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GENERAL INFORMATION
Venue of the meeting:
o Revivall Hall, HAZU, Opatička 18
o Wickerhauser Hall, School of Medicine, University of Zagreb, Šalata 3
o Croatian Institute for Brain Research (CIBR), School of Medicine, University of Zagreb,
Šalata 12

REGISTRATION AND INFORMATION DESK
Friday, September 20th, 2013
Registration and information:

9.00 - 10.30 h, in front of the Revivall Hall, Opatička 18
13.30 - 15.00 h, in front of the Wickerhauser Hall, Šalata 3

Saturday, September 21st, 2013
Registration and information:

8.30 -9.30 h, CIBR lobby, Šalata 12

REGISTRATION FEE
EARLY (July 29th, 2013)

LATE (from July
30th, 2013)

Society members

200 kn

300 kn

Non-members

400 kn

450 kn

PhD students

100 kn

150 kn

No fee

No fee

100 kn

150 kn

Undergraduate students/
Student neuroscience section
members
Accompanying person

Registration fee includes:
Name badge; Congress material; Active or passive scientific participation and continuous
education credits; Welcome cocktail; Coffee breaks with refreshments; Bus transfer from
Revival Hall to CIBR

POSTER SESSIONS
Posters will be displayed on Friday, 20th September, from 17.15 - 19.00, and Saturday 21st
September, from 9.30 – 11.15, in the hallway of Croatian Institute for Brain Research. We
kindly ask poster presenters to mount their posters according to the following schedule:
posters for Poster Presentation I are to be mounted during Friday, 20th September, and
removed by the end of the Poster Presentation I. Posters scheduled for Poster Presentation II
can be mounted one hour before the start of the poster session on Saturday 21 st September.
Poster authors/presenters should be present at their poster board at the specified time.
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POSTER PRIZE
Poster presentations are important scientific contribution; therefore a poster prize is
established. It is awarded to three best posters out of all 10 poster sessions. The selection will
be done on the basis of scientific merit and clarity of presentation as judged by high-ranking
board made up from three members of the Scientific Committee. The awards will be
announced during the farewell ceremony at Saturday, 21st September 2013.

SOCIAL EVENTS
All participants of the Meeting are cordially invited to join:
o Welcome cocktail which will be held on Friday, September 20th at 13.15 h at the
Revivall Hall, Opatička 18
o Conference dinner for participants of Croatian Pharmacological Society and Croatian
Society for Neuroscience (additional fee), Friday, September 20th at 20.00-21.30 h
o ’The night when brains are glowing’’ - Evening party at Art Gallery Lauba on Friday,
September 20th from 21.30 h (entrance free of charge, does not include consumation
of food and beverages)

DOCUMENTS AND BADGES
Meeting documents should be collected on-site at the registration desk. The participants are
kindly asked to wear the name badges during the Meeting and in the exhibition area.

LANGUAGE
The official language of the meeting will be English and Croatian.

CERTIFICATE OF ATTENDANCE
Certificates of attendance will be distributed after the meeting. Continuous education credits
will be given only to registered participants who made a requirement of CEC at registration
desk.

CELLULAR PHONES AND PAGERS
As a courtesy to all meeting attendees and speakers, cellular phones, pagers and other
electronic devices must be operated in silent/vibrate mode during session. Devices that beep,
ring, etc., are strictly prohibited. Please, do not use cellular phone for conversations in the
lecture halls.

3

4. Croatian Congress of Neuroscience, September 20-21, 2013, Zagreb, Croatia

4

4. Croatian Congress of Neuroscience, September 20-21, 2013, Zagreb, Croatia

INVITED SPEAKERS
o Paško Rakić
Yale University, Department of Neurobiology, 333 Cedar Street, New Haven, USA

o Ante L. Padjen
McGill University, Pharmacology and Therapeutics, McIntyre Medical Building, 3655
Promenade Sir-William-Osler, Montreal, Canada

o Miloš Judaš
School of Medicine, Croatian Institute of Brain Research, University of Zagreb, Šalata
3, 10000 Zagreb, Croatia

o Marijan Klarica
School of Medicine, Department of Pharmacology, University of Zagreb, Šalata 3,
10000 Zagreb, Croatia

o Goran Šimić
School of Medicine, Croatian Institute of Brain Research, University of Zagreb, Šalata
12, 10000 Zagreb, Croatia

o Maja Valić
School of Medicine, Department of Neuroscience, University of Split, Šoltanska 2,
21000 Split

o Srećko Gajović
School of Medicine, Department of Histology and Embriology and Croatian Institute
of Brain Research, University of Zagreb, Šalata 3, 10000 Zagreb, Croatia

o Dinko Mitrečić
School of Medicine, Croatian Institute of Brain Research, University of Zagreb, Šalata
12, 10000 Zagreb, Croatia

o Branka Buković Šošić
Ministry of Agriculture and Forestry, Standing Committee on the Convention on
European Wildlife and Natural Habitats, Ulica grada Vukovara 78, 10000 Zagreb,
Croatia

o Nataša Jovanov Milošević
School of Medicine, Croatian Institute of Brain Research, University of Zagreb, Šalata
12, 10000 Zagreb, Croatia
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PROGRAMME
Friday, September 20th, 2013
Registration 9.00 - 10.30 (Revivall Hall, Opatička 18)
13.30 - 15.00 (School of Medicine, in front of the Wickerhauser Hall, Šalata 3, 2. floor)

I. Opening Ceremony - Revival Hall, HAZU
10.30 - 11.15 Introductory remarks of CSfN president
Welcome address of President of the Croatian Academy of Sciences and Arts
Ceremonial presentation of CSfN award for contribution to foundation of
Croatian Institute for Brain Research to Slaven Letica, and award for
contribution to development of neuroscience in Croatia to Paško Rakić
11.15 - 11.30 Music intermezzo - Lege Artis medical students choir
11.30 - 12.30 Presidential lecture
Paško Rakić: NEURONAL MIGRATION AND BRAIN MAP FORMATION
12.35 - 13.05 International Brain Research Organisation representative special lecture
Ante Padjen: SCIENCE AND/IN SOCIETY
13.15 - 14.00 Opening ceremony cocktail

II. Lectures and poster presentations – School of Medicine
Wickerhauser Hall
15.00 - 15.20 Miloš Judaš: TRANSCRIPTOME OF THE DEVELOPING HUMAN BRAIN CORTEX
15.25 - 15.45 Marijan Klarica: EFFECT OF BODY POSITION ON CEREBROSPINAL FLUID
MOVEMENT AND HYDROSTATIC PRESSURE GRADIENT
15.50 - 16.10 Goran Šimić: FUNCTIONAL NEUROANATOMY OF DEMENTIA SYNDROME
Croatian Institute for Brain Research
16.20 - 16.40 Coffee break with refreshments
16.40 - 17.10 ROUND TABLE
Nataša Jovanov Milošević: „Report on activities of FENS Committee for
Animals in Research (CARE)“ and
Branka Buković Šošić: „Research on Animals following the accession of Croatia
to the European Union“
17.15 - 19.00 Poster presentations and discussions I.

