters. This study extends 
previous findings by using more cues and it explores 
the brain basis of mechanisms engaged in the verbal 
fluency task. Forty‑one participants performed a  se-
mantic and phonological fluency task during the fMRI 
scanning. On a behavioral level we found that the par-
ticipants produced more words in the semantic flu-
ency task compared to the phonological variant. On 
a neural level, both verbal fluency tasks were linked to 
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significant activations in a network of left‑lateralized 
structures including the middle frontal gyrus, infe-
rior frontal gyrus, paracingulate gyrus, and fusiform 
cortex. These structures were previously shown to be 
important nodes for language processing as well as 
cognitive control. Preliminary analyses also indicate 
differences between semantic and phonological vari-
ants. As such, our study confirms that verbal fluency 
is a  task that engages both language‑related but also 
cognitive control resources.

Funding: This research was possible thanks to the 
grant from National Science Centre awarded to Zofia 
Wodniecka (OPUS 2017/27/B/HS6/00959).

HAPPY JUST NOW OR HAPPY ALWAYS? 
ERP CORRELATES OF STATE AND TRAIT 
ADJECTIVE PROCESSING
Szczepan J. Grzybowski1*, Mirosław Wyczesany2 
1Faculty of Management and Social Communication,  
Neuropsychology and Neurobiology Laboratory, Institute  
of Applied Psychology, Jagiellonian University, Cracow, Poland,  
2Faculty of Philosophy, Psychophysiology Laboratory, Institute  
of Psychology, Jagiellonian University, Cracow, Poland 
*E‑mail: sz.grzybowski@uj.edu.pl

Adjectives denoting affective experiences can be 
grouped into words that describe stable traits (per-
sonality, e.g., “honest”) or transcient states (moods, 
e.g., “tired”) or indeed, both (e.g., “active”). The lat-
ter type of adjectives were the focus of the study, in 
which the semantic context was manipulated in order 
to induce the same adjective’s processing as either 
a  state or a  trait word. The pertinent question was 
what would be the first processing stage, as evidenced 
by the ERPs, to be modulated by differences in mean-
ing encoding related to the affective (state or trait) 
experience. Thirty‑three adjectives were chosen form 
Polish normalised dataset and each completed the 
sentence, which pointed to state or trait interpreta-
tion of the final (target) word. Sixty‑four channel EEG 
system was used for recording. The study found sig-
nificant modulation in P150 time window with larger 
amplitudes of the component in response to the en-
coding of an adjective as a  trait word in comparison 
to the state interpretation. The study pointed then to 
the possibility that the word’s meaning qualified by 
affective context related to specific experience was 
analysed within the first 200  ms after target stimuli 
onset. 

Funding: This work is supported by a  grant from 
the National Science Centre, Poland, 2016/23/D/
HS6/01645.

UNDERSTANDING BRAIN  
REORGANISATION DYNAMICS DURING  
LEARNING TO READ BRAILLE: (DIS)SIMILARITIES 
BETWEEN TACTILE AND VISUAL READING
Maciej Gaca1*, Alicja M. Olszewska1,  
Małgorzata Paplińska2, Agnieszka Kulesza1,  
Dawid Droździel1, Katarzyna Jednoróg3, Jacek Matuszewski1, 
Aleksandra M. Herman1, Artur Marchewka1 
1Laboratory of Brain Imaging, Nencki Institute of Experimental  
Biology of the Polish Academy of Sciences, Warsaw, Poland,  
2Maria Grzegorzewska University, Warsaw, Poland, 3Laboratory  
of Language Neurobiology, Nencki Institute of Experimental Biology  
of the Polish Academy of Sciences, Warsaw, Poland 
*E‑mail: m.gaca@nencki.edu.pl

It is well established that the human brain is subject 
to reorganisation upon learning new skills. Previous 
studies on sighted individuals showed enhanced brain 
activity when reading using touch. After three months 
of tactile Braille reading, it was visible in motor and 
language areas, including the visual word form area 
(VWFA). However, there are still open questions about 
the time‑course of neuroplasticity in the first weeks of 
learning. Seventeen participants (female, aged 19 – 23) 
underwent a  seven‑month tactile Braille course with 
elements of visual Braille. We tested Braille’s letter and 
word reading speed in tactile and visual domains and 
observed a positive trend throughout the course. Lex-
ical Decision Tasks (LDT) in tactile and visual Braille 
were used in fMRI. After just 7  days of learning, we 
observed changes in activation in the reading network 
(including VWFA) in visual LDT but not in tactile LDT, 
which produced VWFA activation only after 6 weeks of 
learning. The results suggest unimodal plasticity pre-
cedes cross‑modal plasticity, while the latter occurs 
quicker than previously thought. We also mapped sim-
ilarities and differences in activation during LDT tasks. 
We observed similarities in regions of the reading net-
work and differences mostly in occipital areas and mo-
tor cortex.

Funding: 2018/30/E/HS6/00206.

THE PREFRONTAL CORTEX UNDERPINNINGS 
OF HOW COGNITIVE LOAD REDUCES DIETARY 
SELF‑CONTROL: AN FMRI EXPERIMENT
Łukasz Tanajewski1*, Jakub Skałbania1,2, Marcin Furtak3, 
Marek Wypych3, Todd A. Hare4

1Department of Economics, Kozminski University, Warsaw, Poland, 
2Interdisciplinary Doctoral School, University of Warsaw, Warsaw, Poland, 
3Laboratory of Brain Imaging, Nencki Institute of Experimental Biology, Polish 
Academy of Sciences, Warsaw, Poland, 4Zurich Center for Neuroeconomics, 
Department of Economics, University of Zurich, Zurich, Switzerland 
*E‑mail: ltanajewski@kozminski.edu.pl
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Previous experiments have shown poorer dietary 
self‑control under cognitive load. Neuroimaging stud-
ies on food‑related decision making revealed increased 
activity in dorsolateral prefrontal cortex (dlPFC) in 
dietary self‑control, the integration of health and 
taste values in ventromedial prefrontal cortex (vmP-
FC), and the dlPFC support for health values incorpo-
ration in the vmPFC value signals. We expected that 
increased cognitive load during food choices reduces 
both choice‑related dlPFC activity and the link between 
health value and vmPFC activity, resulting in impaired 
dietary self‑control. Thirty‑six participants rated the 
healthiness and tastiness of foods. In the fMRI scanner 
they made 90 food choices, including 60 self‑control 
challenges (healthier versus tastier foods). Choices were 
made twice: after memorizing seven‑digit and one‑dig-
it numbers (cognitive load manipulation). Choice‑re-
lated brain activity was analyzed while controlling for 
load‑specific activity. dlPFC activity was lower in high 
compared to low load across all decisions, irrespective 
of self‑control challenge. The choice healthiness (cho-
sen – unchosen foods rating) correlation with vmPFC 
activity was weaker under high load. Increased cogni-
tive load might reduce self‑control by shifting dlPFC 
resources from choice‑related to load‑specific activi-
ties. We found no behavioral effect of memory load on 
self‑control in food choice, possibly due to noisier de-
cisions under load (our ongoing analyses).

Funding: The study was supported by the Polish Na-
tional Science Center Grant ‘Cognitive resources and 
self‑control of impulses: a  neuroeconomic approach’ 
(No. 2017/26/D/HS6/01157), Principal Investigator: 
Łukasz Tanajewski.

WOMEN’S BUT NOT MEN’S ABILITY TO IDENTIFY 
THE TWO‑DIMENSIONAL CROSS SECTION OF 
A 3D OBJECTS IS RELATED TO SOCIAL AND 
EMOTIONAL FACTORS
R. Gaižauskaitė*, I. Zelionkaitė, M. Brokevičiūtė, R. Grikšienė  
Department of Neurobiology and Biophysics, Vilnius University, Vilnius, Lithuania 
*E‑mail: rimante.gaizauskaite@gmc.vu.lt

Sex and sex hormones influence spatial abilities. 
However, the effect of hormonal contraceptives is un-
derinvestigated. Spatial cognition is also influenced by 
socio‑cultural factors and individual differences. We 
aimed to evaluate the influence of biological, non‑bi-
ological factors and interaction between them on spa-
tial abilities assessed using Cross Section Task (CST). 33 
men and 117 women participated in the study. Women 
were divided into: oral contraceptives users (OC, n=26), 
intrauterine device users (IUD, n=31), naturally cycling 
women in follicular phase (NCF, n=35) and in mid‑luteal 

phase (NCL, n=25). Participants performed paper‑pen-
cil CST and completed questionnaires assessing de-
mographic information, masculinity and femininity, 
fatigue, emotional arousal, etc. Men outperformed NC 
women and OC, but not IUD users. Multiple regression 
analysis was performed to predict performance based 
on demographic, hormonal status, masculinity, femi-
ninity score, and emotional arousal for women and men 
separately. Interestingly, the regression models revealed 
significant predictors for women, but not men. Wom-
en’s performance was negatively related to emotional 
arousal, but positively to occupation in STEM field and 
masculinity score. Overall, study results suggest that 
men, regardless of individual characteristics, perform 
CST task better than women. Whereas different biologi-
cal and social factors affect women’s performance. 

TRACING THE BRAIN REWARD SYSTEM’S 
RESPONSE TO “WITTY DESIGN”
Halszka Ogińska1*, Aleksandra Domagalik‑Pittner2, 
Katarzyna Ogińska‑Bruchal3
1Department of Cognitive Neuroscience and Neuroergonomics, Institute of 
Applied Psychology, Jagiellonian University, Cracow, Poland, 2The Neuroimaging 
Research Group, Malopolska Centre of Biotechnology, Jagiellonian University, 
Cracow, Poland, 3Lekta Tech, Cracow, Poland  
*E‑mail: halszka.oginska@uj.edu.pl

Witty design has been described by graphic de-
sign theorists as ‘a smile in the mind’. In general, this 
means an intelligent and attractive idea embodied in 
graphics, but one can discover the same qualities in 
industrial design, architecture and even street art. At 
the subjective level, we love witty design because it 
appeals to intelligence and sense of community with 
the author. Considering cognitive process theories, 
one may assume links with the balance of familiari-
ty‑surprise, humour, aesthetics, closure, and ’the joy 
of communication’. An exciting research challenge is 
to explore the neural basis of such an intellectual plea-
sure, hypothesising activations typical for aesthetic 
experience, amusement or surprise. In a  preliminary 
investigation we used 40 examples of good and poor 
logos and 40 various expressions of street art (main-
ly graffiti). Six young, healthy volunteers assessed 
how much did they like pictures on a  5‑point scale, 
during MRI registration. Seventeen neural networks 
were identified with ICA. Apart of quite obvious ac-
tivations in visual and motor networks, the DMN and 
DAN interplay was visible. Differences of time cours-
es for pleasant and neutral stimuli were observed in 
mPFC, anterior insula and caudate nucleus. Both types 
of ‘intelligent’ stimuli (logos, street art) activated the 
same regions.
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Funding: This research was supported by the grant 
from the Polish National Science Centre Nr 2018/29/B/
HS6/01934.

THE SAME OR NOT THE SAME? 
ELECTROPHYSIOLOGICAL MARKERS OF EXTERNAL 
AND INTERNAL SPATIAL ATTENTION IN SIMPLE 
TWO‑ELEMENT DISPLAYS
Marta Bartoszek1,2*, Bartłomiej Panek1,2, Ivania Jahangier3, 
Dariusz Asanowicz1, Rob van der Lubbe2,3 
1Institute of Psychology, Jagiellonian University, Cracow, Poland, 2Faculty of 
Physics, Adam Mickiewicz University, Poznan, Poland, 3Faculty of Behavior, 
Management and Social Sciences, University of Twente, The Netherlands 
*E‑mail: marta.bartoszek2525@gmail.com

External spatial attention refers to the selection of 
currently present information in the environment while 
internal spatial attention refers to the selection of stored 
information that may be held active in short‑term mem-
ory. An important question is whether these two types 
of selection involve the same neural mechanisms. Ear-
lier studies with multi‑element displays support this 
view, but no study was yet able to show support with 
simple two‑element displays, probably because of alter-
natively employed task strategies. An EEG experiment 
was carried out with a  modified version of a  cued spa-
tial selection task. Two out of four possible shapes were 
presented simultaneously in the left and right visual 
fields. A color cue indicated which shape was the target. 
Participants had to indicate the identity of the target 
by a  manual choice response. The cue appeared either 
before or several  seconds after shape onset (i.e., a pre‑ 
or a post‑cue), which implies either external or internal 
selection. Time‑frequency analyses revealed that the act 
of selecting relevant information was associated with 
a contralateral reduction of alpha power over visual ar-
eas in both cue conditions. These results provide further 
support for the view that internal and external selection 
involve the same neural mechanism.

3D MENTAL ROTATION: LINKS BETWEEN 
TASK PERFORMANCE, EYE MOVEMENTS 
AND SEX HORMONES
Erik Ilkevic*, J. Briazkalaite, R. Gaizauskaitė, I. Zelionkaite, 
R. Griksiene
Department of Neurobiology and Biophysics, Vilnius University, Vilnius, Lithuania 
*E‑mail: erik.ilkevic@gmc.stud.vu.lt

It is observed that mental rotation tasks are per-
formed better by men than women and that the per-
formance of such tasks is related to sex hormones. 
Additional information regarding cognitive processes 

during mental rotation and their relationship with sex 
and/or the status of sex hormones could be gathered 
using eye‑tracking. The aim of this study was to eval-
uate the parameters of eye movements during mental 
rotation task and their links with task performance, 
sex, and sex hormones.

The performance of 89 participants (33 men, 33 nat-
urally cycling women, and 23 hormonal contraceptives 
users) was evaluated while their eye movements were 
tracked using EyeLink 1000. Saliva testosterone and pro-
gesterone concentrations were measured to estimate 
links between sex hormones and task performance or 
parameters of eye movements. The mental rotation task 
was performed better by men than naturally cycling 
women. To decide if two simultaneously visible objects 
are identical, all participants, regardless the group, 
made mental manipulations while looking at the rotat-
ed object. For men, testosterone positively correlated 
to the total duration of fixations at the first observed 
figure before looking to another one. Progesterone was 
related to faster responses in naturally cycling women 
and to higher accuracy in oral contraceptives users.

HOW EMOTION INFLUENCES MEMORY 
OF EVENTS IN SPACE AND TIME?
Monika Riegel1,2*, Patrik Vuilleumier2, Ulrike Rimmele1

1Centre interfacultaire de gérontologie et d’études des vulnérabilités / Emotion 
and Memory Lab, University of Geneva, Switzerland, 2Centre Interfacultaire 
en Sciences Affectives / Laboratory of Neurology and Imaging of Cognition, 
University of Geneva, Switzerland 
*E‑mail: monika.riegel@unige.ch

Our daily lives consist of a  continuous stream of 
experience, yet our memories of past experiences are 
organized into distinct events, like chapters in a book. 
Given that we cannot remember everything we experi-
ence, we need our memory system to flexibly determine 
which events will be stored for future use. In particular, 
remembering events that are emotional is critical to 
our survival. Indeed, our memories of such events are 
particularly strong, vivid, and later remembered with 
high confidence. However, existing evidence is less ho-
mogenous when it comes to memory for their context, 
such as the where and when an event happened. Here, 
we addressed these critical gaps using an innovative 
approach, by combining behavioral and physiological 
measures with a novel memory paradigm in virtual re-
ality (VR). This approach allowed us to investigate how 
emotion affect our ability to segment experience into 
events, based on the shared or distinct context in space 
and time. Our participants better remembered tempo-
ral order of objects coming from the same vs. different 
events. However, this ‘event segmentation’ effect dif-
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fered between emotional or neutral events. The pres-
ent results suggest that emotion affects the way we or-
ganize our memories of events in space and time.

Funding: MR was supported by Polish Ministry of 
Science and Higher Education (Mobility Plus 1625/
MOB/V/2017/0) and Polish National Agency for Aca-
demic Exchange (PPN/BEK/2020/1/00459).

AN ERP STUDY OF VISUAL WORKING MEMORY: 
NO INFLUENCE OF SEX, SEX HORMONES AND 
HORMONAL CONTRACEPTIVES
Lina Gladutyte*, R. Gaizauskaite, I. Zelionkaite, R. Griksiene
Department of Neurobiology and Biophysics, Life Sciences Center, 
Vilnius University, Vilnius, Lithuania 
*E‑mail: lina.gladutyte@gmc.stud.vu.lt

Despite accumulating evidence of the influence of 
sex hormones on cognitive function, research on the 
effect of sex hormones on visual working memory 
(VWM) is controversial and limited. This study aimed 
to investigate the influence of sex and female hormonal 
status (phase of menstrual cycle, use of hormonal con-
traceptives) on VWM performance and electrophysio-
logical measures. Men (n=30), naturally cycling women 
in the follicular phase (n=30) and luteal phase (n=36), 
and hormonal contraceptives users (n=34) performed 
a bilateral VWM change detection task while their ERPs 
were recorded. The effects of group and experimental 
conditions on behavioral (response time, performance 
and capacity) and electrophysiological (contralateral 
delay activity (CDA)) measures were assessed. Behav-
ioral measures of VWM and average CDA amplitude did 
not differ significantly between groups and did not cor-
relate with sex hormone (estradiol, progesterone, and 
testosterone) levels. The results suggest that VWM is 
not influenced by sex and sex hormones, women‘s men-
strual cycle phase, or use of hormonal contraceptives. 

DIFFERENT MOTOR CONTROL INVOLVEMENT IN 
PERSEVERATION AND LEARNED IRRELEVANCE
Aleksandra Fijałkiewicz1*, Patryk Guzda1, Kamila Śmigasiewicz2, 
Aleksandra Różańska1, Weronika Król1, Aleksandra Gruszka1

1Institute of Psychology, Jagiellonian University, Cracow, Poland, 2Laboratoire 
de Neurosciences Cognitives Pole, Aix‑Marseille Université, Marseille, France 
*E‑mail: aleksandra.fijalkiewicz@uj.edu.pl

In visual discrimination learning, reward contingen-
cy changes in categorisation tasks affect individual per-
formance, which is tied to costs of attention shifting. 
Two recently described mechanisms of perseveration 
(PE) and learned irrelevance (LI) underlie this phenom-
enon. A  newly developed LI/PE task was performed in 

young, healthy adults to understand temporal dynam-
ics of motor control through combination with EMG 
recording. The task perfectly differentiated LI and PE 
conditions. RTs were significantly longer, and error rate 
was higher in PE, as compared with LI. Both set‑shift-
ing conditions differed from the control condition in 
longer RTs and decreased accuracy. EMG recording re-
vealed an increased number of subliminal erroneous 
response activations in both attentional set‑shifting 
conditions when comparing with the control condition; 
the efficiency of inhibiting these subliminal erroneous 
response activations was decreased in PE as compared 
with the LI condition, and similarly for both attention-
al set‑shifting conditions as compared with the control 
condition, and there was the increased duration of pre-
motor times (intervals between stimulus onset and re-
lated muscular response) in both attentional set‑shift-
ing conditions compared to the control. These results 
suggest that motor control processes differ across PE 
and LI conditions. 

Funding: The research has been supported by a grant 
from the Priority Research Area (name of the PRA) un-
der the Strategic Programme Excellence Initiative at 
the Jagiellonian University.

INTRAVOXEL INCOHERENT MOTION 
EXPERIMENT PLANNING
Kamil Lipiński*, Piotr Bogorodzki
Warsaw University of Technology, Warsaw, Poland 
*E‑mail: kamil.lipinski.dokt@pw.edu.pl

Intravoxel incoherent motion (IVIM) is a  specif-
ic application of diffusion‑weighted imaging (DWI) in 
magnetic resonance imaging (MRI). The IVIM concept 
has been proposed to estimate perfusion in tissues, as 
blood flow is similar to a pseudo‑diffusion process. De-
spite IVIM popularity, there is no easily accessible soft-
ware allowing IVIM parameters calculation and anal-
ysis, nor is there a  unique golden standard proposed 
for performing IVIM experiments, especially in low 
perfused tissues such as brain. In this work, a  toolbox 
allowing IVIM‑MRI parameters calculation (using three 
basic methods: using trust‑region single step fitting, 
trust‑region segmented fitting, and segmented grid 
search), visualization, and synthetic signal generation, 
is presented. The app was realized in MATLAB envi-
ronment using AppDesigner for user‑friendly GUI and 
Curve Fitting Tool functionalities for the fitting algo-
rithm. An experiment, parameters calculation of syn-
thetically generated IVIM data derived from different 
b‑values and various SNR levels, was performed and re-
sults described. Example in vivo dataset was segmented 
according to AAL and IVIM parameters were calculated.
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UNLOCKING THE MUSICAL BRAIN: 
AN ECOLOGICAL APPROACH TO PLAYING 
THE PIANO IN AN MRI SCANNER
Alicja M. Olszewska1*, Dawid Droździel1, Maciej Gaca1, 
Agnieszka Kulesza1, Wojciech Obrębski2,3, Jakub Kowalewski3, 
Agnieszka Widlarz4, Artur Marchewka1, Aleksandra M. Herman1

1Laboratory of Brain Imaging, Nencki Institute of Experimental Biology of the 
Polish Academy of Sciences, Warsaw, Poland, 2Department of Nuclear and Medical 
Electronics, Faculty of Electronics and Information Technology, Warsaw University 
of Technology, Warsaw, Poland, 3http://smit‑lab.eu/pl/, 4Chair of Rhythmics 
and Piano Improvisation, Department of Choir Conducting and Singing, Music 
Education and Rhythmics, The Chopin University of Music, Warsaw, Poland 
*E‑mail: a.olszewska@nencki.edu.pl

The piano is a  popular instrument in musical prac-
tice, but only a few MRI studies investigate the neuronal 
mechanisms underlying playing it. MRI‑compatible piano 
requires adaptations for size and materials used. More-
over, study designs often sacrifice ecological validity for 
experimental controllabillity. We present open‑source, 
proof‑of‑concept experimental fMRI paradigms used for 
the validation of our original, highly ecological, MRI‑com-
patible keyboard. Twenty pianists (female, 19‑26 yo) first 
listened to familiar naturalistic polyphonic musical stim-
uli, and then replayed them. Neuroimaging data were 
preprocessed with fMRIPrep and statistically analysed in 
SPM12. We directly compared listen and playback con-
ditions using one‑sample t‑tests and cluster‑correction. 
Neuroimaging data analyses revealed stronger bilateral 
activation related to listening in precuneus, superior and 
middle temporal gyri, medial frontal cortex, angular and 
supramarginal gyri, hippocampus, thalamus, putamen, 
caudate nuclei, supplementary motor cortex, middle 
frontal gyrus and cerebellum. In the literature, these re-
gions are associated with musical processing, memory 
and familiarity, and motor planning. In contrast, play-
back evoked stronger responses in the left sensorimotor 
area, right cerebellum and bilateral operculum, which 
are involved in motor control and performance monitor-
ing. We show that naturalistic, ecological MRI study on 
piano playing is feasible and provide off‑the‑shelf solu-
tions to facilitate open and replicable science.

Funding: This study was supported by the Nation-
al Science Centre (Narodowe Centrum Nauki) grant 
number 2018/30/E/HS6/00206. AH is supported by the 
Foundation for Polish Science (FNP).

EFFECT OF MUSICAL TRAINING ON RHYTHM 
PERCEPTION – FMRI ANALYSIS
Marta Zbysińska1,2*, Agnieszka Dębska1

1Laboratory of Language Neurobiology, Nencki Institute of Experimental 
Biology, Warsaw, Poland, 2Department of Psychology, University of Warsaw, 
Warsaw, Poland 
*E‑mail: m.zbysinska@student.uw.edu.pl

Previous research shows that musicians, with years 
of musical expertise, may have a different neural pat-
tern of rhythm perception than non-musicians. We 
tried to answer if this can be also observed in chil-
dren following shorter musical training. 26 children 
with previous musical training lasting a minimum of 
2 months and 26 children without this experience lis-
tened to pairs of rhythmic patterns in an fMRI scanner 
and had to decide if the two rhythms are the same or 
different. Groups did not differ in task accuracy. Even 
though we didn’t find an effect of short-term musical 
training on the neural pattern of rhythm perception, 
we observed a tendency in contrast between listening 
to the pairs of the same and different rhythms. Chil-
dren after musical training showed increased activa-
tion in left postcentral gyrus / superior parietal gyrus 
(vox. = 574) and left paracentral lobule / supplementa-
ry motor area (vox. = 500) compared to control group 
(p &lt; 0.005 (unc.)). It can come from an attempt to 
repeat the rhythm pattern while listening to the same 
rhythms by children after musical training. Overall, 
the results didn’t prove that differences in the neural 
pattern of rhythm perception can be observed even in 
children following short musical training.

Funded by National Science Centre, Poland, grant 
2014/14/A/HS6/00294.

CAFFEINE – EFFECT ON SHORT‑TERM  
MEMORY AND CONCENTRATION
Brandon Bujak1*, Małgorzata Dostatni2 
1Faculty of Biology, Institute of Zoology and Biomedical Research  
of Jagiellonian University, Cracow, Poland, 2Faculty of Biology,  
University of Gdansk, Gdansk, Poland,  
*E‑mail: brandon.bujak@student.uj.edu.pl

Caffeine is the most popular central nervous system 
stimulant in the world. The aim of the study was to test 
its effect on short‑term memory and concentration. 
The experiment involved 30 volunteers aged 20 to 45 
who underwent a Rey test after consuming a drink with 
or without caffeine. The test consists in remembering 
fifteen words from a previously prepared list, and then 
repeating them after thirty min. The allocation to the 
research group – with caffeine or the control group 
– without caffeine was determined by the results of 
a previously conducted survey, which took into account 
the phenomenon of pharmacological tolerance. The re-
sults obtained after conducting the study confirm our 
thesis on the influence of caffeine on working memo-
ry and concentration. It turns out that people exposed 
to caffeine obtained much higher results in Rey’s test 
compared to people who were not exposed to the ef-
fects of caffeine.
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CORTICAL SOURCES OF ELECTRICAL ACTIVITY, 
RELATED TO THE CESSATION OF A PREPARED  
MOTOR REACTION IN HUMANS
Olha Korzhyk, Alevtyna Morenko
Department of Human and Animal Physiology, Lesya Ukrainka  
Volyn National University, Lutsk, Ukraine

Active inhibition is responsible, to a significant ex-
tent, for the voluntary cessation of the prepared motor 
phenomenon in humans. To study such inhibition the 
Stop-Signal paradigm is frequently used.

This work aims to detect the cortical sources of lo-
calization of event-related potentials while inhibition 
of an initiated motor program. 

A total of 35 men and 40 women, healthy, and 
right-handed, participated in the study. According to 
the Stop-Signal task paradigm, each participant when 
receiving the presented Stop signal, stopped the initi-
ated reaction to the Go stimulus. EEG recordings were 
analyzed in the frontal, central, and parietal lobes of 
the cortex. Data was processed with the method of 
low-resolution electromagnetic tomography – LORETA 
(the sLORETA software). 

The cortical sources of the event-related potentials 
under the experimental conditions were consistently lo-
calized in the posterior cingulate cortex (Brodmann area 
30) and the middle frontal gyrus (Brodmann area 6) main-
ly in the right hemisphere in women, whereas in men – 
in the left hemisphere superior (Brodmann area 38) and 
middle (Brodmann area 21) temporal gyri, respectively.

POSTER SESSION 3

NEUROLIGIN‑2 IS CRUCIAL FOR LONG‑TERM 
PLASTICITY OF GABAERGIC SYNAPSES
Anna M Lech1,2,3*, Jerzy W Mozrzymas1, Grzegorz Wiera1

1Department of Biophysics and Neuroscience, Wroclaw  
Medical University, Wroclaw, Poland, 2Department of Molecular  
Physiology and Neurobiology, University of Wroclaw, Wroclaw,  
Poland, 3Biology of Astrocytes Group, Łukasiewicz Research Network  
– PORT Polish Center For Technology Development, Wroclaw, Poland 
*E‑mail: anna.lech@port.lukasiewicz.gov.pl

Only recently, researchers have begun to explore 
complex molecular mechanisms of long‑term plasticity 
at inhibitory GABAergic synapses. Although, an exten-
sive analysis has been carried out, very little is known 
about the involvement of adhesion proteins and the 
input specificity of GABAergic plasticity. Therefore, 
this study aimed to investigate the role of trans‑syn-
aptic interaction between neurexin and neuroligin‑2 
in inhibitory synaptic plasticity at different GABAergic 

synapses in CA1 hippocampus. We recorded mIPSCs or 
optogenetically evoked PV‑IPSC, and SST‑IPSC in CA1 
pyramidal neurons and induced iLTP using a short‑term 
application of NMDA. Additionally, we used neurolide‑2, 
a peptide that blocks the interaction between neuroli-
gin‑2 and neurexins. We showed that bath application 
of neurolide‑2 abolished NMDA‑iLTP of mIPSC (ctrl: 
118±5%, neurolide‑2: 92±2%; p<0.001). Furthermore, the 
interaction between neuroligin‑2 and neurexin shapes 
iLTP only during the early phase of plasticity induc-
tion. Moreover, interference in the adhesion of neurex-
in‑neuroligin‑2 during iLTP blocked also the increase 
in the area of synaptic gephyrin clusters and decreased 
synaptic clusters of neuroligin‑2. Interestingly, neuroli-
gin‑2 controls both SST‑iLTP (ctrl: 115±9%, neurolide‑2: 
89±7%; p<0.05) and PV‑iLTD (ctrl: 88±4%, neurolide‑2: 
106±8%; p<0.05). Taken together, these results char-
acterize neuroligin‑2 as a  crucial facilitator of plastic 
changes at different GABAergic synapses.

Funding: NCN grant 2017/26/D/NZ4/00450.

HABITUATION FOR ANNTENAL STIMULATION 
OF MADAGASCAR HISSING COCKROACH
Filip Kozal1,2*, Bartosz Baran1, Jacek Francikowski1, 
Witold Marzęda2

1University of Silesia in Katowice, Faculty of Natural Sciences, Institute  
of Biology, Biotechnology and Environmental Protection, Katowice, Poland, 
2University of Silesia in Katowice, Faculty of Humanities, Institute of Philosophy, 
Katowice, Poland 
*E‑mail: filip.kozal@wp.pl

Neural stimulation can be employed to create cy-
borg insects. Their locomotion could be modified by 
applying a specific electrical stimulus. Several species 
from Blattodea order (cockraoches) possess enough 
strength to carry an electric circuit while retaining 
relatively small size allowing them to enter places in-
accessible to humans. Therefore, their use can be ben-
eficial for many tasks. For example, in rescue opera-
tions during natural disasters. They could collect data 
on victims trapped under the rubble. Simultaneously 
their usage is more cost‑effective than the production 
of small robots. However, one of the many challenges in 
constructing such biobots is the habituation to driving 
stimuli after a  relatively short period. The presented 
poster describes research conducted on Madagascar 
hissing cockroaches (Gromphadorina portentosa) on ha-
bituation to electric stimuli. In the study, the 500  ms 
square wave pulses with a 1 V amplitude and a frequen-
cy of 55  Hz in applied cyclically every three  seconds 
were used. The  pulses were delivered to exposed an-
tennal nerves by a  custom‑built stimulator developed 
using the Arduino platform. Responses indicated by 
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changes in the direction of locomotion in an arena were 
recorded and the insects’ movements were tracked us-
ing the DeepLabCut markerless tracking framework 
and analyzed in R using trajr package.

TRAIT DIFFERENCES IN SENSITIVITY TO 
NF ARE ASSOCIATED WITH EXPRESSION 
OF GENES RELATED TO SEROTONERGIC 
NEUROTRANSMISSION 
Paulina Surowka1*, Irena Smaga2, Karolina Noworyta1, 
Malgorzata Filip2, Rafal Rygula1  
1Maj Institute of Pharmacology Polish Academy of Sciences, Affective  
Cognitive Neuroscience Laboratory, Krakow, Poland, 2Maj Institute of 
Pharmacology Polish Academy of Sciences, Department of Drug Addiction 
Pharmacology, Krakow, Poland  
*E‑mail: paulina.surowka6324@gmail.com 

Aberrant sensitivity to negative feedback (NF) has 
been proposed to be an important factor in the devel-
opment and maintenance of depression. Because both; 
sensitivity to feedback and depressive disorder are as-
sociated with changes in serotonergic neurotransmis-
sion, the present study was devoted to the investigation 
of differences in the expression of genes associated with 
this neurotransmitter, between rats displaying trait 
sensitivity/insensitivity to NF (NFS/NFI respectively). 

The rats were tested in a series of 10 probabilistic 
reversal learning tests, which allowed us to classify 
each animal as trait NFS or NFI. Subsequently, using 
RT‑qPCR, we evaluated the differences in the mRNA 
level of genes encoding serotonin receptors in the 
dorsal (dHip) and ventral hippocampus (vHip) be-
tween the rats displaying NFS and NFI traits. The re-
sults were further validated, at the protein level, using 
ELISA. 

Trait NFS was associated with a  higher Htr2a ex-
pression in the vHip, and a  lower Htr7 expression in 
the dHip as compared to NFI.  

Trait differences in sensitivity to NF are associated 
with expression of genes related to serotonergic neu-
rotransmission.

Funding: Supported by the National Science Cen-
tre (UMO‑2016/23/B/NZ4/01562) and by the statutory 
funds of the Maj Institute of Pharmacology PAS.