III. Social programme
20.00 - 21.30 Conference dinner (Croatian Pharmacological Society and Croatian Society for
Neuroscience), Art Gallery Lauba, Ulica baruna Filipovića 23a
21.30
"The night when brains are glowing" party, Art Gallery Lauba
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Saturday, September 21st, 2013
Registration: 8.30 - 9.30 (CIBR lobby, Šalata 12)

I. Lectures and posters II
Croatian Institute for Brain Research
09.00 - 10.30 Poster presentations and discussions II.
10.30 - 10.50 Maja Valić: THE EFFECTS OF REPEATED EPISODES OF HYPOXIAS ON
RESPIRATON
10.30 - 10.50 Srećko Gajović: MOLECULAR REGULATION OF INFLAMMATION AND THE
CONSEQUENCES OF ISCHEMIC INJURY IN THE MOUSE BRAIN
11.20 -12.40 Dinko Mitrečić: APPLICATION OF STEM CELL TECHNOLOGY IN STROKE
13.00-13.30

Farewell ceremony and the best posters awards

____________________________________________________________________________

POSTER SESSIONS
Friday, 20th September 2013
P1
Molecular neuroscience
P2
Basic neuroscience
P3
Neurodevelopmental basis of cognitive, mental and neurological disorders
P4
Cerebrospinal pathophysiology
P5
Neuroethics
Saturday, 21st September 2013
P6
Neurodegenerative disorders
P7
Cognitive neuroscience
P8
Clinical neuroscience
P9
Neuropharmacology and pharmacology
P10 Special session
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LIST OF POSTERS
POSTER PRESENTATIONS I.
Friday, September 20th 2013
17.15 - 19.00

P1 Molecular neuroscience
PPO1
The association of GRIK3 polymorphism with alcoholism in the subjects of Croatian origin
Kuzman B., Morić M., Nedić Erjavec G., Nikolac Perković M., Nenadić K., Borovečki F., Mück-Šeler D.,
Pivac N., Švob Štrac D.
PPO2
Long-term changes in expression of calcium/calmodulin-dependent protein kinase II in dorsal root
ganglia neurons of STZ-diabetic rats
Ferhatović L., Jeličić A., Borić M., Banožić A., Sapunar D., Puljak L.
PPO3
Expression of 5HT-related genes after perinatal treatment with 5HT agonists
Blažević S., Zlatar I., Kvestak D., Brizić M., Hranilović D.
PP04
The association of GABA-A receptor alpha2 subunit gene (GABRA2) with alcohol-related suicidal
behaviour
Švob Štrac D., Nedić Erjavec G., Nikolac Perković M., Nenadić Sviglin K., Mück-Šeler D., Pivac N.
PP05
Brain metastases from lung cancer show frequent changes of E-cadherin, APC and beta-catenin
genes
Pećina-Šlaus N., Zeljko M., Kafka A., Tomas D.
PP06
Opioid system genes in alcoholism: A case - control study in Croatian population
Čupić B., Štefulj J., Zapletal E., Matošić A., Bordukalo-Nikšić T., Čičin-Šain L., Gabrilovac J.
PP07
DNA methylation of serotonin receptor 2A gene promoter in control and autistic subjects
Hranilović D., Blažević S., Zill P., Štefulj J.
PP08
Analysis of formalin fixation influence on ganglioside composition of calf brain
Pašalić T., Fabris D., Vukelić Ž.
PP09
Neuronal damage and recovery in the thalamus following traumatic brain injury in the rat
Dolenec P., Pilipović K., Rajič J., Mršić-Pelčić J., Župan G.
PP10
Distribution of complex gangliosides in brains of catfish and perch
Viljetić B., Labak I., Blazetić S., Ivić V., Heffer M.
PP11
Neuroplastin: from neurodevelopment to neurodegeneration
Mlinac K., Gačić M., Ilić K., Jovanov Milošević N., Šimić G., Kalanj Bognar S.
PP12
STAM2 protein, a member of the endosome-associated complex ESCRT-0, is localized in neuronal
nucleus
Čurlin M., Kapuralin K., Mitrečić D., Gajović S.
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PP13
Corticogenesis controlling genes in the brain repair and regeneration after ischemic lesion in the
mouse
Gorup D., Gajović S., De Rocha M.
PP14
Oxidative stress markers in various brain regions of mice on a high cholesterol diet
Dominko K. , Landeka I., Horvat-Knežević A., Benković V., Oršolić N., Đikić D.
PP15
Genetic variants of the dopaminergic system and alcohol dependence and alcohol abuse-related
phenotypes
Nedić Erjavec G., Nenadić Sviglin K., Nikolac Perković M., Mück-Šeler D., Pivac N.