EFFECTS OF PRAZOSIN AND PROPRANOLOL  
ON THE SURFACE CHARGE AND ENZYME  
ACTIVITY OF RAT BRAIN DURING DIFFERENT 
STAGES OF SLEEP
Sukrat Sinha* 
Department of Zoology, Nehru Gram Bharati University, Prayagraj, India 
*E‑mail: specialisedresearch463@gmail.com

Sleep and wakefulness are behavioral and physio-
logical activities. Sleep has been defined as a  revers-
ible behavioral state of perceptual disengagement 
from and unresponsiveness to the environment. It is 
modified form of the basic rest activity cycle. We have 
studied the effect of Norepinepherine, Serotonin (5HT) 
individually, in combination and in presence of recep-
tor antagonists Prazosin and Propranolol in different 
permutations and combinations on the surface charge 
and enzyme activity of rat brain synaptosome using 
biochemical tests, microelectrophoresis and precision 
light scattering techniques. It was found that Norepi-
nepherine increases enzyme activity. It was also vali-
dated that NE induced increase is blocked by prazosin 
which is a  α‑1 adrenoceptor blocker antagonist but 
propranolol which is a β adrenoceptor blocker antag-
onist cannot block it. There is a  marginal but signifi-
cant increase in enzyme activity. Propranolol seems to 
block 5HT mediated increase in enzyme activity. When 
both NE and 5HT are given in combination an increase 
in enzyme activity has been found which is equal to 
the sum of the two given separately. Both Prazosin and 
Propranolol could decrease the basal values of the en-
zyme which could be due to some mechanism involv-
ing endogenous NE and 5HT present in the sample or 
by other mechanism leading to nonspecific binding 
and decrease of ATPase activity. The results seem to 
assume significance of surface charge and enzyme 
activity in response to the REM and non REM stages 
of sleep. Many sleep disorders could be addressed by 
studying the significance of NE and 5HT with blockers.

THE ROLE OF THE HIPPOCAMPUS  
IN SENSORY PRECONDITIONING TASK  
IN A MOUSE MODEL
Júlia Pinho*, Carla Ramon‑Duaso, Arnau Busquets‑Garcia
IMIM‑Hospital del Mar Medical Research Institute PRBB, Barcelona, Spain 
*E‑mail: jpinnho@imim.es

Our daily choices are often triggered by stimuli 
that have not been explicitly associated with a rein-
forcer. This process is called higher‑order condition-
ing (also known as mediated learning) and can be as-
sessed by sensory preconditioning. This task involves 
repeated simultaneous presentations of two low‑sa-
lience stimuli (e.g., light and tone) and a devaluation 
phase where one of these stimuli is paired with an 
unconditioned stimulus (e.g., foot‑shock). The result 
is a  conditioned response (e.g., freezing response) 
to both the conditioned (direct) and the non‑con-
ditioned (mediated) stimuli. In our study, male and 
female mice underwent a  protocol of sensory pre-
conditioning. During preconditioning, mice were ex-
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posed to simultaneous presentation of light and tone. 
In conditioning, the light was devaluated by pairing 
a  mild foot‑shock. Finally, the animals performed 
two tests where mice were exposed to tone (mediat-
ed) and light (direct) in a  different context to avoid 
fear elicited by the context. Our results indicated that 
female mice exhibited a  higher percentage of freez-
ing in the presence of mediated cue than males. Im-
portantly, we also uncovered that light‑tone sensory 
preconditioning could be a  hippocampal‑dependent 
task. Overall, we implemented a  new mouse sensory 
preconditioning protocol, we suggest that it is hippo-
campal‑dependent and, we observed a sex‑dependent 
behavioral effect.

Funding: This project has received funding from 
the European Research Council (ERC) under the Euro-
pean Union’s Horizon 2020 research and innovation 
program (grant agreement No 948217).

SPATIAL PHARMACOTRANSCRIPTOMICS: 
THE EFFECTS OF ANTIPSYCHOTIC DRUGS ON 
GENE EXPRESSION IN THE MOUSE FOREBRAIN
Magdalena Ziemiańska*, Anna Radlicka, Sławomir Gołda, 
Mateusz Zięba, Marcin Piechota, Łukasz Szumiec, 
Jan Rodriguez Parkitna
Department of Molecular Neuropharmacology, Maj Institute of Pharmacology, 
Polish Academy of Sciences, Krakow, Poland 
*E‑mail: mziemian@if‑pan.krakow.pl

Psychotropic drugs induce complex patterns of cell‑ 
type specific gene expression, which enable long‑term 
effects on neuronal activity. We hypothesized that the 
discrete patterns of gene expression correlate with 
the efficacy and adverse effects of the treatment, and 
thus that drug‑induced transcription could be used as 
a predictor of the properties of novel drug candidates. 
10xGenomics Visium Spatial Gene Expression tech-
nique was applied to comprehensively map changes in 
gene expression induced by a single administration of 
clozapine (0.5 mg/kg) or risperidone (0.5 mg/kg) in the 
prefrontal cortex and striatum of C57BL/6 mice. Us-
ing the Visium system we have performed RNAseq on 
coronal brain sections. The alignment of reads to the 
reference genome mm10 (GRCm38; „2020‑A”) was per-
formed using a  custom analysis method that assessed 
read distribution and assigned reads to genes based on 
sequence proximity. So far we find that unsupervised 
clustering of the sequencing results correctly recapit-
ulates known neuroanatomical features in the region 
and find expected drug‑induced changes. Further work 
is aimed at identifying statistically significant spatial 
differences in drug‑induced gene expression with spa-
tial resolution.

Funding: NCN OPUS UMO‑2020/39/B/NZ7/01494.

EVALUATION OF THE NEUROCOGNITIVE EFFECTS 
OF KETAMINE IN AN ANIMAL MODEL OF 
DEPRESSIVE DISORDER
Adejoke Elizabeth Memudu1*, Mirma E. Sarki‑Goje2 
1Department of Anatomy, Behavioural and Cognitive Neuroscience Unit, Faculty 
of Basic Medical Sciences, Edo State University, Uzairue, Nigeria, 2Department of 
Anatomy, Faculty of Basic Medical Sciences, Bingham University, Karu,  
Nasarawa State Nigeria 
*E‑mail: jokememudu@gmail.com; adejoke.elizabeth@edouniversity.edu.ng

Depression is a  mental disorder of global concern 
and it is caused due to psychological stress. Ketamine 
is an N‑Methyl D‑Aspartate (NMDA) receptor antago-
nist, reviewed to have potential as a  neurocognitive 
drug. This study is aimed to assess the antidepressant 
potential of ketamine by evaluating neuro‑behavioral 
changes relative to neurocognition. The forced swim 
test (FST) induced model of depression was adopted. 
20  mg/kg (IV) ketamine and 20  mg/kg oral fluoxetine 
were given. Thirty adult Wistar rats used were divid-
ed into six groups (n=5): A= Control, B= FST, C= ket-
amine, D= fluoxetine, E= FST + ketamine and F= FST + 
fluoxetine. The excised brain tissues were fixed in 4% 
paraformaldehyde, and prefrontal‑cerebellar cortices 
were processed and stained. The treatment was for 
three  days. Statistical significance was set at (p<0.05) 
using the Tukey post‑hoc test. Ketamine‑treated FST 
group had a significantly improved anhedonia, reduced 
immobility time, and improved motor function when 
compared to the FST group at p<0.05. The neuropathol-
ogy of the prefrontal‑cerebellar cortex of the FST group 
was characterized by neurodegeneration, proliferation 
of reactive astrocytes, and decline in synaptophysin 
expression which was averted by ketamine treatment 
shown by a decline in reactive astrocytes and improved 
synaptophysin expression that results in the improved 
anhedonia and decline in immobility time. Ketamine 
can be a neurocognitive drug acting on the neuron‑as-
trocyte to reverse neuroinflammation and increased 
synaptogenesis in the prefrontal‑cerebellar cortex. 

INVESTIGATION OF THE MOLECULAR MECHANISM 
OF ANTIDEPRESSANT‑LIKE ACTION OF KETAMINE 
AND 5‑HT6 RECEPTOR AGONIST (ST1936) IN MALE 
RAT CEREBELLUM
Bartosz Babik*, Alicja Radzimska, Aleksandra Smoleń, 
Wiktoria Sajdok, Małgorzata Wolak, Agata Siwek
Department of Pharmacobiology, Faculty of Pharmacy, Jagiellonian University 
Medical College, Cracow, Poland 
*E‑mail: bartosz.babik@student.uj.edu.pl



LXXXVI 12th Neuronus 2022 Neuroscience Forum Acta Neurobiol Exp 2022, 82: I–CIV

Depression presents several limitations in current 
treatment. Scientists investigate the mechanisms of ac-
tion of antidepressants and search for new, more potent 
drugs. Neuroimaging techniques indicate that the cere-
bellum plays a  role in depression pathophysiology. The 
cerebellum is not only involved in motor functions but 
also in plasticity. It alludes to emotional‑cognitive difficul-
ties with the cerebellar cognitive affective syndrome. Our 
previous studies showed that ST1936, the 5‑HT6 receptor 
agonist, and ketamine were active in the negative version 
of the affective bias test (ABT). Moreover, behavioral ef-
fects were accompanied by molecular changes in the hip-
pocampus and mPFC. In this study, we aimed to evaluate 
the molecular antidepressant‑like activity of ST1936 and 
ketamine in the rat cerebellum concerning the changes 
observed in ABT. The ST1936 and ketamine effects on AKT, 
mTOR and ERK1/2 phosphorylation have been examined 
ex vivo with AlphaLISA SureFire technique. We observed 
a decreased level of p‑ERK1/2 in the rat cerebellum after 
a  single ST1936 but not ketamine administration. In the 
cerebellum of rats, neither ST1936 nor ketamine influ-
enced phosphorylation of AKT and mTOR.

Decreased phosphorylation of ERK1/2 in rat cere-
bellum might be related to the mechanism of the anti-
depressant‑like action of ST1936.

Funding: The project was financially supported by stu-
dents grant no F6 from STN UJ CM (2021/22) and National 
Science Center, Poland – grant no 2018/31/D/NZ7/01433.

INFLUENCE OF A2A TREATMENT ON DEPRESSIVE‑LIKE 
BEHAVIOR AND D2‑RECEPTOR AVAILABILITY IN RATS 
EXPOSED TO REPEATED SOCIAL DEFEAT
Daniel A. Vazquez Matias*, Samia Henry, Cyprien G.J. Guerrin, 
Kavya Prasad, Janine Doorduin, Erik F.J. de Vries
Department of Nuclear Medicine and Molecular Imaging, University Medical 
Center Groningen, University of Groningen, Groningen, The Netherlands 
*E‑mail: d.a.vazquez.matias@umcg.nl

The interaction between the dopaminergic and ade-
nosinergic systems in depressive phenotypes remains 
largely unexplored. This study aimed to investigate the 
effect of adenosine A2a receptor modulation on the de-
velopment of depressive‑like behavior and dopamine 
D2 receptor availability, in rats exposed to repeated so-
cial defeat. Thirty‑eight rats were divided into three 
groups which received vehicle, the A2A agonist CGS21680 
(0.1  mg/kg), or the A2A antagonist KW6002 (1  mg/kg). 
Rats underwent 5  days of repeated social defeat using 
the resident intruder paradigm. Anhedonia‑like and anx-
iety‑like behavior were assessed using a  sucrose prefer-
ence and open field tests respectively to validate the de-
pressive‑like phenotype. D2 receptor availability in the 
striatal regions was assessed using [11C]raclopride‑PET. 

Treatment with both CGS21680 and KW6002 prevented 
a decrease in sucrose preference and decreased locomo-
tor activity after social defeat. Both drugs decreased D2 
receptor availability in the striatum, in particular in cau-
date‑putamen. A2AR‑antagonist treatment also decreased 
it D2 receptor availability in the nucleus‑accumbens. Our 
study showed that the treatment with either an A2AR ag-
onist or an A2AR antagonist prevented the development 
of depressive‑like behavior, and reduced the availability 
of D2R in the striatum after exposure to RSD.

Funding: Daniel Aaron Vazquez Matias is supported 
by a scholarship from the Mexican Consejo Nacional de 
Ciencia y Tecnología (CONACyT) and the University of 
Groningen.

FROM OUT‑GROUP RESERVE TO IN‑GROUP 
FAMILIARITY – LESSONS FROM MICE HOUSED 
UNDER SEMI‑NATURALISTIC CONDITIONS
Rycerz M.1*, Bryksa A.1, Jędrzejewska‑Szmek J.2, Kalinowska M.1, 
Knapska E.1, Puścian A.1

1Laboratory of Emotions Neurobiology, BRAINCITY – Centre of Excellence  
for Neural Plasticity and Brain Disorders, Nencki Institute of Experimental Biology  
of Polish Academy of Sciences, Warsaw, Poland, 2Laboratory of Neuroinformatics, 
Nencki Institute of Experimental Biology of Polish Academy of Sciences,  
Warsaw, Poland 
*E‑mail: mateusz.rycerz1@gmail.com

In social species, diverse attitudes toward in‑group 
and out‑group individuals are reflected in the well‑con-
served neuronal background. Understanding those 
brain mechanisms may be facilitated by the behavioral 
protocols allowing to elicit naturalistic social behavior. 
To investigate the emergence of social bonds between 
two unfamiliar groups, we used mice, a species of high-
ly social nature. Each of the groups came from a  dif-
ferent colony. Animals were tested in Eco‑HAB, a com-
puter‑controlled system mimicking natural murine 
habitats. The Eco‑HAB territory was divided into two 
equivalent parts – one for each group – which were sub-
sequently merged. From that moment the animals from 
both groups could freely interact. We show that imme-
diately after the merger animals prefer spending time 
and following in‑group conspecifics rather than the 
alien ones. However, to a varying degree, depending on 
both, the particular group and the individual. In the fol-
lowing  hours, the social structure starts shifting, with 
some mice sticking to their previous social preferences 
while others form close relationships with strangers. 

In summary, we present the data illustrating the 
process of consolidation of the two previously unfamil-
iar groups. The presented discoveries form a foundation 
for further studies of the brain mechanisms underlying 
novel social bonds.
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Funding: This work was supported by the National 
Science Centre grant 2020/39/D/NZ4/01785.

TRAIT DIFFERENCES IN SENSITIVITY TO NEGATIVE 
FEEDBACK DO NOT INTERACT WITH THE EFFECTS 
OF ACUTE TREATMENT WITH AGOMELATINE ON 
BEHAVIOR OF RATS IN THE FORCED SWIM TEST
Gabriela Rajtar*, Marta Świtek, Agata Cieślik, Michał Piksa, 
Karolina Noworyta, Rafał Ryguła
Affective Cognitive Neuroscience Laboratory, Department of Pharmacology, 
Maj Institute of Pharmacology Polish Academy of Sciences, Krakow, Poland 
*E‑mail: gabriela.rajtar@student.uj.edu.pl

Depression is one of the biggest threats to modern 
society. It has been postulated that certain cognitive 
traits may influence the development, progression as 
well as treatment of this disorder. One of these traits 
is sensitivity to negative feedback (NF). The present 
study was designed to examine if trait sensitivity to NF 
could alter the effects of antidepressant agomelatine 
measured in the forced swimming test (FST) in rats. 
The rats were tested in a  series of 10 probabilistic re-
versal learning tests, which allowed us to classify each 
animal as trait sensitive/insensitive to NF. Subsequent-
ly, we evaluated the effects of a single administration of 
3 different doses of agomelatine (5, 10, and 40 mg/kg) 
on behavioral despair and other behaviors measured in 
the FST. We observed no statistically significant inter-
action between trait sensitivity to NF and the effects of 
acute agomelatine treatment on immobility, climbing, 
and swimming behaviors measured in the FST. Trait 
differences in sensitivity to NF do not interact with the 
effects of acute treatment with agomelatine on the be-
havior of rats in the FST.

Funding: Supported by the National Science Cen-
tre (UMO‑2016/23/B/NZ4/01562) and by the statutory 
funds of the Maj Institute of Pharmacology PAS.

THE EFFECTS OF SIMULTANEOUS INHIBITION OF 
SERT AND THE 5‑HT6 RECEPTOR ON COGNITIVE 
FLEXIBILITY OF MALE RATS
Michał Rychlik1*, Agata Fijałkowska2, Monika Marcinkowska3, 
Agata Siwek4

1Department of Toxicology, Faculty of Pharmacy, Jagiellonian University Medical 
College, Cracow, Poland, 2Department of Pharmaceutical Botany, Faculty of 
Pharmacy, Jagiellonian University Medical College, Cracow, Poland, 3Department 
of Pharmaceutical Chemistry, Faculty of Pharmacy, Jagiellonian University 
Medical College, Cracow, Poland, 4Department of Pharmacobiology, Faculty of 
Pharmacy, Jagiellonian University Medical College, Cracow, Poland 
*E‑mail: michalrychlik@gmail.com

The ascending serotonergic system modulates 
a  plethora of cognitive and affective functions in hu-

mans and animals. Dysfunctions of this system are 
implicated in both psychiatric and neurodegenerative 
disorders, with cognitive inflexibility being a common 
symptom for both. Here, we tested the impact of two 
novel dual‑action compounds that inhibit the serotonin 
transporter (SERT) and the 5‑HT6 receptor, on the abil-
ity to adjust behavior to environmental changes. By 
combining two forms of activity, such drugs should be 
less prone to side‑effects. Three groups of male Wis-
tar rats were evaluated in the Attentional Set‑Shifting 
Task (ASST) under either vehicle‑ or drug‑treatment 
(MM393, 7.5 mg/kg; MM394, 2.5 mg/kg), in the active/
dark phase of the diurnal cycle. The ASST probes two 
forms of cognitive flexibility i.e., reversal learning 
and set‑shifting, that are contingent on orbitofrontal 
and medial prefrontal cortex, respectively. Following 
acute treatment with MM394, >60% of rats did not com-
plete all of the 7 stages of the ASST. Compared to vehi-
cle, MM393 had no effect on cognitive flexibility and 
caused a significant increase in rats’ latencies to make 
a  choice. Simultaneous inhibition of SERT and 5‑HT6 
might impact motivation to perform complex deci-
sion‑making tasks.