P2 Basic neuroscience
PP16
The role of anesthetics in the phrenic long term facilitation in rats
Pecotić R., Valić M., Pavlinac Dodig I., Carev M., Karanović N., Đogaš Z.
PP17
Differential expression of obesity-related genes in hypothalamus of Wistar-Zagreb 5HT rats
Štefulj J., Kesić M., Čičin-Šain L.
PP18
Nonradial migratory stream from cortical hem during early fetal period in primates
Hladnik A., Jovanov Milošević N., Esclapez M., Petanjek Z.
PP19
Regional differences in dendritic morphology and spine density of striatal medium spiny neurons in
Foxp2 mice
Bičanić I., Bornschein U., Enard W., Hevers W., Paabo S., Petanjek Z.
PP20
Organization of the human hippocampal marginal zone during prenatal development
Vukšić M., Krsnik Ž., Kostović I.
PP21
Sublaminar organization and developmental changes of the marginal zone in the human neocortical
pallium
Krsnik Ž., Vukšić M., Kostović I.
PP22
The changes in ganglioside composition and distribution in the brain of rainbow trout
(Oncorhynchus mykiss) and common carp (Cyprinus carpio) during seasonal adaptation
Pavić V., Has-Schön E., Bogut I., Heffer M.
PP23
Expression of glial cell markers in human foetal Leydig cells
Ježek D.
PP24
Difference in behavioral phenotype between B4Galnt1 knockout and cuprizone induced
demyelination mice
Tot O.K., Mrđenović S., Viljetić B., Degmečić I.V., Bohaček I., Heffer M.
PP25
Natriuretic peptides and bradykinin in mouse ischemic brain injury
Dobrivojević M., Špiranec K., Erjavec I., Gorup D., Habek N., Hirsch J.R., Forssmann W.G., Sinđić A.
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PP26
Alternations in number of calcium-binding striatal and hippocampal parvalbumin and calbindin
D28k interneurons in the brain of St3Gal2, St3Gal3 and double knockout mice
Blažetić S., Viljetić B., Labak I., Balog M., Ivić V., Schnaar R.L., Heffer M.
PP27
Nucleolar protein 2 is expressed in neurons and astrocytes of the adult mouse brain
Kolačević M., Vrsaljko N., Kosi N., Gajović S., Mitrečić D.
PP28
Application of neural stem cells originating from THY1-YFP mouse strain in transplantation
experiments
Alić I., Kosi N., Kapuralin K., Gorup D., Gajović S., Mitrečić D.
PP29
Sleep and addiction in Drosophila: Role of dopamine in the nervous system arousal
Andretić Waldowski R., Greenspan R.

P3 Neurodevelopmental basis of cognitive, mental and neurological disorders
PP30
Effect of perinatal treatment with serotonin agonists on immunological and hematological
parameters in adult rats
Lipovec V., Horvat Knežević A., Erhardt J., Blažević S., Hranilović D.
PP31
Biochemical and pharmacological characterisation of the serotonin transporter (SERT) in primary
trophoblasts of the human placentas
Kesić M., Čičin-Šain L., Desoye G., Wadsack C., Panzenboeck U., Štefulj J.
PP32
Prenatal alcohol exposure influences Notch and Ikaros transcription factors
Paradžik M., Novak S., Mokrović G., Heckel D., Stipić J., Čičin-Šain L., Antica M.
PP33
Role of BMP signaling in pancreas versus liver fate decision
Pongrac I.M., Spagnoli F.M.

P4 Cerebrospinal pathophysiology
PP34
Cerebrospinal fluid (CSF) concentrations of neurotransmitter metabolites as a marker of CSF volume
changes
Maraković J., Chudy D., Klarica M., Orešković D.
PP35
Compensated hyperosmolarity of cerebrospinal fluid and development of hydrocephalus
Klarica M., Miše B., Vladić A., Radoš M., Orešković D.
PP36
Volumetric analysis of cerebrospinal fluid and brain parenchyma in patient with
hydranencephaly and macrocephaly
Radoš M., Mučić-Pucić B., Nikić I., Raguž M., Galkowski V., Mandić D., Orešković D., Klarica M.

P5 Neuroethics
PP37
Implications of advances in neuroscience and technology
Erhardt J.
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POSTER PRESENTATIONS II.
Saturday, September 21st 2013
9.30 - 11.15

P6 Neurodegenerative disorders
PP38
Selective activation of the prefrontal cortex: Preclinical marker for Alzheimer's disease?
Josef Golubić S., Čaklović L., Aine C.J., Stephen J.M., Adair J.C., Knoefel J.M., Supek S.
PP39
Chromosome mis-segregation and aneuploidy including trisomy 21 in neurodegenerative
tauopathies, frontotemporal dementia and Niemann-Pick disease
Granić A., Caneus J., Dickson D., Potter H.
PP40
CSF tau protein phosphorylated at threonine 231 as a potential biomarker of early stages of
Alzheimer’s disease
Babić M., Kustek I., Klepac N., Borovečki F., Hof P.R., Šimić G.
PP41
Alzheimer Croatia – serving people with dementia since 1999
Mimica N., Šimić G., Dajčić M., Treščec-Ivičić m., Dajčić T.

PP42
Inner nuclear membrane protein Asi2 is targeted for proteasomal degradation in the nucleus by the
components of the ERAD pathway
Boban M., Foisner R.
PP43
Polymorphisms of the brain-derived neurotrophic factor and cognitive impairment in patients with
Alzheimer’s disease and mild cognitive impairment
Nikolac Perković M., Borovečki F., Klepac N., Hajnšek S., Mück-Šeler D., Pivac N.

P7 Cognitive neuroscience
PP44
The relationship between sleep habits and academic performance in dental students in Croatia
Lusić L., Valić M., Pecotić R., Peroš K., Đogaš Z.
PP45
Neuromagnetic study of the auditory gating phenomenon
Josef Golubić S., Aine C.J., Stephen J.M., Adair J.C., Knoefel J.E., Supek S.
PP46
Attentional modulation of the M50 gating network
Josef Golubić S., Sušac A., Huonker R., Haueisen J., Supek S.
PP47
Cognitive development related to anthropomethric parameters in preschool children born after
asymmetrical intrauterine growth retardation
Šimić Klarić A., Kolundžić Z., Galić S., Mejaški Bošnjak V.
PP48
Unique, just like everyone else – an experimental study on consistent individual differences in
captive common marmosets (Callithrix jacchus)
Šlipogor, V., Gunhold, T., Tadić, Z., Bugnyar T.
PP49
The lexical feature of imageability in the mental lexicon of people with aphasia
Biočina Z., Čolović N., Erdeljac V., Feldman E., Jelovac T., Masnikosa I., Willer-Gold J.
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PP50
Association between serum 25(OH)D and the risk of cognitive decline in the very old: The Newcastle
85+ study
Granić A., Hill T., Kirkwood T., Davies K., Collerton J., Martin-Ruiz C., von Zglinicki T., Saxby B.K.,
Wesnes W., Collerton D., Mathers J.C., Jagger C.
PP51
Semantic processing in people with nominal and motor aphasia associated with different stimuli:
picture, written or spoken word
Dragojević E., Drča N., Kovač H., Lendić A., Radić I., Rovčanić F., Sekulić M., Munivrana, B., Erdeljac, V.
PP52
Body height and mating strategy – Taller men pursue more short-term relationships
Pavela I., Banai B.
PP53
Performance on verbal fluency and mental rotation task in morning and evening types
Majić M., Šimić N., Gregov Lj.
PP54
The relationship between jealousy and extraversion in men and women
Mlakić T., Šimić N., Nikolić M.
PP55
Changes in the prevalence of EEG waves during performing psychomotor tasks of different
complexity
Nikolić M., Gregov Lj., Proroković A.
PP56
Attention modulates the earliest visual neuromagnetic responses
Sušac A., Josef Golubić S., Bubić A., Huonker R., Gotz T., Haueisen J., Supek S.
PP57
Measuring eye movements during simple equation solving
Sušac A., Bubić A., Kaponja J., Vrbanc A., Planinić M., Palmović M.
PP58
Childhood apraxia of speech – same symptoms, different etiology
Miler I., Blaži D., Zaninović I.
PP59
What is the role of executive functions in language acquisition?
Šimleša, S. , Cepanec, M., Ljubešić, M.
PP60
Masked priming paradigm reveals automatic processes in visual word recognition: An ERP study
Palmović M., Kuvač Kraljević J.,Hržica G., Padovan N., Jerbić A.B.

P8 Clinical neuroscience
PP61
Dyskinetic cerebral palsy in asphyxiated term neonates – the challenge to identify mild lesions
Mejaški Bošnjak V., Kraegeloh-Mann I., Daković I., Marjanović J., Grmoja T.
PP62
Prediction of motor outcome in infants with perinatal brain damage: the role of fidgety movements
assessment
Katušić A., Gagula J.
PP63
Visual problems in premature infants
Alimović S.
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PP64
Schizencephaly exposed at microsurgical operation of congenital Sylvian arachnoid cyst in a pediatric
patient
Gjurašin M., Mejaški Bošnjak V., Petanjek Z., Marjanović J., Grmoja T., Roić G., Popović Lj.
PP65
Voxel – based morphometry in chronic schizophrenia
Ruzić Baršić A., Antulov R., Rubeša G., Miletić D.
PP66
Differences in pain estimation between patients, nurses and doctors
Šprljan Alfirev R., Kordić K., Bačić Baronica K.
PP67
A case of Melkersson-Rosenthal syndrome associated with oligodontia in 15 years old girl
Krakar G., Marn B., Pustišek N., Ulamec M., Gojmerac T., Mejaški Bošnjak V.
PP68
Physiology of chronic spinal pain syndromes
Branko Uhoda
PP69
Functional reorganization of the primary motor cortex in a patient with a large arteriovenous
malformation
Radoš M., Nikić I., Radoš M., Kostović I., Hof P.R., Šimić G.

P9 Neuropharmacology and pharmacology
PP70
Effect of chronic fluoxetine treatment on serotonin transporter density in the brain of an obx animal
model of depression - an autoradiographic study
Kovačević T., Skelin I., Dikšić M.
PP71
Harmful potential of preventive quercetin consumption: effects on p19 neurons
Jazvinšćak Jembrek M., Cipak Gašparović A., Vlainić J., Žarković N., Oršolić N.
PP72
Benzodiazepine site agonists: diazepam vs. zolpidem (in vitro study)
Vlainić J., Jazvinšćak Jembrek M., Švob Štrac D., Peričić D.
PP73
Design, synthesis and in vitro activity of AT1 angiotensin II receptor antagonists based on the novel
5-[2-(tetrazole-5-yl)phenyl]thiophenes
Lovrić M., Tvrdeić A., Cepanec I., Litvić M.

P10 Special session
PP74
Therapeutic riding-antigravity walk
Banović G.
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ABSTRACTS
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LECTURES

Presidential lecture
Paško Rakić
Yale University, Department of Neurobiology & Kavli Institute for Neuroscience, 333 Cedar
Street, New Haven, USA
Neuronal Cell Migration and Brain Map Formation
The identity, synaptic connection and, ultimately, function of neurons is initially and ultimately
defined by their position. It is particularly evident in the cerebral cortex where constituent
neurons are not generated locally and acquire their proper areal, laminar and columnar
position during prenatal development by active migration from multiple sites of origin. I will
describe how radial and tangential migration brings postmitotic neurons from the places of
their origin at the transient proliferative zones to the developing cortex, where they assume
appropriate species-specific areal, laminar and columnar positions. Discovery of these cellular
events led to the “radial unit” and “protomap” hypotheses of cortical development and
evolution that provide the framework for understanding genetic mechanisms of evolution and
normal and pathological development of the cerebral cortex. Our strategy has been to study in
parallel development of the cerebral cortex in rodents, non-human primates and humans using
a variety of in vitro and in vivo assays, including genetic manipulations in animals as well as the
parallel RNA-sequencing of a whole-transcriptome profiling in embryonic brain slices following
laser microdissection. We show that specific genes and variety of morphoregulatory and
signaling molecules cooperate in orchestrating each component of neuronal migration. Use of
this approach reveals that even a slight inappropriate neuronal position eventually affects the
pattern of synaptic circuits and ultimately may cause a variety of idiopathic neuropsychiatric
disorders.
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International Brain Research Organisation representative special lecture