Funding: The project was financially supported by 
National Science Center, Poland – grant no 2018/31/D/
NZ7/01433.

PRECLINICAL INVESTIGATION OF THE EFFECTS 
OF DUAL‑ACTION SEROTONERGIC COMPOUNDS 
ON AFFECTIVE BIASES OF MALE RATS
Agata Fijałkowska1*, Michał Rychlik2, Monika Marcinkowska3, 
Agata Siwek4

1Department of Pharmaceutical Botany, Faculty of Pharmacy, Jagiellonian 
University Medical College, Cracow, Poland, 2Department of Toxicology, Faculty of 
Pharmacy, Jagiellonian University Medical College, Cracow, Poland, 3Department 
of Pharmaceutical Chemistry, Faculty of Pharmacy, Jagiellonian University 
Medical College, Cracow, Poland, 4Department of Pharmacobiology, Faculty of 
Pharmacy, Jagiellonian University Medical College, Cracow, Poland 
*E‑mail: a.m.fijalkowska@gmail.com

The most prevalent form of pharmacological mod-
ulation of the serotonergic system in the clinic is the 
inhibition of the serotonin transporter (SERT). Other 
approaches focus on direct manipulation of serotonin 
receptors, of which 5‑HT6 is one of the most promis-
ing targets. Previously we showed that a 5‑HT6 agonist 
attenuates a  negative, but does not cause a  positive 
affective bias in Wistar rats. Here, we evaluated the 
effects of two novel compounds caplable of simulta-
neous inhibition of SERT and the 5‑HT6 receptor. Two 
groups of male Wistar rats were assessed in the Affec-
tive Bias Test in a  within‑subject Latin square design, 
where animals’ affective state was manipulated with 
an acute administration of either MM393 (0.0; 2.5; 5.0; 
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7.5 mg/kg; group 1) or MM394 (0.0.; 1.25; 2.5; 5.0 mg/kg; 
group 2). The ability of MM393 (7.5 mg/kg) and MM394 
(2.5 mg/kg) to modulate a negative affective bias (NAB) 
caused by 10 mg/kg of corticosterone was also tested. 
Both compounds slightly reduced corticosterone‑in-
duced NAB, albeit MM393 was more effective in that re-
spect. However, 7.5 mg/kg of MM393 also caused a NAB, 
while MM394 was devoid of such an effect. None of the 
compounds showed a clearly favourable neuropsycho-
logical profile.

Funding: The project was financially supported by 
National Science Center, Poland – grant no 2018/31/D/
NZ7/01433.

TRAIT SENSITIVITY TO NEGATIVE AND POSITIVE 
FEEDBACK IS ASSOCIATED WITH VARIOUS 
ASPECTS OF ALCOHOL ADDICTION IN RATS
Agata Cieslik1*, Karolina Noworyta1, Joanna Solich2, 
Agata Korlatowicz2, Agata Faron‑Górecka2, Rafal Rygula1

1Maj Institute of Pharmacology Polish Academy of Sciences, Department of 
Pharmacology, Affective Cognitive Neuroscience Laboratory, Krakow, Poland, 
2Maj Institute of Pharmacology Polish Academy of Sciences, Department of 
Pharmacology, Biochemical Pharmacology Laboratory, Krakow, Poland 
*E‑mail: agatacieslik1@gmail.com

Alcohol use disorder (AUD) is one of the most com-
mon psychiatric disorders. It has been demonstrated 
that people with AUD are abnormally sensitive to the 
performance feedback. However, far less is known about 
the role of this cognitive bias before the onset of AUD. 
Using a series of probabilistic reversal learning tests we 
classified each rat as insensitive/sensitive to negative 
(NF) and positive feedback (PF). Subsequently, we sub-
jected animals to a series of intermittent‑access two‑bot-
tle choice  sessions. Then, using a  novel instrumental 
second‑order chained schedule of alcohol reinforcement 
task we examined the influence of NF/PF sensitivity on 
the development and maintenance of compulsive al-
cohol‑seeking. We have also examined the interaction 
between feedback sensitivity and extinction/reinstate-
ment of alcohol‑seeking, and animals’ motivation to 
drink. The behavioral studies were complemented by 
analyses of the levels of stress hormones and differences 
in the expression of potentially involved genes.

The results demonstrated that sensitivity to feed-
back might determine the vulnerability of rats to the 
development of compulsive alcohol seeking, motiva-
tion to drink, propensity to extinguish and reinstate-
ment alcohol‑seeking behaviors. They also demonstrat-
ed that trait sensitivity to feedback interacts with the 
levels of stress hormones and the expression of genes 
related to serotonergic and dopaminergic neurotrans-
mission.

Funding: Supported by the Polish National Science 
Centre (grant 2018/31/B/NZ7/03690).

AFFECTIVE SIGNS OF OXYCODONE 
WITHDRAWAL DO NOT RETAIN AFTER 
14 DAYS OF ABSTINENCE IN RATS
Yaroslava Oliinyk*, Wojciech Solecki
Department of Neurobiology and Neuropsychology, Institute of Applied 
Psychology, Jagiellonian University, Krakow, Poland 
*E‑mail: yaroslava.oliinyk@student.uj.edu.pl

The study was conducted to test whether, after 
14  days of abstinence from oxycodone (OXY) when 
the somatic withdrawal symptoms have disappeared, 
the increased negative affect was retained. The affect 
was measured as naloxone‑induced place aversion 
and an increase in 22  kHz USV and/or a  decrease in 
50  kHz USV. We aimed to check whether longer ab-
stinence from opiates is accompanied by negative 
affect, postulated as one of the key factors causing 
a relapse of opiate use. Experimental groups that re-
ceived chronic oxycodone (7  days, twice daily), and 
two control groups – one that received chronic sa-
line and one that received a single dose of OXY (acute 
withdrawal) were used. All groups underwent a con-
ditioned place aversion (CPA) test with USV record-
ing. All groups received naloxone (NLX) at doses that 
did not induce CPA in rats without opiate experience 
(saline group). No induction of CPA in the protracted 
abstinence group was found, regardless of the dose 
of NLX (neither 1 mg/kg nor 2 mg/kg). No expected 
22 kHz USV increase and/or 50 kHz USV decrease in 
any of the groups was found. In OXY‑dependent rats, 
after 14 days of abstinence, no affective signs of with-
drawal were detected.

Funding: NCN OPUS 20, K/PBO/000851.

DISULFIRAM REVERSES MORPHINE TOLERANCE 
BY ACTIVATING G‑PROTEIN SIGNALING
Sandra Wolska1*, Anna Leśniak1, Anna de Corde‑Skurska1, 
Paweł Krząścik2, Magdalena Bujalska‑Zadrożny1

1Department of Pharmacodynamics, Centre for Preclinical Research and 
Technology, Medical University of Warsaw, Warsaw, Poland, 2Department  
of Experimental and Clinical Pharmacology, Centre for Preclinical Research  
and Technology, Medical University of Warsaw, Warsaw, Poland 
*E‑mail: san.wolska@gmail.com

Disulfiram (DSF) is most widely known as a  medi-
cation supporting abstinence in patients struggling to 
maintain their sobriety from alcohol. Apart from acting 
as a potent acetaldehyde dehydrogenase inhibitor, di-
sulfiram was also shown to enhance opioid‑induced an-
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algesia as well as reverse opioid‑induced tolerance and 
dependence. Remarkably, the molecular background 
of this phenomenon has not been extensively studied 
nor explained with only few vague hypotheses exist. 
Our latest work shows that disulfiram partially rescues 
G‑protein activity in rats exposed to chronic morphine 
treatment, which might play a role in the suppression 
of analgesic tolerance to morphine. Thus, the aim of 
this study was to investigate the mechanism behind 
G‑protein stimulation by disulfiram in opioid‑receptor 
rich hypothalamus in the [35S]GTPγS assay. Our results 
show that disulfiram potently stimulates Gi/0 protein 
activity in a  manner independent of µ‑opioid recep-
tor occupancy. Surprisingly, disulfiram did not signifi-
cantly modulate morphine efficacy further suggesting 
a non‑receptor site of action. We propose that disulfi-
ram exerts this effect by covalently binding to cysteine 
residues to enhance GDP to GTP exchange. This notion 
was supported by an observation that other thiol al-
kylating agents – N‑ethylmaleimide and SCH 202676 
produced similar stimulation of G‑protein activity that 
was reduced by dithiothreitol.

Funding: This study was supported by statutory 
funds received from the Medical University of Warsaw 
(grant no. FW3/4/F/MG/N/21) and carried out with the 
use of the CePT infrastructure.

IMPAIRMENT OF MITOCHONDRIAL OXIDATIVE 
PHOSPHORYLATION IN THE BRAIN – 
INVOLVEMENT IN DEPRESSION?
Katarzyna Głombik*, Magdalena Kukla‑Bartoszek, 
Katarzyna Curzytek, Agnieszka Basta‑Kaim, 
Bogusława Budziszewska
Laboratory of Immunoendocrinology, Department of Experimental 
Neuroendocrinology, Maj Institute of Pharmacology, Polish Academy  
of Sciences, Krakow, Poland 
*E‑mail: glombik@if‑pan.krakow.pl

The brain is a  structure characterized by high en-
ergy demands. Nerve cells rely mostly on the energet-
ic support of astrocytes, which produce lactate in the 
process of glycolysis to be transported into neurons, 
where it is directly utilized in the Krebs cycle and ox-
idative phosphorylation. The oxidative phosphoryla-
tion system (OXPHOS), located in mitochondria, is re-
sponsible for cellular energy production via sequential 
electron transfer reactions coupled to proton trans-
location across the mitochondrial inner membrane. 
This process involves five multi‑subunit complexes 
(Complex I‑V), which in the end, produce ATP by the 
transfer of H+ ions across a membrane. Our aim was to 
investigate the levels of OXPHOS complexes and ATP in 
the frontal cortex and hippocampus of adult rats in an 

animal model of depression based on prenatal dexa-
methasone (DEX) treatment. In the frontal cortex, we 
demonstrated the diminished level of complex II, com-
plex IV, and complex  V in the DEX group which cor-
responds with decreased concentration of ATP in this 
area. Obtained results indicate that depression‑like 
changes observed in the used animal model could be, 
at least in part, caused by a reduction in ATP produc-
tion in the brain because it is known that depression 
is associated with numerous metabolic disturbances.

Funding: This work was supported by grant 
2020/39/D/NZ7/01610 from the National Science Cen-
tre, Poland.

POSTNATAL IMMUNE ACTIVATION WITH POLY(I:C) 
ALTERS ADULT MICE BEHAVIOR
Iwona Sirocka*, Karolina Protokowicz, Leszek Kaczmarek
BRAINCITY, Laboratory of Neurobiology, Nencki Institute of Experimental Biology, 
Polish Academy of Sciences, Warsaw, Poland 
*E‑mail: i.sirocka@nencki.edu.pl

Neurodivergent people, for example people with au-
tism spectrum disorder (ASD), ADHD or learning disabil-
ities, often suffer from social skills deficits, cognitive 
impairments, and sensorimotor processing difficulties. 
The causes of those variations are complex, ranging 
from genetic predispositions to environmental circum-
stances, including early‑life immune activation. 7‑day 
old mice were injected with either Poly(I:C), an agent 
mimicking viral infection, or saline serving as control. 
Male mice subjected to Poly(I:C) exhibited decreased 
neophobia, and risk taking behavior in comparison with 
their saline treated counterparts. Interestingly, loco-
motor activity of the Poly(I:C) group was significantly 
higher but only in a new, potentially threating environ-
ment, contrasting with their diminished home‑cage ac-
tivity, as compared to the control male mice. Moreover, 
Poly(I:C) male mice were less likely to approach the new 
social stimulus, even though they tended to have more 
social interactions with their littermates. Our results 
indicate that postnatal immune activation might be in-
volved in symptoms associated with neurodiversity. 

THE INFLUENCE OF LOCOMOTOR 
RESPONSIVENESS TO NOVELTY ON ACTIVATION 
OF MICROGLIA IN THE HIPPOCAMPUS IN  
THE RAT MODEL OF NEUROINFLAMMATION 
Joanna Dunacka*, Irena Majkutewicz, Grzegorz Świątek, 
Paweł Matulewicz, Beata Grembecka, Danuta Wrona 
Department of Animal and Human Physiology, Faculty of Biology, 
University of Gdansk, Poland 
*E‑mail: joanna.dunacka@ug.edu.pl



XC 12th Neuronus 2022 Neuroscience Forum Acta Neurobiol Exp 2022, 82: I–CIV

Locomotor responsiveness to novelty is connect-
ed with stress susceptibility and influences periph-
eral immunological response. Intracerebroventricu-
lar (i.c.v.) injection of streptozotocin (STZ) induces 
neuroinflammation, oxidative stress and cognitive 
decline. The aim of the study was assessment of in-
fluence of responsiveness to novelty on number of 
activated microglia in hippocampal areas of rats in 
STZ‑induced model of neuroinflammation. Rats were 
divided into high and low responders (HRs and LRs) 
in the novelty test and subsequently subjected to 
i.c.v. injection of STZ. Immunofluorescent assay of 
activated microglia (CD68+) was performed on brain 
slices. Significant differences between HRs and LRs 
were found in the CA1 area of the hippocampus in 
STZ‑injected rats (2.5±1.22 cells/0.01 mm2 in HRs vs. 
4.75±0.96 cells/0.01 mm2 in LRs). There were also sig-
nificant differences between STZ HRs vs. SHAM LRs 
and STZ LRs vs. SHAM LRs animals in CA1, CA2, CA3 
and DG parts of hippocampus (CA2 STZ: HR 2.25±0.96, 
LR 3.25±1.26; CA3 STZ: HR 4.2 ±1.64, LR 3.75 ±1.26; DG 
STZ: HR 3.33±1.51, LR 3.25±1.26; all SHAM groups in 
CA, CA2, CA3, DG 0±0 cells/0.01 mm2). Individual be-
havioral characteristics manifested by responsive-
ness to novelty influences activation of microglia 
evoked by i.c.v. STZ in hippocampal CA1 area involved 
in encoding new information.

Funding: Subvention 531‑D080‑D248‑22.

THE ROLE OF SHORT NEUROPEPTIDE  
F (SNPF) IN THE REGULATION OF  
THE CIRCADIAN CYCLE IN THE TENEBRIO  
MOLITOR BEETLE
Dominika Wojtalik*, Karolina Walkowiak‑Nowicka, 
Paweł Marciniak 
Department of Animal Physiology and Developmental Biology, Institute 
of Experimental Biology, Adam Mickiewicz University, Poznan, Poland 
*E‑mail: domwoj13@st.amu.edu.pl

In insects, the regulation of the circadian cycle 
is autonomous and occurs through cooperation be-
tween a  “central biological clock” in the brain and 
a  “peripheral biological clock” in the prothoracic 
gland (PG). The operation of these clocks is synchro-
nized, among other things, by external factors such 
as light and temperature, and is also regulated neuro-
endocrinally, through the cAMP–PKA–CREB signaling 
pathway, which is the site of action of short neuro-
peptide F (sNPF). sNPF is an ortholog of neuropep-
tide Y (NPY), which has been found in mammals as 
responsible among others for sleep regulation. It may 
be an important future research direction, as the NPY 
action system may be involved in the pathophysiolog-

ical process of primary insomnia in humans. Insects 
can be models in this research. The aim of this study 
was to determine the role of short F neuropeptides 
in regulating the circadian cycle in adults of the T. 
molitor beetle, and to show that the expression level 
of sNPF gene varies when beetles were exposed to dif-
ferent light conditions. Furthermore, we showed that 
sNPF regulate gut physiology what again proves that 
it poses the same physiological properties as NPY in 
mammals.

Funding: IDUB – Inicjatywa Doskonałości Uczelnia 
Badawcza.

GENE EXPRESSION ANALYSIS OF 
SELECTED NEUROPEPTIDES OF THE 
BEETLE TENEBRIO MOLITOR L. UNDER 
THERMAL STRESS CONDITIONS
Olga Blauth*, Jan Lubawy
Department of Animal Physiology and Developmental Biology, Institute 
of Experimental Biology, Faculty of Biology, Adam Mickiewicz University, 
Poznan, Poland 
*E‑mail: olgbla1@st.amu.edu.pl

Insects are the most numerous group of animals. 
One aspect of this wide distribution is the ability 
of these animals to survive in all environments and 
temperatures. This success is due to their high abili-
ty to tolerate a range of environmental stresses, such 
as low or high temperatures. Studies show that cold 
stress affects many physiological processes in insects. 
The neuroendocrine system and its associated media-
tors, such as neuropeptides and biogenic amines, play 
an important role in the regulation of physiological 
and behavioral processes in insects, and therefore 
could also potentially affect thermal tolerance. In the 
experiment, 30‑day‑old Tenebrio molitor beetles were 
used. The insects were exposed to heat stress at 40°C 
and cold at ‑5°C for one hour. The nervous system 
was then isolated by microsurgery. Quantification of 
mRNA levels for genes encoding neuropeptides such 
as allatostatin type C (PISCF), short neuropeptide F 
(sNPF) and tachykinin‑related peptide (TRP) was mea-
sured by RT‑qPCR. During temperature stress, both 
cold and heat, expression of tested genes is signifi-
cantly changed in nervous tissues (brain and ventral 
nerve cord) of T. molitor.

Funding: The study was supported by a  research 
grant from Initiative of Excellence – Research Univer-
sity, within the Study@Research Programme (049/34/
UAM/049/34/UAM/0003) awarded to OB and the Na-
tional Science Centre, Poland (2019/35/D/NZ4/02731) 
awarded to JL.
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UNDERSTANDING THE ROLE OF CTCF 
IN MOUSE NEURAL PRECURSOR CELLS
Dehingia B.*, Milewska‑Puchala M., Piotrowska A.,  
Chaudhury D., Pękowska A.
Dioscuri Centre for Chromatin Biology and Epigenomics, Nencki Institute 
of Experimental Biology, Polish Academy of Sciences, Warsaw, Poland 
*E‑mail: b.dehingia@nencki.edu.pl

CCCTC‑binding factor (CTCF) is a  key regulator of 
chromatin organization. Recent studies indicate that 
Ctcf is essential for proper mouse development. CTCF 
depletion in mouse oocyte results in embryo death, 
while CTCF heterozygous mice develop tumors. CTCF 
expression changes during brain development. Inactiva-
tion of CTCF in mouse neural precursor (NP) cells can 
lead to premature neurogenesis. The mechanisms of this 
phenomenon are not fully defined. We found that in the 
mouse NP cells, acute removal of CTCF in vitro, upregu-
lated expression of pro‑neuronal genes including Tubb3, 
Ngfr, Lrrk2, Nrp1, Insm1, Dlx1, Dlx2 while downregulating 
Sox9, Sox5, Hes5 which are important for astrocytic 
fate. To determine how CTCF may impact further devel-
opment of the NP cells we grew the NP cells in condi-
tions promoting either neuronal and astrocytic identity. 
Neuronal differentiation and maturation of NP cells was 
enhanced when CTCF was abolished. On the contrary, 
the CTCF – NP cells yielded two  times less astrocytes 
as judged by the expression of Gfap+ (35% versus 75% of 
Gfap+ cells in the CTCF+ population). Our results suggest 
that CTCF molds the differentiation trajectory in mouse 
NP cells. We are currently investigating the mechanisms 
by which CTCF impacts proneural and astrocytic gene 
expression. We are particularly interested in the molecu-
lar pathways that render some loci receptive to the level 
of CTCF. Likewise, we would like to determine how CTCF 
impacts NP cell biology and how its functions may be 
related to the development of neurological syndromes 
in patients with heterozygous deletion of the CTCF gene.

Funding: Dioscuri Grant (Dioscuri is a program ini-
tiated by the Max Planck Society, managed jointly with 
the National Science Centre (NCN, Poland) and mutual-
ly funded by the Polish Ministry of Education and Sci-
ence and the German Federal Ministry of Education and 
Research).

EVOLUTIONARY CHANGES IN THE GENETIC 
LANDSCAPE OF ASTROCYTES FROM PRIMATE 
SPECIES: A TRANSCRIPTOMIC OVERVIEW
Debadeep Chaudhury*, Eryk Duński, Katarzyna Ciuba, 
Aleksandra Poitrowska, Bondita Dehingia, Aleksandra Pękowska
Dioscuri Center for Chromatin Biology and Epigenomics, Nencki Institute 
of Experimental Biology, Polish Academy of Sciences, Warsaw, Poland 
*E‑mail: d.chaudhury@nencki.edu.pl

Astrocytes constitute the largest group of glial 
cells in the mammalian brain and sustain a  plethora 
of housekeeping functions in the central nervous sys-
tem (CNS). Astrocytes are crucial for synapse develop-
ment, functions, and pruning. Thus astrocytes can in 
principle also impact high‑level functions of the brain. 
Human and murine astrocytes differ, mouse cells fea-
ture fewer processes than their human counterparts. 
Despite essential function in the CNS and the possible 
implication the evolution of brain, the genetic bases 
of interspecies differences between astrocytes remain 
an open question. To model the evolution of astrocyte 
transcriptome, we profiled the transcriptomes of as-
trocytes derived in vitro from Human, Chimpanzee and 
Rhesus Macaque induced pluripotent stem cells. We 
identified 619 high confidence loci that display spe-
cies specific expression level in Astrocytes; amongst 
them 65 are implicated in neurological disorders (NDs) 
including Alzheimer’s disease. We are currently deter-
mining the mechanisms that might drive the differ-
ential expression of these genes. We anticipate that 
further investigation into the regulome of the genes 
displaying human specific expression pattern will help 
reveal key genetic changes that could account for the 
features of the brain specific to humans and possibly 
also provide new mechanistic understanding of NDs.

Funding: Dioscuri Grant (Dioscuri is a program ini-
tiated by the Max Planck Society, managed jointly with 
the National Science Centre (NCN, Poland), and mu-
tually funded by the Polish Ministry of Education and 
Science and the German Federal Ministry of Education 
and Research.

TOWARDS DEFINING THE EVOLUTION OF 
THE REGULOME OF HUMAN ASTROCYTES
Eryk Duński*, Debadeep Chaudhury, Katarzyna Ciuba, 
Aleksandra Piotrowska, Bondita Dehingia, Aleksandra Pękowska
Dioscuri Center of Epigenomics Chromatin Biology and Epigenomics, Nencki 
Institute of Experimental Biology, Polish Academy of Sciences, Warsaw, Poland 
*E‑mail: e.dunski@nencki.edu.pl

Human astrocytes display unique features in com-
parison to their murine and ape counterparts. These 
include: increased size and complexity of the arbor-
ization pattern and enhanced calcium wave dynamics. 
Protein‑coding genes related to human brain are large-
ly conserved, and it has been proposed that changes 
in gene expression throughout primate evolution are 
mostly driven by changes in regulome. To model the 
evolution of human‑specific astrocyte regulome, we 
took advantage of multiple computational tools and 
analysed Assay for Transposase‑Accessible Chromatin 
using sequencing (ATAC‑seq) data from induced plurip-
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otent stem cell (iPSC)‑derived astrocytes (iAstrocytes) 
from human, chimpanzee (Pan Troglodytes) and rhesus 
macaque (Maccaca mulatta). We found 11,963 regions 
to be more open in human than in two non‑human pri-
mate species. To confim function of human enhancers, 
we are repurposing a  lentivral Massively Parallel Re-
porter Assay (lentiMPRA) to allow us to interrogate 
function of fragments within ATAC‑seq library derived 
from human iAstrocytes. To functionally interrogate 
regulatory sequences, we are employing iAstrocytes 
expressing dCas9‑KRAB‑MeCP2 introduced through 
lentiviral infection. Integration of this data will help 
us define the regulatory mechanisms that underlie the 
evolution of astrocyte transcriptome and thereby po-
tentially reveal new aspects of gain of human specific 
brain functions.

Funding: Dioscuri Grant (Dioscuri is a program ini-
tiated by the Max Planck Society, managed jointly with 
the National Science Centre (NCN, Poland) and mutual-
ly funded by the Polish Ministry of Education and Sci-
ence and the German Federal Ministry of Education and 
Research).

REGULATED EXOCYTOSIS IN ASTROCYTES 
CONTROLLED BY NEURONAL ACTIVITY
Aleksandra Mielnicka*, Leszek Kaczmarek, Piotr Michaluk
BRAINCITY, Laboratory of Neurobiology, Nencki Institute of Experimental Biology 
*E‑mail: a.mielnicka@nencki.edu.pl

Interaction between neural circuits and astrocyt-
ic processes was previously described by the concept 
of  the tripartite synapse, which assumes that astro-
cytes are modulators of neurotransmission through 
gliotransmitters secretion. Numerous controversies 
arose regarding this model, therefore in our project, 
we want to get a better insight into the regulation of 
astrocytic exocytosis. We use total internal reflection 
fluorescence microscopy to image exocytosis events 
with VAMP2‑pHluorin probe expressed in hippocam-
pal cultures and in pure astrocytic ones. We show that 
the exocytosis frequency in astrocytes is lower in neu-
ron/glial co‑cultures than in pure astrocytic. However, 
electrical stimulation of mixed cultures significantly 
increases the rate of exocytosis. Furthermore, block-
ing Ca2+ release from the endoplasmic reticulum does 
not affect the observed effect in  contrast to blocking 
extracellular Ca2+. In turn, blocking the neuronal ac-
tivity with TTX blocks the increase in exocytosis fre-
quency triggered by electrostimulation. To conclude, 
we show that the rate of exocytosis depends on the 
neuronal presence, and is regulated by neuronal activ-
ity probably by the influx of Ca2+ ions from the extra-
cellular space.

Funding: National Science Centre, Poland grant 
2017/26/D/N23/01017.

ENERGETICS AND EMERGENT CALCIUM DYNAMICS 
IN AN ASTROCYTE‑NEURONAL NETWORK 
COUPLED VIA NITRIC OXIDE MOLECULE
Bhanu Sharma1*, Spandan Kumar1, Subhendu Ghosh1, 
Vikram Singh2 
1Department of Biophysics, University of Delhi South Campus, New Delhi, India, 
2Computational Biology & Bioinformatics, Central University of Himachal 
Pradesh, Shahpur, Himachal, India  
*E‑mail: bsharma810@gmail.com

Neurons and glial cells work in conjunction during 
information processing in brain. Stimulation of neu-
rons can cause calcium oscillations in astrocytes. The 
“glissandi” effect is associated with a  decrease in in-
fraslow fluctuations, in which synchronized calcium 
oscillations propagate as a  wave in hundreds of as-
trocytes. In this work, defining an astrocyte‑neuro-
nal (A‑N) unit as an integrated circuit of one neuron 
and one astrocyte, we developed a  minimal model of 
neuronal stimulus dependent calcium oscillations in 
astrocytes. Incorporating inter‑unit communication 
via nitric oxide molecules, a coupled network of 1,000 
such A‑N units is developed in which multiple stable 
regimes were found to emerge in astrocytes. Present 
study is intended to explore the emergence of calcium 
waves in astrocytes by nitric oxide molecule in a cou-
ple ensemble of A‑N network. Herein, we observe syn-
chronization between astrocyte’s calcium oscillations 
which are dependent upon neuronal stimulus and cou-
pling strength. We examined the ranges of neuronal 
stimulus and coupling strength between A‑N units that 
give rise to such dynamical behaviors. We also report 
that there exists a range of coupling strength, wherein 
units not receiving stimulus also start showing oscil-
lations and become synchronized. Our results support 
the hypothesis that “glissandi” like phenomena exhib-
iting synchronized calcium oscillations in astrocytes 
help in efficient synaptic transmission by reducing the 
energy demand.

MUTATIONS OF BETA2 H267 RESIDUE OF 
GABAA RECEPTOR TRANSMEMBRANE DOMAIN 
AFFECT GATING TRANSITIONS DURING 
RECEPTOR ACTIVATION
Marta M. Czyżewska*, Katarzyna Terejko, Michał A. Michałowski, 
Marcin Wyroślak, Jerzy W. Mozrzymas 
Department of Biophysics and Neuroscience, Wroclaw Medical University, Poland 
*E‑mail: marta.czyzewska@umw.edu.pl
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In the adult mammalian brain GABA is the major in-
hibitory neurotransmitter. GABAA receptor (GABAAR) 
most typically consists of 2α, 2β and γ2 subunit with 
two orthosteric binding sites at the α/β interface. Re-
cent structural studies largely determined the static 
structure of GABAARs, however precise molecular sce-
narios underlying conformational transitions remain 
unclear. To address this issue our group studied the 
impact of specific mutations on GABAAR functioning. 
One of these residues is histidine (H) in position 267 
of β2 subunit, located at the second segment (M2) of 
transmembrane domain (TMD) of GABAAR. This res-
idue is close to the channel gate and forms a  part of 
an anesthetic binding site being also important for αβ 
receptor modulation by H+ and Zn2+. In the present 
study we used macroscopic (with ultra‑fast perfusion) 
and single‑channel patch‑clamp recordings together 
with model simulations to investigate the impact of the 
α1β2H267K/A/C/Eγ2L substitutions (compared to WT). 
Analysis of responses evoked by rapid GABA applica-
tions showed that this mutation strongly enhanced 
macroscopic desensitization for β2H267K mutant. How-
ever, single‑channel recordings revealed that mutation 
of H267 affected not only desensitization but also open-
ings/closings and preactivation. Hence, the H267 res-
idue of M2 segment is involved in all conformational 
transitions underlying GABAAR gating.

Funding: Experimental research supported by 
Polish National Science Centre grant MAESTRO DEC-
2015/18/A/NZ1/00395. Marta Czyżewska was sup-
ported by Polish National Centre grant OPUS DEC-
2018/31/B/NZ4/01998.

MOLECULAR PATH OF THE GABA TYPE 
A RECEPTOR ACTIVATION
Michał A. Michałowski*, Katarzyna Terejko, 
Przemysław T. Kaczor, Marek Brodzki, Marta M. Czyżewska, 
Aleksandra Brzóstowicz, Karol Kłopotowski, Jerzy W. Mozrzymas
Department of Biophysics and Neuroscience, Wroclaw Medical University, 
Wroclaw, Poland 
*E‑mail: michal.michalowski@umw.edu.pl

GABA type A receptor, a pentameric ligand gated ion 
channel, plays a crucial role in inhibition in the brain 
and its dysfunction may cause various diseases. Upon 
the agonist binding at the extracellular site, the re-
ceptor undergoes a series of transitions leading to the 
opening of the transmembrane channel gate allowing 
the ions to flow into the neuron. The molecular mech-
anism of the receptor activation is not known. We used 
molecular modeling, mutagenesis, electrophysiology 
and kinetic modeling to elucidate it. Our results in-
dicated that mutations of the residues at the binding 

site are influencing the binding related transitions to 
a higher extent than those located in other regions. On 
the contrary, the rates of the transitions in the bound 
states tend to be affected by nearly all mutations, in 
a manner not clearly dependent on structural localiza-
tion. Also, the timeline of those transitions was esti-
mated – two synchronized components were revealed: 
the first one composed of movement of the residues 
located at N‑terminal, agonist binding site and domain 
interface and the second one made of remaining areas. 
Thus our data indicated the allosteric character of the 
receptor activation, characterized by significant coop-
eration and synchronization of the respective protein 
regions.

Funding: This work was supported by the Polish Na-
tional Science Centre grant, MAESTRO DEC‑2015/18/A/
NZ1/00395 and Wroclaw Medical University research 
grant SUBK.A400.22.012.

DISTINCT REGULATION OF GABAERGIC 
TRANSMISSION AND PLASTICITY ONTO 
INTERNEURONS IN THE CA1 REGION OF 
HIPPOCAMPUS – ROLE OF INTEGRINS
Patrycja Brzdąk#*, Katarzyna Lebida#, Jerzy W. Mozrzymas
Department of Biophysics and Neuroscience, Wroclaw Medical University, 
Wroclaw, Poland 
#equal contribution 
*E‑mail: patrycja.brzdak@umw.edu.pl

Integrins are a family of heterodimeric cell adhesion 
receptors playing a  role in the regulation of excitatory 
synaptic plasticity and glycinergic synapses efficacy. We 
have recently shown that inhibitory GABAergic transmis-
sion and plasticity onto pyramidal cells strongly depends 
on integrins in hippocampal CA1 network. However, their 
role in the plasticity of inhibitory transmission onto in-
terneurons still await elucidation. We therefore investi-
gated the impact of integrins on GABAergic transmission 
measured from two distinct classes of hippocampal in-
terneurons: parvalbumin (PV) and somatostatin (SST). 
We recorded miniature inhibitory postsynaptic currents 
(mIPSCs) using patch‑clamp recordings in acute slices 
from PV‑tdTomato and SST‑tdTomato mice. We observed 
that, in the presence of GRGDSP peptide, mIPSCs ampli-
tude measured from PV fast spike (FS) cells, PV non‑fast 
(nFS) spike interneurons located in St. pyramidale and 
SST interneurons was significantly potentiated (108 ± 1 
%, n=5; 113 ± 7 %, n=5; 121 ± 5 %, n=10). On the contrary, 
GRGDSP application onto nFS interneurons in St. radia-
tum led to significant decrease of GABA‑ergic transmis-
sion (91 ± 3%, n=7). We provide the first evidence that 
integrins are involved in plastic changes of GABAergic 
synaptic transmission depends on cell type.
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Funding: The research was supported by Polish Nation-
al Science Center (NCN) grant 2018/31/B/NZ4/01998 and 
P.B. was supported by the Ministry of Science and Higher 
Education (Poland) Scholarship SMN/16/1284/2020.