Ante L. Padjen
McGill University, Pharmacology and Therapeutics, McIntyre Medical Building, 3655
Promenade Sir-William-Osler, Montreal, Canada
Science and/in Society
In modern society, science is glorified as an engine of progress. In line with this, IBRO’s
practice in the past 50 years has been to facilitate scientific exchanges in the world and, in the
past decades, to bring neuroscience to developing areas. The brief history of IBRO will be
used as a springboard to examine some questions of essence in understanding how science
“works”. I will try to argue that understanding of the science of science may improve how
science is done.
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Plenary lectures
Miloš Judaš
School of Medicine, Croatian Institute of Brain Research, University of Zagreb, Šalata 3, 10000
Zagreb, Croatia
Transcriptome of the developing human cerebral cortex
Microarrays represent a powerful tool for identifying neuronal transcriptomes and signaling
networks involved in normal brain development. Gene expression profiles of postmortem
brain tissue also represent important resources for understanding neurodevelopmental,
neurological and psychiatric disorders. Our previous collaboration with laboratory of Dr.
Šestan (Yale University) provided important insights in molecular mechanisms of human
cerebral cortex development. We also co-authored seminal studies (published in Nature and
Neuron) which provided a comprehensive data set on the entire transcriptome (17.565 genes)
of the developing and adult human brain. However, these transcriptome data were recovered
from tissue homogenates and thus cannot provide insight in whether an interesting candidate
gene is really expressed in neurons (as opposed to glial cells or blood vessels). Therefore, we
currently extend spatio-temporal analysis of human brain transcriptome to the cellular level,
by focusing on: (a) network of cortical areas involved in language, and (b) the fetal subplate
zone (underlying these cortical areas) and its descendant interstitial neurons in the adult
brain. The subplate is transient fetal compartment crucial for proper development of cortical
map and its input-output connectivity. It is therefore implicated in pathogenesis of many
developmental brain disorders and cognitive disorders such as autism and schizophrenia.
However, its transcriptome remains largely unknown because previous studies were limited
to either few cortical areas or few developmental periods. Nevertheless, recent studies in
animal models already provided important novel insights: there are subplate-specific genes as
well as significant differences in their expression between rodents and humans. Thus, animal
model data cannot be directly extrapolated into clinical research. We currently focus on three
aspects of subplate transcriptome: regional and temporal differences in its expression, and
search for subplate-specific genes. To reveal human-specific gene expression, we compare
human transcriptome data with analogous data already published for mouse and rhesus
monkey. For such selected candidate genes we analyze cell-type specific expression using insitu hybridization and immunohistochemistry. The data thus generated will be relevant for
clinical and translational research, by narrowing the focus of research to genes specifically
expressed during development or restricted to a specific brain region and/or linked to specific
developmental brain disorders. Thus, our findings will create potential for design of specific
diagnostic probes as well as patent applications.
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Marijan Klarica
School of Medicine, Department of Pharmacology, University of Zagreb, Šalata 3, 10000
Zagreb, Croatia
Effect of body position on cerebrospinal fluid movement and hydrostatic pressure gradient
Intracranial hypertension is a severe clinical and therapeutic problem, as there is insufficient
knowledge about the physiology of cerebrospinal fluid (CSF) pressure. In this experimental
work a new hypothesis has been presented about the regulation of CSF pressure according to
which the CSF pressure depends on the law of fluid mechanics and of specific anatomical
relations inside the central nervous system, and not, as is today generally believed, on CSF
secretion, circulation and absorption. Volume and pressure changes in the newly developed
CSF model, which by its anatomical dimensions and basic biophysical features imitates the
craniospinal system in cats, are compared to those obtained on cats with and without
blockade of craniospinal communication in different body positions. It was shown that during
verticalization there is a permanent appearance of negative CSF pressure inside the cranium,
without the changes of blood and CSF volume. CSF pressure gradients change depending on
the body position, but those gradients do not enable unidirectional CSF circulation from the
hypothetical site of secretion to the site of absorption in any of them. Thus, results of this
experimental work indicate the existence of new physiological and pathophysiological
correlations between CSF and blood inside the cranio-spinal space, which implies the
possibility of new therapeutic approaches in conditions related to the CSF disorders.
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Goran Šimić
School of Medicine, Croatian Institute of Brain Research, University of Zagreb, Šalata 3, 10000
Zagreb, Croatia
Functional neuroanatomy of the dementia syndrome
Dementia is a multidimensional syndrome, which makes diagnosis and testing of novel
treatments for primary causes of dementia (most notably Alzheimer's disease, AD)
complicated. Recent advances in functional and structural MRI, including DTI tractography,
have enabled the precise delineation of multiple large-scale distributed brain networks as
well as identification of patterns of neuronal dysfunction in progressive neurodegenerative
diseases. One of the main insights common to all studies is that, compared to baseline brain
activity, only a small percentage of neurons is required to respond to an external stimulus
(such task-related activation usually accounts for about only 1-5% of the total BOLD signal).
Most of baseline activity is mediated by neurons that are constantly active and participate in
the default mode network (DMN, also known as the resting state or task-negative network)
(Deco et al., TINS, 2013). The DMN is anatomically defined by interconnections among several
epicenters that include parts of the medial temporal lobe, parts of the medial prefrontal
cortex and the posterior cingulate cortex and adjacent ventral precuneus and parietal cortex.
It seems that DMN connectivity reflects the level of consciousness (Vanhaudenhuyse et al.,
Brain, 2010), generates spontaneous thoughts, and preferentially activates when individuals
engage in internal tasks such as daydreaming, envisioning the future, and retrieving
memories, while it is negatively correlated with brain systems that focus on external visual
signals. The DMN undergoes developmental changes and is characterized by coherent
neuronal oscillations at a rate lower than 0.1 Hz that become more consistent in children
aged 9-12 years and in older subjects. As has been amply documented by structural (atrophy
patterns of normal and AD patients) and functional MRI, the activity of DMN is severely
deficient in AD compared to healthy elderly controls, so this measure has been recently
proposed as a promising clinical marker of AD (Damoiseaux et al., Neurobiol. Aging, 2012;
Greicius et al., Curr. Opin. Neurol., 2012; Lehmann et al., PNAS, 2013). During my talk I will
attempt to reconcile these novel findings with known neuropathological data in support of an
emerging etiopathogenetic mechanism by which β-amyloid in the common, late-onset form
of sporadic AD may be released into the extracellular space from non-junctional varicosities of
axons generated from abnormal tau-containing neurons of brainstem nuclei projecting to the