INTERPEDUNCULAR NUCLEUS NEURONS 
INNERVATED BY NUCLEUS INCERTUS ARE 
SENSITIVE TO NICOTINE – A NEW NEURONAL 
SUBSTRATE FOR THE INFLUENCE OF STRESS 
ON NOVELTY PREFERENCE
Gabriela Stopka*, Patryk Sambak, Anna Blasiak
Department of Neurophysiology and Chronobiology, Institute of Zoology 
and Biomedical Research, Jagiellonian University, Krakow, Poland 
*E‑mail: gabriela.stopka@icloud.com

The correct response to novel stimuli has a signifi-
cant influence on our proper functioning. A crucial role 
in familiarity/novelty signaling plays the interpedun-
cular nucleus (IPN) along with the medial habenula and 
dopaminergic neurons of the ventral tegmental area. 
The main factor leading to the development of disorders 
resulting from inadequate response to novelty is stress. 
One of the highly stress‑sensitive brain structure is the 
nucleus incertus (NI) which is the main source of neu-
ropeptide relaxin‑3 (RLN3) in the brain. Therefore, it is 
believed that the NI – IPN connection is a part of a neu-
ronal mechanism involved in stress related novelty pref-
erence disturbances. Therefore, we aimed to verify the 
impact of familiarity signaling nicotine, on the activity 
of IPN neurons that are directly innervated by NI neu-
rons in rats. With the use of optogenetics and electro-
physiological whole‑cell‑patch‑clamp recordings of IPN 
neurons activity we showed that IPN neurons innervated 
by NI are sensitive to nicotine, which implies a role of NI 
– IPN axis in the familiarity signaling. Moreover, using 
viral based fluorescent staining we showed that NI‑orig-
inating fibers in the IPN contain RLN3, what indicate the 
NI as the main source of this neuropeptide in the IPN.

Funding: This research was supported by research 
grant from the National Science Centre, Poland 
(UMO‑2018/30/E/NZ4/00687).

AVERSIVE STIMULUS CODING REVISITED – BRAIN 
STATE‑DEPENDENT RESPONSES OF REWARD AND 
ANTI‑REWARD SYSTEMS TO ELECTRICAL FOOT SHOCK
Martyna Marzec1*, Izowit G.1, Walczak M.1, Drwięga G.1, 
Stawicka Z.1, Solecki W.2, Błasiak T.1 
1Department of Neurophysiology and Chronobiology, Institute of Zoology 
and Biomedical Research, Jagiellonian University, Krakow, Poland,  
2Department of Neurobiology and Neuropsychology, Institute of Applied 
Psychology, Jagiellonian University, Krakow, Poland 
*E‑mail: martyna14.marzec@student.uj.edu.pl

Dopaminergic (DA) neurons of ventral tegmental 
area (VTA) and substantia nigra pars compacta (SNc) 
code information about aversive stimuli (AS). One of 
VTA/SNc inputs involved in AS‑coding comes from 
lateral habenula (LHb). In both VTA/SNc and LHb two 
neuronal populations have been distinguished based 
on the type of responses (excitatory or inhibitory) to 
AS. Given that basal activity of VTA/SNc DA neurons 
depends on alternating brain states under urethane 
anaesthesia, we checked whether VTA/SNc DA neurons 
responses to AS are also brain state‑dependent. Addi-
tionally, we wanted to examine if basal activity of LHb 
neurons and their responses to AS differ between brain 
states. Firstly, we performed in vivo extracellular re-
cordings of midbrain DA neurons combined with opto-
tagging and recorded their responses to electrical foot 
shocks from urethane anaesthetized rats. Secondly, we 
recorded activity and responses to AS of LHb neurons 
using Multi‑Electrode Arrays. We observed two neuro-
nal subpopulations of both VTA/SNc and LHb – excited 
and inhibited by AS. However, we also recorded pre-
viously undescribed populations of VTA/SNc and LHb 
neurons which responses to AS differ between brain 
states. This study sheds new light on interplay of LHb/
VTA/SNc in AS‑coding and influence that brain state 
may exert on processing of aversion.

Funding: National Science Centre, PRELUDIUM 
2019/33/N/NZ4/03011.

PENTYLENETETRAZOLE–INDUCED KINDLING 
AS A MODEL OF METABOLIC SYNDROME
Bidnyuk V.K.¹, Pervak M.P.¹, Poshyvak O.B.2*,  
Yehorenko O.S.1, Varava S.V.¹, Godlevsky L.S.¹, Haustov O.O.¹
1Department of Biophysics, Informatics and Medical Devices, Odessa National 
Medical University, Odessa, Ukraine, 2Department of Pharmacology, Danylo 
Halytsky Lviv National Medical University, Lviv, Ukraine 
*E‑mail: olesya.poshyvak@gmail.com

Data on the relationship between epilepsy and 
metabolic syndrome justified the evaluation of MS 
markers expression in PTZ‑kindled rats. PTZ kin-
dling was induced in four  months aged male Wistar 
rats with three  weeks epileptogen (35.0  mg/kg, i.p.) 
administration. Those animals with fully developed 
generalized seizures were used for investigations. The 
glucose tolerance test (GTT) was followed by a signif-
icant rising in blood glucose level 30  min after glu-
cose i.p. administration (2.0  g/kg) up to 395.7+47.2 
mg/dl), which exceeded the control data by 1.74 times 
(P<0.001). Insulin tolerance test (0.75 U of insulin/kg) 
revealed in 15  min after glucose i.p. administration 
(2.0  g/kg) up to 114.3+15.7 mg/dl), which exceed the 
control data by 31.3% (P<0.001). Significant differenc-
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es were maintained for 2  h. Avidin‑biotin peroxidase 
complex method was used to determine differences 
in the immunohistochemical determination of TNF‑α 
and p‑NF‑kB in dorsal hippocampal structures. It was 
established that in kindled rats, the level of TNF‑α 
and p‑NF‑kB determined with the intensity of color 
raised in PTZ‑kindled rats by 3.73 and by 3.0  times 
correspondently (P<0.001). Circulating fasting blood 
triglycerides was 142.2+22,6 mg/dl and exceeded the 
control value by 18.8% (P<0.01). Gained data favored 
similar mechanisms of chronic brain epileptic activity 
and metabolic syndrome. 

Funding: This research was funded by the Ministry 
of Health Care of Ukraine (Number of research work 
0121U114510).

ABNORMAL METABOLISM AND  
AUTOPHAGY IN THE SPINAL CORD  
OF SOD1‑G93A MICE ARE MODIFIED  
BY SWIM TRAINING
Katarzyna Patrycja Dzik1*, Damian Józef Flis2, 
Katarzyna Barbara Kaczor‑Keller3, Zofia Kinga Bytowska4, 
Mateusz Jakub Karnia1, Wiesław Ziółkowski5, Jan Jacek Kaczor1

1Department of Animal and Human Physiology, Faculty of Biology, University 
of Gdansk, Gdansk, Poland, 2Department of Pharmaceutical Pathophysiology, 
Faculty of Pharmacy, Medical University of Gdansk, Poland, 3Department 
of Molecular Biology, Institute of Genetics and Animal Biotechnology, Polish 
Academy of Science, Magdalenka, Poland, 4Division of Bioenergetics and 
Physiology of Exercise, Faculty of Health Sciences with Institute of Maritime and 
Tropical Medicine, Medical University of Gdansk, Gdansk, Poland, 5Department of 
Rehabilitation Medicine, Faculty of Health Sciences with Institute of Maritime and 
Tropical Medicine, Medical University of Gdansk, Gdansk, Poland 
*E‑mail: katarzyna.dzik@ug.edu.pl

Amyotrophic lateral sclerosis (ALS) is an incurable, 
neurodegenerative disease. ALS might cause behav-
ioral disturbances and cognitive dysfunction. Exercise 
has revealed a neuroprotective influence on the motor 
neurons in ALS. Swim training was applied five  times 
per  week for 30  min to the SOD1‑G93A mice model of 
ALS and B6SJL mice as controls. ALS mice were tested 
before ALS onset, at the first symptoms of the disease, 
and at the terminal stage. All mice underwent behavior-
al tests. The spinal cord was tested for enzymatic activ-
ities and signaling protein content. The study revealed 
increased locomotor activity in pre‑symptomatic ALS 
mice; the swim training reduced these symptoms. De-
creased PGC‑1α, IGF‑1, and TBK1 signaling molecule 
content, among with increases in AMPK, metabolic sen-
sor, abnormally regulated metabolism, and autophagy 
in the spinal cord of SOD1‑G3A mice, causing accumu-
lation of p62 and mitochondrial OGDH. The metabolic 
changes present already at the pre‑symptomatic stage 
of the disease shift towards glycolytic processes at the 

terminal phase of ALS. On the other side, we suggest 
that swim training causes the adaptation resulting in 
higher NFL content and increased IGF‑1, protecting spi-
nal’s cord mitochondria against disruption. The thera-
peutic aquatic activity might slow down the progres-
sion of ALS.

Funding: Research project was founded by grant 
from the Polish National Science Centre (2018/29/N/
NZ7/01627).

ACTIVATION OF NON‑NUCLEAR 
ESTROGEN RECEPTORS PROTECTS MOUSE 
NEURONS AGAINST Β‑AMYLOID‑INDUCED 
CASPASE‑DEPENDENT APOPTOSIS
Bernadeta A. Pietrzak*, Agnieszka Wnuk, Karolina Przepiórska, 
Małgorzata Kajta
Department of Pharmacology, Laboratory of Neuropharmacology and Epigenetics, 
Maj Institute of Pharmacology, Polish Academy of Sciences, Krakow, Poland 
*E‑mail: pietrzak@if‑pan.krakow.pl

Alzheimer’s disease (AD), is an age‑related neurode-
generative disorder described by the progressive deterio-
ration of memory and cognitive functions. It is character-
ized by extracellular β‑amyloid plaques and intracellular 
neurofibrillary tangles along with accompanying synap-
tic and neural loss. Since currently available therapies 
provide only moderate symptomatic relief without affect-
ing AD progression, novel treatments are needed. Estro-
gen receptors (ERs) are widely known for their neuropro-
tective potential. In recent years, it has been noticed that 
the differences in nuclear and non‑nuclear ERs activation 
mechanisms position non‑nuclear ERs as a safer alterna-
tive that, so far, seem devoided of nuclear ER activation 
ramifications such as the increased risk of cardiovascular 
diseases and accelerated progression of hormone‑depen-
dent cancers. In this study, we demonstrated that PaPE‑1, 
a compound that has been synthesized to selectively tar-
get non‑nuclear ERs, is an effective neuroprotectant in 
the cellular AD model. Neuroprotective effects of PaPE‑1 
on primary neocortical neurons treated with β‑amyloid 
have been verified in the context of apoptosis, by mito-
chondrial membrane potential measurement, caspase‑3, 
‑8 and ‑9 activities assessments, and the measurements 
of apoptosis‑related mRNAs and proteins such as Fas/
FAS, FasL/FASL, Bax/BAX, Bcl2/BCL2 and Gsk3b/GSK3β. 
Obtained results provide evidence that preferential acti-
vation of non‑nuclear ERs with PaPE‑1 protects brain neu-
rons against β‑amyloid‑induced toxicity.

Funding: This research was funded by the Nation-
al Science Centre of Poland, grant number 2020/39/
NZ7/00974 and the statutory fund of the Maj Institute 
of Pharmacology of the Polish Academy of Sciences in 
Krakow, Poland.
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ALTERED SYNAPTIC PHYSIOLOGY AND 
IMPAIRED COGNITION, RESPONSE TO 
NOVELTY AND MOTOR BEHAVIOR IN 
A RODENT MODEL OF ACCELERATED AGING
Marta Gil1,2*, Ana Caulino‑Rocha2, Beatriz Vila‑Verde2, 
Diana Reis‑Borges2, Carlos Nascimento3, Diana Cunha‑Reis1,2,3,

1Departamento de Química e Bioquímica, Faculdade de Ciências, Universidade de 
Lisboa, Lisboa, Portugal, 2Biosystems & Integrative Sciences Institute (BioISI), Faculdade 
de Ciências, Universidade de Lisboa, Lisboa, Portugal, 3Instituto de Medicina Molecular, 
Faculdade de Medicina, Universidade de Lisboa, Lisboa, Portugal 
*E‑mail: marta.gil@onet.eu

Aging causes changes in synaptic physiology as well 
as cognitive decline and impaired motor function. We 
evaluated the relation between motor function, cog-
nitive performance and selective synaptic markers in 
natural aging and a rat model of accelerated aging (AA). 
AA was induced by D‑galactose (250  mg/kg) adminis-
tration to 12‑week‑old rats for 40 days and matched to 
Sham (saline injections) and 4 – 21‑month old (natural 
aging) rats. Behavioral evaluation was performed with 
the open‑field test; rotarod, and water maze. Novelty 
responses were evaluated by the novel object recogni-
tion test1 and the mismatch novelty test2. Hippocam-
pal expression of synaptic markers and markers of ag-
ing‑associated altered synaptic plasticity was evaluat-
ed in hippocampal membranes by western blot. AA rats 
showed impaired exploration, motor performance, mild 
cognitive impairment and mismatch novelty responses 
compared to sham controls but less pronounced that 
naturally aged rats. AMPA GluA1/GluA2 ratio, PSD‑95 
and gephyrin were mildly decreased in D‑Gal and nat-
urally aging rats while monoaminergic markers were 
differently altered in D‑Gal vs. natural aging. Altogeth-
er this suggests that aging‑like pathology observed in 
this model does not fully reproduce the physiological 
responses to aging.

Funding: Work supported by FCT, IP, Portugal. 
Grants: UIDB/04046/2020 and UIDP/04046/2020 Bio-
ISI; FCT/POCTI PTDC/SAUPUB/28311/2017 EPIRaft. 
Contract Norma Transitória – DL57/2016/CP1479/
CT0044. M. Gil was in receipt of Erasmus+ fellowship.

STIM2 REGULATES NMDAR ENDOCYTOSIS  
AFTER ITS OVERACTIVATION
Karolina Serwach*, Barbara Zablocka, 
Joanna Gruszczynska‑Biegala
Molecular Biology Unit, Mossakowski Medical Research Institute,  
Polish Academy of Sciences, Warsaw, Poland 
*E‑mail: kserwach@imdik.pan.pl

STIMs are calcium (Ca2+) sensors localized in the en-
doplasmic reticulum (ER). They play a role in store‑op-

erated Ca2+ Entry (SOCE), which is described as Ca2+ 
influx in response to the ER Ca2+ store depletion. While 
the main function of STIM1 is to contribute to SOCE, 
STIM2 is considered to be the basal Ca2+ level regulator. 
Apart from the participation in SOCE, STIMs also per-
form non‑canonical functions, for instance, regulation 
of Ca2+ influx via NMDARs. Since Ca2+ overload and 
NMDAR over‑activation are hallmarks of many neuro-
degenerative diseases, we aimed to investigate wheth-
er STIMs may also regulate NMDAR endocytosis and 
thus protect neurons from Ca2+ overload. Co‑immu-
noprecipitation and immunofluorescence experiments 
showed that the formation of STIM‑NMDAR complex-
es increased after NMDAR endocytosis. Although STIM 
silencing with lentiviruses did not affect total NMDAR 
counts, by examining surface proteins and synapto-
somes we observed that STIM2 knockdown reduced 
NMDAR endocytosis. Our results may suggest that 
STIM2 (but not STIM1) may take part in the regulation 
of NMDAR endocytosis. Further studies are needed to 
understand the mechanism underlying this regulation, 
which could contribute to a  better understanding of 
neurodegenerative diseases in the future.

Funding: The study is supported by funds from the 
National Science Centre 2017/26/E/NZ3/01144 to J.G‑B 
and ESF, POWR.03.02.00‑00‑I028/17‑00 to KS.

EXTRACELLULAR SIGNAL‑REGULATED KINASE 
1 (ERK1)‑MEDIATED PHOSPHORYLATION OF 
VOLTAGE‑DEPENDENT ANION CHANNEL (VDAC) 
SUPPRESSES ITS CONDUCTANCE
Shumaila Iqbal Siddiqui*, Chetan Malik, Subhendu Ghosh 
Department of Biophysics, University of Delhi South Campus, New Delhi, India 
*E‑mail: shumailaiqbalsiddiqui@gmail.com

ERK1 is one of the members of the mitogen‑activated 
protein kinases that regulate important cellular func-
tions. VDAC is located at the outer membrane of mito-
chondria. Here, an interaction between VDAC and ERK1 
has been studied on an artificial planar lipid bilayer us-
ing in vitro electrophysiology experiments. We report 
that VDAC is phosphorylated by ERK1 in the presence of 
Mg2+‑ATP and its single‑channel currents are inhibited 
on the artificial bilayer membrane. Treatment of Alka-
line phosphatase on ERK1 phosphorylated VDAC leads 
to partial recovery of the single‑channel VDAC currents. 
Later, phosphorylation of VDAC was demonstrated by 
Pro‑Q diamond dye. Mass Spectrometric studies indicate 
phosphorylation of VDAC at Threonine 33, Threonine 55, 
and Serine 35. In a  nutshell, phosphorylation of VDAC 
leads to the closure of the channel.