DMN neurons (Šimić et al., Neuropathol. Appl. Neurobiol., 2009; Braak and Del Tredici, Acta
Neuropathol., 2013).
This work is supported by the Croatian Science Foundation grant no 09/16.
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Maja Valić
School of Medicine, Department of Neuroscience, University of Split, Šoltanska 2, 21000 Split
The effects of intermittent hypoxia on breathing
Central regulation of respiratory and cardiovascular system is extremely important in order to
maintain specific values of oxygen and carbon dioxide partial pressures (PaO 2 and PaCO2), and
pH, as well as transport of gasses to tissues and from tissues in all physiological situations. The
purpose of basic research is to determine the structures of central nervous system,
neurotransmitters, and anatomical pathways involved in the above mentioned regulation, by
recording phrenic nerve activity, that mirrors activity of respiratory neurons.
Hypoxia is a powerful stimulus that affects breathing parameters and leads to an increase in a
phrenic nerve activity. Special types of hypoxic stimulus are intermittent hypoxic episodes
that are short in duration and are separated by short periods of normoxia.
Exposure to a number of short-term hypoxic stimuli elicits a long-term increase in phrenic
nerve activity (long-term facilitation, LTF), and leads to an increase in sympathetic nerve
activity. The experimental stimulus consisting of intermittent hypoxias mimics periodical
breathing failures in patients with obstructive sleep apnea (OSA). Patients suffering from OSA
have a number of co-morbidities, including hypertension, that is associated with an increase
in sympathetic nerve activity and increased cardiovascular and respiratory system sensitivity
to hypoxia.
Phrenic long-term facilitation is extremely sensitive mechanism, and various
neurotransmitters, primarily serotonin, but also opioid neurotransmitters are important in
pLTF development.
Majority of previous studies have focused on the effects of activation of the postsynaptic 5HT receptors located on the spinal cord motoneurons while serotonin modulation and effect
on pLTF at the raphe nuclei were not investigated. Our research showed that the raphe nuclei
at supraspinal level play an important role in the control of LTF.
An important issue is the role of LTF in the patients suffering from obstructive sleep apnea.
Does pLTF mitigates or promotes obstructive sleep apnea symptoms? An important positive
side of pLTF is a continuous increase in respiratory activity, and it has been shown that
previous exposure to chronic intermittent hypoxia in rats promotes the development of LTF
when subsequently exposed to acute hypoxia. Also, OSA patients have higher LTF caused by
intermittent hypoxias. Among the potential adverse effects of LTF is that OSA symptoms
worsen during the night, but also over time, and that repeated hypocapnia in the periods
between apneas inhibits the expression of LTF in OSA patients. Furthermore, an increased
hypoxic ventilatory response (HVR) destabilizes breathing in OSA patients.
In conclusion, intermittent hypoxia elicits phrenic long-term facilitation that depends on
serotonin, and is controlled at both, the spinal and supraspinal level at the raphe nuclei.
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Srećko Gajović
School of Medicine, Department of Histology and Embriology and Croatian Institute of Brain
Research, University of Zagreb, Šalata 3, 10000 Zagreb, Croatia
Molecular regulation of inflammation and the consequneces of ischemic injury in the mouse
brain
The inflammation processes after ischemic brain injury are still controversial whether they
harm the brain or are helpful for the subsequent recovery. We have analysed these processes
using the mice deficient for Toll-like receptor 2 (TLR2).
TLR2 is involved in innate immunity in the brain and in the events following the ischemic
stroke. In order to analyze TLR-2-related signaling pathway after transient medial cerebral
artery occlusion (MCAO) in the mouse brain, TLR2−/− mice were compared to the wild type
mice. TLR2 deficiency affected post-stroke immune response resulting in delayed increase of
the brain injury, which was in the acute phase smaller, but 7 days onwards bigger than in the
wild type mice. Real-time PCR expression of genes involved in the signaling pathway showed
that TLR2 loss resulted in the decrease of proinflammatory response after brain ischemia. The
expression of Casp8, as a hallmark of apoptosis, was increased in TLR2−/− mice, in particular
in the late phase of recovery. This was followed by an increase of apoptotic cells in these
mice, which were more numerous 7 and 14 days after ischemic injury, but not in the acute
phase (3 days after ischemia). The consequences of ischemia in the brain were visualized by in
vivo bioluminescence imaging using luciferase reporter, and by ex vivo X-ray uCT using the
nonionic radio-contrast agent.
These results suggested that TLR-2-related signaling is important in the regulation and timing
of inflammation and apoptosis after ischemic injury in the mouse brain. Moreover, the
analysis of chronic phase of recovery highlights its importance in judging the influence of
different factors on post-ischemic events.
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Dinko Mitrečić
School of Medicine, Croatian Institute of Brain Research, University of Zagreb, Šalata 3, 10000
Zagreb, Croatia
Application of stem cell technology in stroke
Brain diseases represent the greatest global disease burden of human society. Faced with
such a challenge, regeneration of nervous tissue based on transplantation of stem cells has
attracted a significant attention in efforts to develop a successful cell therapy. Among
numerous brain diseases, here we focus on stroke which stands as the most significant and
most common cause of a life-long disability.
Here we present an overview of a current state of the art in experimental application of stem
cells in stroke. Based on a mouse middle carotid artery occlusion model we describe our
experience with both direct intraparenchymal and intravascular transplantation of mouse
neural stem cells and our observations about rates of survival, migration and differentiation
of the transplanted cells. A special emphasis will be given on importance of synaptic
formation as a part of formation of permissive niche and cell survival.
Based on experiences from preclinical studies, many clinical trials with stem cells have been
launched. Although characterized by rather heterogeneous conclusions in patients, many
measurable benefits have been observed. It is obvious that parallel and coordinated work on
both preclinical models and patient trials will help to gradually increase therapeutic effects of
stem cells transplanted to the brain tissue affected by stroke.
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Round table
Nataša Jovanov Milošević
Croatian liaison officer of FENS CARE (Federation of European Neuroscience Societies –
Committee for Animals in Research)
School of Medicine, Croatian Institute of Brain Research, University of Zagreb, Šalata 3, 10000
Zagreb, Croatia
Report on activities of FENS Committee for Animals in Research
The Committee on Animals in Research (CARE) advises FENS on the responsible use of animals
in neuroscience research. It supports the development of resources on animals in research
and promotes the public education in matters related to the use of animals in neuroscience. It
monitors the development of European legislation on the use of animals in biomedical
research, makes contributions to the efficient implementation of that Directive and provides
expert advice on animal research issues. In that respect we invited Branka Buković Šošić,
Head of Animal Protection Department, Ministry of Agriculture for open discussion on
position on the Directive on the use of animals in scientific research and EU.

Branka Buković Šošić
Ministry of Agriculture and Forestry, Standing Committee on the Convention on European
Wildlife and Natural Habitats, Ulica grada Vukovara 78, 10 000 Zagreb, Croatia
Research on Animals following the accession of Croatia to the European Union
New scientific knowledge is available in respect of factors influencing animal welfare as well
as the capacity of animals to sense and express pain, suffering, distress and lasting harm. It is
therefore necessary to improve the welfare of the animals used in scientific procedures by
raising the minimum standards for their protection in line with the latest scientific
developments and specific legislation.
The aim of legislator is to strengthen and harmonize legislation across European Union,
improve welfare of animals still used for scientific purposes and foster the development of
alternative methods (principle of the Three Rs).
Although the work on replacing the use of animals in experiments continues, they are
currently a vital part of the scientific research. The understanding and treatments made
possible through animal research are of benefit to humans, animals and the environment.
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POSTER PRESENTATIONS

PP1 Molecular neuroscience
PP01
The association of GRIK3 polymorphism with alcoholism in the subjects of Croatian origin
Kuzman B. (1), Morić M. (1), Nedić Erjavec G. (1), Nikolac Perković M. (1), Nenadić Sviglin K. (2),
Borovečki F. (3), Mück-Šeler D. (1), Pivac N. (1), Švob Štrac D. (1)
(1) Division of Molecular Medicine, Ruđer Bošković Institute, Bijenička cesta 54, 10000 Zagreb, Croatia;
(2)Center for Alcoholism and other Addictions, Psychiatric Hospital Vrapče, Bolnička cesta 32, 10000
Zagreb, Croatia; (3)Department for Functional Genomics, Center for Translational and Clinical
Research, School of Medicine, University of Zagreb, University Hospital Center Zagreb, Kišpatićeva 12,
10000 Zagreb, Croatia
Alcoholism is frequent and complex chronic disorder with numerous genetic and environmental risk
factors. Genetic vulnerability to alcohol dependence is likely due to multiple contributing genes
encoding proteins in many neurotransmitter systems and signal transduction pathways. Glutamatergic
system has been implicated in acute and chronic effects of alcohol and represents a potential target
for development of promising novel alcoholism therapeutics. In recent years, kainate ionotropic
glutamate receptors have emerged as important targets of alcohol’s action in the brain. Namely, some
reports suggested that Ser310Ala polymorphism in the GRIK3 gene, encoding the GluR7 subunit of
kainate receptors, is associated with alcoholism. However, the fact that other studies failed to
demonstrate these findings, might be explained by the differences in the origin of participants, as the
role of genetic and environmental risk factors may be different in various populations. Hence, the aim
of this study was to examine the allelic and genotypic association of GRIK3 functional polymorphism
with alcohol dependence in subjects of Croatian origin. A total of 483 unrelated Caucasian subjects of
Croatian origin, including 208 healthy control subjects and 275 patients diagnosed with alcohol
dependence (DSM-IV criteria), stratified according to gender, age and nicotine dependence, were
enrolled in the study. Following DNA extraction from the whole blood, genotyping of Ser310Ala GRIK 3
polymorphism (rs6691840) was performed by using TaqMan Real-Time allelic discrimination
technique. No significant differences in the frequency of the genotypes and alleles for rs6691840
between alcohol-dependent and control individuals were detected. Moreover, in order to define the
alcohol-related phenotypes more specifically, alcohol-dependent participants were additionally
subdivided according to the early/late onset of alcohol abuse, presence/absence of aggressive
behavior and lifetime suicide attempts. Although the distribution of genotypes and alleles did not
differ between alcohol-dependent patients stratified by aggressive behavior or suicide attempts, the
results demonstrated significant differences in the frequency of a homozygous CC genotype between
the alcohol-dependent patients with the early onset (before 25 years of age) and patients with the
late onset (after 25 years of age) of alcohol abuse. Further research is necessary to elucidate the role
of GRIK3 gene in the development of alcoholism.
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PP02
Long-term changes in expression of calcium/calmodulin-dependent protein kinase II in dorsal
root ganglia neurons of STZ-diabetic rats
Ferhatović L. (1), Jeličić A. (2), Borić M. (1,2) , Banožić A. (2), Sapunar D. (2), Puljak L. (2)
(1) Croatian Institute for Brain Research, School of Medicine, University of Zagreb, Šalata 12 10000
Zagreb, Croatia; (2) Laboratory for Pain Research, Department for Anatomy, Histology and Embriology,
School of Medicine, University of Split, Šoltanska 2, 21000 Split
Changes in expression of enzyme calcium/calmodulin-dependent protein kinase II (CaMKII) have been
noticed early after diabetes induction in rats. These changes are probable trigger of abnormal
functioning of dorsal root ganglia (DRG) neurons which leads to development of painful diabetic
neuropathy.
The aim of this study was to compare expression of total CaMKII (tCaMKII) and its α,β γ and δ isoforms
in dorsal root ganglia in rat models of diabetes mellitus type I (DM1), 6 months and 1 year after
diabetes induction.
A total of 45 male Sprague–Dawley rats weighing 160-200 g were assigned into four experimental
groups: 6-months DM1 and its control group, 1-year and its control group. For the induction of DM1,
after overnight fasting animals were injected intraperitonealy with 55 mg/kg of the streptozotocin
(STZ). Rats were sacrificed 6 months and 1 year after the diabetes induction. The L4 and L5 ganglia
were removed, fixed, embedded in freezing medium and sectioned on a cryostat.
Immunofluorescence analysis was performed for detection of tCaMKII and its α, β, γ and δ isoforms,
and Image J software was used for analysis of immunofluorescence.
The diabetes was successfully induced as confirmed by measurement of glucose levels and weight
increase. Analysis of tCaMKII expression in DRGs revealed no differences between DM1 and control
animals after 6 and 12 months. In diabetic animals, the expression of α and β isoforms decreased
significantly after 6 months, compared to the controls, while decrease of γ and δ was observed after
one year of diabetes in diabetic animals.
The observed changes in the expression of CaMKII isoforms reveal plastic changes of this enzyme
during the chronic diabetic state and may be involved in the chronic neuropathic pain development.