Funding: ICMR‑SRF (Grant no 45/29/2019‑BIO/
BMS).
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POLYMERS IN THE SERVICE OF NEUROSCIENCE
Sylwia Golba*, Justyna Jurek‑Suliga
Institute of Materials Engineering, Silesian University in Katowice, Chorzow, 
Poland  
*E‑mail: sylwia.golba@us.edu.pl

Nowadays among many available methods, nerve tis-
sue engineering (NTE) is one of the applicable methods 
to reconstruct damaged nerve tissues. The crucial ele-
ment of the effective medical system is apllied material. 
Conducting polymers are promising materials for tissue 
engineering applications, which results from their in-
herent ability to enable charge carriers movements. Ow-
ing to their electrical activity and reversible doping pro-
cess they can transmit electrical and mechanical stimuli. 
Moreover they provide a biocompatible scaffold that can 
serve as physical support for living cells. The aim of the 
study was to determine the possibility of polymeriza-
tion of pyrrole to deposit layers that could be utilized as 
functional wires to replace damaged nerves. In the work, 
several aspects of materials for bioelectronics applica-
tions are considered and discussed. These are synthesis 
protocols, oxidation state, chemical and mechanical sta-
bility to mention only a few. Moreover, insight into me-
chanical properties like scratch resistivity or adhesion 
ability are discussed, which are crucial for perspective 
coating application. 

Funding: Own founds of the Institute of Materials 
Engineering, US.

METACOGNITION AND COGNITIVE CONTROL: 
CONSCIOUS ERROR DETECTION IN CONFLICT 
CONDITIONS
Patryk Guzda*, Aleksandra Gruszka‑Gosiewska 
Department of Experimental Psychology, Jagiellonian University, Poland 
*E‑mail: Patryk.guzda@doctoral.uj.edu.pl

Cognitive control consists of many processes that 
collectively lead to the planning and coordinating of 
human behavior to achieve the goal. Similarly, meta-
cognitive processes include knowledge and cognitive 
processes that monitor or control human cognition. 
Previous studies have shown the importance of meta-
cognitive processes in mental adaptation. However, the 
impact of congruence on the ability to consciously de-
tect errors remains poorly understood. In the current 
study (n=34), we used the modified Stroop task with 
a  confidence scale to investigate the relationship be-
tween cognitive adaptation and the ability to detect er-
rors consciously. We distinguish between inducer items 
that trigger adaptive control and diagnostic items that 
measure the effects of adaptive control on performance 
to minimize confounds related to low‑level learning. 

We performed a  two‑way repeated measure ANOVA 
testing the impact of congruence and congruence in 
the preceding trial on the accuracy for trials where 
subjects were confident they had responded correctly. 
The results show a  significant and robust interaction 
effect. These results indicate that metacognitive pro-
cesses (error detection) adapt to current circumstanc-
es, such as the presence of a conflict. We conclude that 
the ability to detect errors in conflict conditions con-
sciously depends on earlier detection of the conflict.

GETTING READY FOR ACTION! 
RESPONSE REQUIREMENTS MODULATE 
OSCILLATORY DYNAMICS UNDERLYING 
ANTICIPATORY ATTENTION
Bartłomiej Panek1,2*, Marta Bartoszek1,2,  
Rob van der Lubbe2,3, Dariusz Asanowicz1

1Institute of Psychology, Jagiellonian University, Krakow, Poland, 2Faculty of 
Physics, Adam Mickiewicz University, Poznan, Poland, 3Faculty of Behavior, 
Management and Social Sciences, University of Twente, The Netherlands 
*E‑mail: pnk.bartlomiej@gmail.com

It has been argued that specific response require-
ments concerning a to‑be‑selected object may influence 
attentional processes. Brain oscillations reflected in the 
electroencephalogram (EEG) may provide important in-
sight into processes underlying such action‑attention 
functional relations. In this study, we employed two 
versions of an endogenous orienting task with symbol-
ic spatial cues: a stimulus detection task with no‑choice 
responses, and a  stimulus discrimination task with 
two‑choice responses. The analysis was focused on EEG 
activity during an anticipatory stage of spatial orienting. 
Dominant sources of oscillatory activity in frontal, mo-
tor, and visual areas were assessed with the generalized 
eigendecomposition (GED). Phase coherence between 
these sources was computed as a  measure of function-
al connectivity. The EEG power results showed: stronger 
desynchronization of alpha power over visual areas con-
tralateral‑to‑attended space in the discrimination task; 
earlier response selection in the detection task reflected 
in beta desynchronization over motor regions. The con-
nectivity results showed task differences in terms of the 
strength of phase coherence across parietal‑visual con-
nections in alfa‑band ipsilaterally‑to‑attended space, 
and the number of significant connections in alpha band 
over frontal‑parietal network The obtained results sug-
gest that action demands shape attentional processes in 
terms of both local oscillatory activity and inter‑region-
al connectivity.

Funding: This work was supported by grant 
2019/33/B/HS6/0009 awarded from the National Sci-
ence Centre of Poland.
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ELECTROPHYSIOLOGICAL CORRELATES OF 
AUDITORY AND VISUAL AWARENESS: IN SEARCH 
FOR DOMAIN‑SPECIFIC AND DOMAIN‑GENERAL 
MECHANISMS OF CONSCIOUS PERCEPTION
Kinga Ciupińska1,2*, Wiktoria Jakubowska1,2, Laura Łępa1,2, 
Marcin Koculak1, Michał Bola2, Michał Wierzchoń1 
1Consciousness Lab, Institute of Psychology, Jagiellonian University, Krakow, 
Poland, 2Laboratory of Brain Imaging, Nencki Institute of Experimental Biology  
of Polish Academy of Sciences, Warsaw, Poland 
*E‑mail: kinga.ciupinska@doctoral.uj.edu.pl

The ongoing debate as to whether neural correlates 
of consciousness (NCCs) are related to early activity 
in sensory‑specific cortical regions or to late activi-
ty in higher‑order brain regions remains unresolved. 
We propose a  more general approach investigating 
domain‑specific and domain‑general mechanisms in-
volved in conscious perception, that may confound 
NCCs research. We investigated the relationship be-
tween electrophysiological correlates of visual and 
auditory awareness by conducting two experiments. 
Visual (Gabor patch presented in the centre of the vi-
sual field) and auditory (simple tone presented binau-
rally) stimuli were presented at individual thresholds 
(staircased – critical trials). Additionally, control trials 
(containing a  stimulus presented above the calibrat-
ed threshold level) and catch trials (no tone or Gabor 
patch) were presented. In every trial, participants 
performed an objective detection task and rated their 
subjective perception using the PAS. Behavioral results 
suggest that subjective judgments are more multimod-
al – a similar PAS ratings distribution was observed in 
both modalities. The objective task performance de-
pends more on the modality – despite the staircase, we 
observed higher accuracy for the auditory than for the 
visual task. ERPs results are under analyses and will be 
presented at the conference. We will focus on the dif-
ferences in VAN/AAN and P300 components between 
modalities.

Funding: This study was funded by a  the National 
Science Centre Poland grant (grant number 2019/35/N/
HS6/02150).

FOREST BEFORE TREES, OR TREES BEFORE 
FOREST? TEMPORAL HIERARCHY OF GIST 
AND OBJECT RECOGNITION IN SCENES 
Natalia Rutkowska*, Michał Bola
Laboratory of Brain Imaging, Nencki Institute of Experimental Biology,  
Warsaw, Poland 
*E‑mail: n.rutkowska@nencki.edu.pl

How does the representation of a  scene develop 
over time? It is well established that gist and gener-

al meaning of a scene can be recognized rapidly, but 
recognition of objects can also be extremely fast. Im-
portantly, because previous studies focused on rec-
ognition of one aspect only – either gists or objects 
– direct comparisons between them, crucial to eluci-
date the temporal hierarchy of scene perception, are 
missing. To fill this gap we investigated and direct-
ly compared recognition speed of backgrounds and 
objects in scenes. We used images depicting either 
a  natural or a  man‑made background and a  single 
natural (animal) or man‑made (furniture) foreground 
object, combined in congruent or incongruent ways. 
Scene images were displayed briefly (67 ms) and par-
ticipants (n=31) performed four blocks of a  speeded 
Go/no‑Go task. In two blocks they classified back-
grounds (in one natural was a  target and man‑made 
a  distractor, in the other vice versa), while in the 
other two they classified objects. We found that both 
reaction‑times and event‑related potential latencies 
were shorter for objects as relative to backgrounds. 
Therefore, our study indicates that the visual system 
can classify local objects before global gist, providing 
further evidence in favor of the local‑to‑global theo-
ries.

Funding: 2018/29/B/HS6/02152.

MOTOR ACTION INFLUENCE ON 
VISUAL AWARENESS
Michał Wierzbicki1*, Piotr Styrkowiec1, Michał Wierzchoń2

1Institute of Psychology, University of Wroclaw, Wroclaw, Poland, 2Consciousness 
Lab, Psychology Institute, Jagiellonian University, Krakow, Poland 
*E‑mail: emwierzbicki@gmail.com

The relation between motor actions and visual 
awareness has recently gained a significant interest. 
The study investigated how unrelated to presented 
stimuli motor action influenced perception of that 
stimuli. The experiment used a  backward masking 
paradigm in which a  visual cue prompting motor 
action execution or inhibition was presented imme-
diately after the stimulus displayed for perceptual 
discrimination task. After the motor response par-
ticipants rated their visual awareness of the stimulus 
using the Perceptual Awareness Scale and performed 
a discrimination task. The results showed that motor 
action inhibition increased both the stimulus aware-
ness ratings and the accuracy performance in the 
discrimination task as compared to the condition of 
motor action execution. Obtained results suggest that 
the inhibition of motor action influences the visual 
awareness in a greater extent than motor action ex-
ecution, although this effect requires additional ver-
ification.
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SENSORY MODALITY DEFINES THE RELATION 
BETWEEN EEG LEMPEL‑ZIV DIVERSITY AND 
MEANINGFULNESS OF A STIMULUS
Paweł Orłowski*, Michał Bola
Laboratory of Brain Imaging, Nencki Institute of Experimental Biology of Polish 
Academy of Sciences, Warsaw, Poland  
*E‑mail: p.orlowski@nencki.edu.pl

Diversity of brain activity is a robust neural correlate 
of the global states of consciousness. It has been recent-
ly proposed that diversity measures specifically reflect 
richness and differentiation of conscious experience. In 
line, previous studies found that perception of mean-
ingful visual stimuli, causing richer and more differen-
tiated experiences, caused greater brain signal diversity 
than perception of meaningless stimuli. To investigate 
whether this relation is consistent across sensory mo-
dalities we used naturalistic visual and auditory stimuli 
(movies and audiobooks) and presented them to partic-
ipants in three versions varying in the amount of mean-
ing (original, scrambled, and noise) while recording EEG 
signals. We report three main findings. First, greater 
meaningfulness of the visual stimulus was related with 
higher Lempel‑Ziv diversity of EEG signals, but a reverse 
effect was found in the auditory modality. Second, vi-
sual perception was related with generally higher EEG 
diversity than auditory perception. Third and relatedly, 
perception of meaningful visual stimuli resulted in high-
er, while perception of auditory stimuli in lower EEG di-
versity in comparison to the resting‑state. In conclusion, 
brain signal diversity depends on the stimulated sensory 
modality, and thus is not a generic index of the richness 
and differentiation of conscious experience.

Funding: This project is financed by the Ministry 
of Education and Science; Diamentowy grant [DI2018 
006448].

DISENTANGLING EEG CORRELATES 
OF CONSCIOUSNESS AND ATTENTION. 
THE EFFECTS OF CUEING ON DETECTION, 
IDENTIFICATION AND ERPS
Wiktoria Jakubowska1,2*, Kinga Ciupińska1,2, 
Aleksander Zębrowski2, Marcin Koculak1, Laura Łępa1,2, 
Michał Wierzchoń1, Michał Bola2 
1DC‑Lab, Institute of Psychology, Jagiellonian University, Krakow, Poland, 
2Laboratory of Brain Imaging, Nencki Institute of Experimental Biology, 
Polish Academy of Sciences, Warsaw, Poland  
*E‑mail: jakubowska.wiktoria95@gmail.com

It is relatively uncommon to employ precise atten-
tional manipulations into consciousness research to 
investigate whether those manipulations change con-
scious experience. Therefore, the present work is to 

examine whether the activation of orienting and alert-
ing attentional networks might influence its level. To 
achieve this goal, an experiment utilizing the thresh-
old presentation of Gabor patches combined with the 
Posner cueing paradigm was conducted (N=100). The 
attentional cue was a black star. The experiment con-
sisted of four cue conditions: location cue (always pre-
dictive to the target), central cue (presented at the 
fixation cross location), multiple cue (stars appeared 
simultaneously in four possible target locations) and 
no‑cue. After the cue presentation, the Gabor patch tar-
get was presented in one out of four possible locations 
and in one of four possible orientations (of the stripes’ 
tilt). Subsequently, participants were asked what was 
the target location (detection task) and orientation 
(identification task). Finally, participants were asked 
to give a  PAS rating a  subjective awareness measure. 
The results show that the most pronounced attention-
al effects occur with the lowest visibility judgments 
(when participants claim they do not see any stimuli). 
Both attentional networks exert influence on objective 
and subjective performance. The orienting network, 
however, influences PAS ratings more in the detection 
task, rather than the identification task. Further anal-
yses will be performed on EEG data to investigate how 
these effects are reflected on the neural level. We plan 
to focus on changes in VAN and P300 components be-
tween attentional networks. 

SILENT MOVIES SYNCHRONIZE SECONDARY 
AUDITORY CORTICES MORE IN EARLY DEAF 
THAN HEARING INDIVIDUALS
Maria Zimmermann1*, Rhodri Cusack2,  
Marina Bedny3, Marcin Szwed1

1Institute of Psychology, Jagiellonian University, Krakow, Poland,  
2Trinity Research in Childhood Centre, Trinity College Dublin, Ireland,  
3Department of Psychological & Brain Sciences, Johns Hopkins  
University, Baltimore, US 
*E‑mail: mzf.zimmermann@gmail.com

The auditory cortex of deaf individuals responds 
to a  range of visual tasks. Still, the nature and extent 
of this repurposing is not well understood. Here natu-
ralistic stimuli were used to elicit neural synchrony in 
early deaf (n=21) and hearing individuals (n=22). Par-
ticipants passively watched an animated movie (The 
Triplets of Belleville) without sound and three distort-
ed versions of the same film that disrupted its meaning: 
two temporal piecewise‑scrambled versions lacking 
a  coherent plot (12  s and 2  s scrambled) and one vi-
sually distorted (diffeomorphic) lacking any meaning. 
In both groups, early visual cortices were synchronized 
to a  similar degree across stimulus types, while high-
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er‑cognitive areas (e.g., precuneus, superior parietal 
lobule and prefrontal cortex) were more synchronized 
by the intact, meaningful version of the movie. Second-
ary auditory cortices, along the extent of the superi-
or temporal sulcus (STS), exhibited higher synchrony 
in deaf than in hearing participants across all stimu-
lus types, with larger effects in the right hemisphere 
and little synchrony in A1. Meaningful stimulus elic-
ited a  significantly higher STS synchronization across 
deaf individuals than all three scrambled conditions. In 
the absence of early auditory experience, the STS is en-
gaged by meaningful visual narratives.

Funding: Supported by the National Science Centre 
Poland Grant 2018/30/A/HS6/00595.

THE IMPACT OF SENSORY SUBSTITUTION 
DEVICES ON BRAIN PLASTICITY OF THE BLIND 
INDIVIDUALS: A CASE STUDY
Katarzyna Hat1,2*, Maksymilian Korczyk3, Paweł Gwiaździński1,5, 
Marta Łukowska1,4, Weronika Kałwak1,6, Justyna Janik1, 
Marcin Szwed3, Michał Wierzchoń1,2 
1Consciousness Lab, Institute of Psychology, Jagiellonian University,  
Krakow, Poland, 2Centre for Brain Research, Jagiellonian University,  
Krakow, Poland, 3Institute of Psychology, Jagiellonian University,  
Krakow, Poland, 4Trauma, Health and Eating Lab, Institute of Psychology, 
University of Silesia in Katowice, Poland, 5#webimmunization, Department  
of Philosophy and Bioethics, Faculty of Health Sciences, Jagiellonian University 
Medical College, 6Qualitative Research Lab, Institute of Psychology,  
Jagiellonian University, Krakow, Poland 
*E‑mail: katarzyna.hat@doctoral.uj.edu.pl

Sensory substitution devices (SSDs) can translate 
information from one kind of sensory input to anoth-
er, e.g., present visual information through sound or 
touch. Recent studies show the superior ability of the 
congenitally blind to use such devices to navigate new 
environments and detect the size and shape of objects. 
Here, we investigated how prolongated training with 
SSDs can influence the brain of a blind individual. Four 
blind adults participated in four‑week training with two 
SSDs: BrainPort (transforming visual information into 
tactile), and Colorophone (transforming visual infor-
mation about colours into auditory). Additionally, they 
participated in two MRI scans, pre‑ and post‑training, 
where we acquired resting‑state and task‑based fMRI 
data. During task‑fMRI participants listened to sounds 
representing colour information in the Colorophone, 
i.e., sounds that they have become familiar with during 
training‑phase. After training with SSDs, fMRI results 
showed increased activation in the motor cortex (pre-
central gyrus and postcentral gyrus) and the right su-
perior temporal gyrus. Moreover, the resting state fMRI 
analyses suggest increased functional connectivity be-
tween the temporal lobe and motor cortex. These re-

sults, although shown in an explanatory manner, are 
consistent with the nature of training and suggest de-
velopment of sensorimotor contingencies as a result of 
the training.

TUBEROUS SCLEROSIS COMPLEX  
IS ASSOCIATED WITH DIMINISHED  
NEURAL RESPONSE TO AFFECTIVE TOUCH
Emilia Kolada1*, Krzysztof Bielski1,2, Jakub 
Zubko3, Krzysztof Sadowski3, Iwona Szatkowska1, 
Katarzyna Kotulska‑Jóźwiak3, Ewelina Knapska1

1Laboratory of Emotions Neurobiology, BRAINCITY – Centre of Excellence for 
Neural Plasticity and Brain Disorders, Nencki Institute of Experimental Biology, 
Polish Academy of Sciences, Warsaw, Poland, 2Neuroeconomics Research Group, 
Institute of Psychology, Faculty of Philosophy, Jagiellonian University, Cracow, 
Poland, 3Department of Neurology and Epileptology, The Children’s Memorial 
Health Institute, Warsaw, Poland 
*E‑mail: e.kolada@nencki.edu.pl

Tuberous sclerosis complex (TSC) is a  rare genetic 
disease with a high risk for developing autism spectrum 
disorder (ASD). Deviations in several brain functions are 
implicated in both TSC and ASD. For the first time, we 
explored whether altered processing of affective touch, 
related to ASD, can also be observed in TSC patients with-
out ASD symptoms. Three groups of children, patients 
with TSC and ASD (n=10), patients with TSC without ASD 
(n=10) and typically developing children (TD, n=20), par-
ticipated in the fMRI study. The participants were gen-
tly struck with a soft brush on the arm and palm, which 
are associated with affective and non‑affective touch, 
respectively. Contrasting the BOLD response to affective 
versus non‑affective touch revealed activation within 
the orbitofrontal cortex (OFC) in the TD group, while no 
suprathreshold activation was observed in TSC groups. 
As the OFC is involved in affective touch processing, the 
results showed that TSC is related to diminished neural 
response to affective touch, regardless of ASD diagnosis. 
This further suggests that TSC can be an attractive mod-
el to study autistic traits.

Funding: ‘BRAINCITY – Centre of Excellence for 
Neural Plasticity and Brain Disorders’ from the Polish 
Science Foundation (MAB 2).

THE NEURAL CORRELATES OF SPATIAL  
SOUND LOCALIZATION BASED ON THE 
PRESTIMULUS OSCILLATORY BRAIN  
ACTIVITY IN COCHLEAR IMPLANT USERS
Karolina Z. Poczopko1*, Yiwen Li H.2, Righetti G.2

1Graduate Training Centre of Neuroscience, International Max Planck Research 
School, University of Tübingen, Germany, 2MEG – Center, Tübingen University 
Hospital, Germany 
*E‑mail: karolina.zofia.poczopko@gmail.com
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The ability to locate the source of a sound is crit-
ical for survival. Thanks to spatial hearing it is pos-
sible to distinguish among different sound sources in 
complex acoustic environments. Consequently, im-
pairments and loss of hearing affect orientation in 
space, and communication. This study aimed to in-
vestigate the role of prestimulus oscillatory activity 
in spatial sound localization. The oscillatory brain 
activity in cochlear implant users had been record-
ed during the performance of a  specially designed 
sound localization task. The prestimulus power spec-
trum had been computed between trials, where spa-
tial sound localization task was performed correctly 
and those in which subjects failed to indicate the cor-
rect sound’s source. To provide anatomical specifici-
ty, the source analysis was conducted, employing the 
beamforming method. Sensor level statistics showed 
no significant differences in power spectra. However, 
source analysis revealed several significant unilater-
al brain areas correlating with the ability to localise 
sound in space, i.e., the precuneus, postcentral gy-
rus, cingulate cortex, posterior parietal cortex, at 
4 Hz. It can be reasonably assumed that these corti-
cal regions are crucial for spatial sound localization 
performance. Moreover, found unilaterality stresses 
out the importance of the right hemisphere in spatial 
sound localization.

40 HZ AUDITORY STEADY‑STATE  
RESPONSES AS POTENTIAL BIOMARKER  
OF AWARENESS IN THE PROLONGED  
DISORDERS OF CONSCIOUSNESS
Małgorzata Król*, Marek Binder
Institute of Psychology, Jagiellonian University, Krakow, Poland 
*E‑mail: gosiakrrol13.krol@student.uj.edu.pl

We used the auditory steady‑state responses 
(ASSR) method with 40  Hz frequency modulation to 
verify whether it can be used as a diagnostic indicator 
in determining the level of consciousness in patients 
with prolonged disorders of consciousness (pDoC) 
after severe brain injury. The clinical group includ-
ed 44 pDoC patients whose diagnosis was based on 
repeated administration of Coma Recovery Scale‑Re-
vised (CRS‑R), and was split based on the symptoms 
of awareness. The control group included 20 healthy 
volunteers. To induce ASSRs, 40  Hz stimulation was 
used with multiple presentations of short 500 ms long 
series of a white‑noise bursts (‘clicks’) with frequency 
modulation of 40 Hz. The ITPC (inter‑trial phase clus-
tering) indicator was used as a  measure of ASSR re-
sponse. We found significant differences in the mean 
ASSR 40  Hz response between the groups of aware 

pDoC patients, unaware patients, and the control 
group. Positive correlations between ASSR 40 Hz and 
the patient’s best total CRS‑R score as well auditory, 
visual, motor, oromotor‑verbal functions, and com-
munication subscale best scores were also observed. 
Research indicates a  potential role of the auditory 
40  Hz steady‑state responses as a  biomarker of con-
sciousness in the process of diagnosing the level of 
consciousness of pDoC patients.

Funding: OPUS16 project financed by the Pol-
ish National Science Centre under the award number 
2018/31/B/HS6/03920.

THE SELF AND A CLOSE‑OTHER:  
HOW DO PROCESSING OF FACES  
AND NEWLY ACQUIRED  
INFORMATION DIFFER?
Anna Żochowska1*, Paweł Jakuszyk2, Maria Nowicka1, 
Anna Nowicka1

1Laboratory of Language Neurobiology, Nencki Institute of Experimental  
Biology, Polish Academy of Sciences, Warsaw, Poland, 2Laboratory of Brain 
Imaging, Nencki Institute of Experimental Biology, Polish Academy of Sciences, 
Warsaw, Poland 
*E‑mail: a.zochowska@nencki.edu.pl

Self‑related information (e.g., self‑face) are pref-
erentially processed and this phenomenon may be 
driven by its extreme familiarity. However, the find-
ings of numerous behavioral studies reported a  self‑ 
preference for initially unfamiliar information, ar-
bitrarily associated with the self. In this study, the 
neural underpinnings of extremely familiar stimuli 
(self‑face, close‑other’s face) and stimuli newly as-
signed to one’s own person and to a close‑other (ab-
stract shapes) were investigated. Control conditions 
consisted of unknown faces and unknown abstract 
shapes. P3 amplitude to the self‑ face was larger than 
to close‑other’s and unknown faces. Nonparametric 
cluster‑based permutation tests showed significant 
clusters for the self‑face vs. close‑other’s face and 
self‑ face vs. unknown faces comparisons. Neverthe-
less, in the case of shapes P3 amplitude to the self‑as-
signed shape and P3 amplitude to the shape assigned 
to the close‑other were similar, and both were larger 
than P3 to unknown shapes. No cluster was detect-
ed for the self‑ assigned shape when compared with 
the shape assigned to the close‑other. We suggest this 
lack of differences may be mainly driven by similar 
attentional biases to self‑assigned shapes and shapes 
assigned to the close‑other.

Funding: This study was funded by the Nation-
al Science Centre Poland, grant number 2018/31/B/
HS6/00461 awarded to Anna Nowicka.
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PRE‑STIMULUS Α POWER PREDICTS BOTH 
OBJECTIVE TASK ACCURACY AND SUBJECTIVE 
PERCEPTUAL AWARENESS
Aleksander Zębrowski1*, Laura Łępa1,2, Kinga Ciupińska2, 
Wiktoria Jakubowska2, Marcin Koculak2, Michał Wierzchoń2, 
Michał Bola1

1Laboratory of Brain Imaging, Nencki Institute of Experimental Biology, 
Polish Academy of Sciences, Warsaw, Poland, 2C‑Lab, Institute of Psychology, 
Jagiellonian University, Krakow, Poland 
*E‑mail: a.zebrowski@nencki.edu.pl

Previous research has consistently shown that the 
power of spontaneous alpha‑band oscillations (7‑14 Hz) 
directly preceding a visual stimulus predicts whether it 
will be perceived or not. However, given that objective 
task performance and subjective conscious experience 
may be dissociated, it is not clear how alpha oscilla-
tions affect these two aspects of perception. To address 
this question we conducted three experiments (total 
n=320) in which stimuli were presented at individual 
thresholds with different complexity of stimulus. In 
every trial, participants performed an objective identi-
fication task and rated their subjective perception us-
ing the Perceptual Awareness Scale (PAS). Impact of the 
pre‑stimulus alpha power on tasks performance and 
subjective experience was modeled on a  single‑trial 
level. Analysis of data from the two Gabor patch experi-
ments indicate that high pre‑stimulus alpha‑power was 
related to worse accuracy in the identification task, 
and to lower PAS ratings (i.e., weaker subjective aware-
ness). Importantly, we found the effects of accuracy and 
alpha‑power on the PAS to be independent. In conclu-
sion, by testing a big sample of participants, employing 
stimuli of varying complexity, and different methods 
of controlling awareness we revealed that pre‑stimulus 
alpha‑band power is robustly related to both objective 
task performance and subjective awareness.

STRIATAL ACTIVITY FLUCTUATIONS AFFECT 
SUBSEQUENT SELF‑CONTROL DECISION MAKING
Jakub Skałbania1,2*, Łukasz Tanajewski2, Marcin Furtak3, 
Marek Wypych3

1Interdisciplinary Doctoral School, University of Warsaw, Warsaw, Poland, 
2Department of Economics, Kozminski University, Warsaw, Poland, 3Laboratory 
of Brain Imaging, Nencki Institute of Experimental Biology, Polish Academy of 
Sciences, Warsaw, Poland 
*E‑mail: j.skalbania@uw.edu.pl

The brain activity directly related to the decision 
making process has been studied extensively. Only 
a  few studies showed that the reward system activity 
preceding choice affects decision making. However, no 
similar studies on such activity fluctuations (endoge-

nous or driven by external stimuli) in the context of 
self‑control decision making have been conducted. To 
fill the gap, we studied how the fluctuations in stria-
tal activity (essential to the reward system) influence 
subsequent dietary self‑control. We checked whether 
striatum activity prior to food choice (≤ 3000  ms) af-
fects the probability of successful self‑control and the 
self‑control decision strength (assumed to be greater 
for faster successful and for slower failed self‑control 
decisions). Thirty‑six participants rated the healthi-
ness and tastiness of foods. In the fMRI scanner, they 
made 120 choices with self‑control challenges (health-
ier versus tastier foods). Our analysis revealed higher 
putamen activity prior to the choices with successful 
self‑control as compared to the activity prior to failed 
self‑control. Moreover, we showed correlation of the 
pre‑choice putamen activity with the self‑control de-
cision strength. Our findings suggest that self‑control 
performance is influenced by the preceding striatum 
activity. Spontaneous fluctuations in striatal activity 
may be one of the mechanisms underlying inconsisten-
cies in human decisions.

Funding: The study was supported by Polish Na-
tional Science Centre, grant ‘Cognitive resources and 
self‑control of impulses: a  neuroeconomic approach’ 
(No. 2017/26/D/HS6/01157). Principal Investigator: 
Łukasz Tanajewski. 

THE RELATIONSHIP BETWEEN TEMPORAL 
INFORMATION PROCESSING IN MILLISECOND 
RANGE AND EXECUTIVE FUNCTION IN YOUNG 
NORMAL ADULTS
Magdalena Stanczyk*, Klaudia Krystecka,  
Aneta Szymaszek, Anna Bombinska, Elzbieta Szelag
Laboratory of Neuropsychology, Nencki Institute of Experimental Biology,  
Polish Academy of Science, Warsaw, Poland 
*E‑mail: ma.stanczyk@nencki.edu.pl

A number of data has indicated that temporal in-
formation processing (TIP) constitutes an underpin-
ning for many mental functions, like language, atten-
tion, memory, and planning which may be studied as 
an example of executive function. Efficient planning 
ability involves initial thinking time (ITT) to plan a se-
quence of sub‑goals. As this preplanning strategy is 
cognitively demanding, it may be expected that sub-
jects characterized by more skilled TIP indicate lon-
ger ITT and, in a consequence, the higher accuracy of 
planning ability. The aim of this study was to verify 
whether the relation between TIP in some tense of 
milliseconds and planning is mediated by such ITT. 
110 young, healthy adults (Mage=23 years) participat-
ed in this study. To assess the efficiency of TIP and 
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planning ability, the auditory temporal‑order judg-
ment task and the Tower of London – Freiburg ver-
sion were applied, respectively. The relations between 
TIP and ITT were tested using mediation analysis. The 
results indicated a  significant direct effect of TIP on 
planning ability, as well as a significant indirect effect 
of such TIP on planning via ITT. These results indicat-
ed that high resolution in millisecond time domain 
may provide a neural base for the efficient executive 
functioning.

Funding: Supported by the National Science Centre, 
Poland, no. 2018/29/B/HS6/02038.

THEORY OF MIND IN TEACHERS – PRELIMINARY 
RESULT FROM A NEUROIMAGING STUDY
Jan Szczypiński*, Marek Wypych, Artur Marchewka
Laboratory of Brain Imaging, Nencki Institute of Experimental Biology  
of Polish Academy of Sciences, Warsaw, Poland 
*E‑mail: j.szczypinski@nencki.edu.pl

In all social interactions, we rely on our exceptional 
ability to understand the minds of others. This ability 
is the theory of mind (TOM), which allows understand-
ing emotions, beliefs, desires, goals, and intentions of 
others. Most studies concerning TOM focus on children 
or clinical populations. The teacher‑child relationship 
is thought to be crucial in education and it is related 
to students’ academic achievements and classroom 
behavior. Thus, here we focused on TOM abilities in 
a  group of primary school teachers. We tested differ-
ences between teachers (TC) and a control group (C) in 
TOM abilities in relation to children and adults. We de-
signed a false‑belief task with stories regarding adults 
and children respectively. At the behavioral level there 
were no between‑group differences in accuracy. At the 
neuronal level, we observed a  decreased activation in 
the left inferior frontal gyrus and superior temporal 
sulcus in the TC group, in children stories compared to 
adult stories. The opposite was observed in the C group. 
Lower activity in TOM network in teachers, during 
child story condition may correspond to work‑relat-
ed specialization. The results are still preliminary and 
should be treated with caution.

Funding: The study was supported by the Nation-
al Science Centre, grant PRELUDIUM (2019/33/N/
HS6/02127, awarded to Jan Szczypiński).

AMBIGUITY OF THE TOWER TASKS
Olgierd Borowiecki*
Academia Rerum Socialium, Faculty of Philosophy and Social Sciences,  
Nicolaus Copernicus University, Toruń, Poland  
*E‑mail: olgierd.borowiecki@gmail.com

Tower tasks (TT) are often used as tests for planning 
and recursive problem solving. They are also used as 
examples of so‑called cognitive skills. However, plural-
ity of versions of TT and difficulties in operationalisa-
tion of planning and counterfactual thinking makes us-
ing TT difficult. The aim of this presentation is to show 
the results of meta‑analysis performed on research pa-
pers reporting the results of studies conducted on neu-
rodegenerative patients with usage of TT. The articles 
were analysed with regards to characteristics of dys-
functions of the patients and version of the TT. Based 
on this analysis, two crucial observations have been 
made. Firstly, plurality of solving strategies implies 
that TT does not always test recursive problem solving 
and planning. Secondly, differences in the structure of 
the problem imply that puzzles which require an equal 
number of movements to solve vary in difficulty. Con-
cluding, these nuances indicate heterogeneity of cogni-
tive functions which are tested with TT. The version of 
the task and arrangement of the initial and goal states 
in a given trial has to be taken into account when as-
sessing abilities of planning and recursive problem 
solving.

Funding: This work has been founded by the Minis-
try of Science and Higher Education as a part of a proj-
ect “Diamond Grant” DI2018 0216 48, financed for years 
2019‑2023.
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