PP03
Expression of 5HT-related genes after perinatal treatment with 5HT agonists
Blažević S. (1), Zlatar I. (1), Kvestak D. (1), Brizić M. (1), Hranilović D. (1)
(1) Department of Animal Physiology, Faculty of Science, University of Zagreb, Rooseveltov trg 6, 10000
Zagreb, Croatia
Serotonin (5HT) is a biologically active amine with diverse roles in the mammalian organism.
Developmental alterations in 5HT homeostasis could lead to exposure of the developing brain to nonoptimal serotonin concentrations that may result in developmental and behavioral deficits. In order to
explore the molecular basis of the effects of developmental disturbances on 5HT metabolism on adult
central 5HT homeostasis, observed in our previous studies, we measured changes in gene expression
of the neuronal 5HT-regulating proteins in adult animals after perinatal treatment with the immediate
5HT precursor 5-hydroxytryptophan (5HTP, 25mg/kg), or monoamine oxidase (MAO) inhibitor
tranylcypromine (TCP 2mg/kg), during the period of the most intensive development of 5HT neurons from gestational day 12 until postnatal day 21. Adult animals were sacrificed and the relative mRNA
levels for tryptophan hydroxylase 2, MAO A, MAO B, receptors 5HT1A and 5HT2A, 5HT transporter
(5HTt) and vesicular monoamine transporter (VMAT) were determined in the raphe nuclei region and
prefrontal cortex using Real-Time Relative qRT-PCR. In comparison to the saline treated animals,
treatment with 5HTP caused mild but significant increase in MAO A and MAO B mRNA abundance.
TCP-treated animals, besides an increase in mRNA abundance for both MAO genes, displayed
significantly increased 5HTt and VMAT2 mRNA levels and significantly decreased 5HT1A receptor
mRNA levels. Our results suggest that perinatal exposure of rats to 5HTP, and especially TCP, induces
long-lasting/permanent changes in the expression of 5HT-regulating genes, that presumably underlie
5HT-related neurochemical and behavioral changes in adult animals.
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PP04
The association of GABA-A receptor alpha2 subunit gene (GABRA2) with alcohol-related
suicidal behaviour
Švob Štrac D. (1), Nedić Erjavec G. (1), Nikolac Perković M. (1), Nenadić Sviglin K. (2), Mück-Šeler D. (1),
Pivac N. (1).
(1) Division of Molecular Medicine, Ruđer Bošković Institute, Bijenička cesta 54, 10000 Zagreb, Croatia;
(2) Center for Alcoholism and other Addictions, Psychiatric Hospital Vrapče, Bolnička cesta 32, 10000
Zagreb, Croatia
Alcohol dependence has been associated with an increased risk for suicidal behavior and growing
evidence indicated that genetic factors contribute to suicide risk. GABA-A receptors, the major fast
inhibitory neurotransmitter receptors in the brain, have been implicated in both acute and chronic
effects of alcohol, including tolerance, dependence and withdrawal. Moreover, some studies
suggested that dysfunction in GABAergic neurotransmitter system also plays a role in the neurobiology
of suicidal behaviour. As recent studies demonstrated that multiple markers in the gene encoding the
GABA-A receptor alpha2 subunit (GABRA2) are associated with alcoholism in different populations of
European ancestry, the aim of our study was to examine the allelic and haplotypic association of
GABRA2 gene with alcohol-related suicidal behaviour in subjects of Croatian origin. Hence, we
genotyped 3 single nucleotide polymorphisms across the GABRA2 gene located on the chromosome
4p in samples of 355 alcoholic patients (280 males and 75 females), subdivided according to the
presence of suicide attempt during life-time. Alcohol dependence was diagnosed based on the DSM-IV
criteria, while suicide attempt was assessed by the suicide relevant questions from the Hamilton
Rating Scale for Depression and a structured psychiatric interview. Genotyping of GABRA2
polymorphisms (rs567926, rs279858 and rs9291283) was performed using TaqMan Real-Time allelic
discrimination after extraction of DNA from the whole blood with a salting out procedure. The results
demonstrated an association of SNP rs279858 with an increased risk of suicide attempt in alcoholic
patients (χ2 = 6.551, p = 0.038). Namely, subjects with alcohol dependence who attempted suicide had
higher frequency of T allele (χ2 = 5.571, p = 0.018), as well as homozygous TT genotype versus C
carriers (χ2 = 6.256, p = 0.012). Moreover, haplotype analysis revealed that G-T-G alcoholic haplotype
carriers were more likely to report suicide attempt (χ2 = 4.053, p = 0.044). To our knowledge these are
the first findings suggesting the involvement of GABRA2 gene in the alcoholism-related suicidal
behaviour. However, further studies are needed to investigate whether these GABRA2 gene variants
are associated with an increased risk of suicidal attempt(s) in general population, or these associations
exist only in alcoholic patients.

PP05
Brain metastases from lung cancer show frequent changes of E-cadherin, APC and betacatenin genes
Nives Pećina-Šlaus (1,2) , Martina Zeljko (1,3), Anja Kafka (1,2), Davor Tomas (4)
(1) Laboratory of Neuro-oncology, Croatian Institute for Brain Research, School of Medicine University
of Zagreb, Šalata 12, 10000 Zagreb, Croatia, (2) Department of Biology, School of Medicine, University
of Zagreb, Šalata 3, 10000 Zagreb, Croatia, (3) Department of Internal Medicine, “Merkur” University
Hospital, Zagreb, Croatia, (4) Ljudevit Jurak Department of Pathology, Sestre Milosrdnice University
Hospital, Zagreb, Croatia.
The susceptibility of brain to secondary formation from lung cancer primaries is a well known
phenomenon. On the contrary, the molecular basis for invasion and metastasis to the brain is largely
unknown. In the present study 25 brain metastases that originated from primary lung carcinomas
were analyzed regarding changes of E-cadherin (CDH1), APC (adenomatous polyposis coli) and betacatenin (CTNNB1) genes.
Genetic changes of E-cadherin and APC were tested by PCR/loss of heterozygosity (LOH) method using
D16S752, D16S265 and D16S398 microsatellite markers for CDH1 gene and RFLP method performed
by the use of Msp I and Rsa I genetic markers for the APC gene. Heteroduplex method was used to
29

4. Croatian Congress of Neuroscience, September 20-21, 2013, Zagreb, Croatia
investigate potential mutations in beta-catenin. Protein expressions and localizations were analyzed
by immunohistochemistry.
The results showed altogether 36% of samples with LOH of the CDH1 gene assessed with 3 markers.
The highest frequency of genetic changes was observed in the metastases originating from primary
sites of lung adenocarcinoma and small cell lung cancer (SCLC) with 83.3% and 75% of genetic
changes, respectively, while squamous cell carcinoma showed 25% and large cell carcinoma 12.5% of
changes. In comparison to other lung cancer pathologies, the diagnoses adenocarcinoma and SCLC
were significantly associated to E-cadherin genetic changes with Hi2= 10.364; df=1; P=0.001.
Microsatellite instability (MSI) was detected in one adenocarcinoma. Exon 3, the mutational hot-spot
of beta-catenin, was not targeted.
Immunostaining showed that overall 76% of samples had downregulation of E-cadherin expression.
Intense downregulation of E-cadherin was noticed in 52% of metastases. The majority of samples with
LOH (88.9%) were accompanied with the downregulation of E-cadherin protein expression. The main
effector of the wnt signaling, beta-catenin, was upregulated in 54.2%, and transferred to the nucleus
in 33.3% of metastases. Among 14 brain metastases available for the analysis of the APC gene 11 were
informative and 6 demonstrated LOH (55%). Somatic mutation in exon 15 of the APC gene was also
detected in one case of adenocarcinoma by direct DNA sequencing of the metastasis and autologous
lymphocyte samples. The substitution was at position 5883 G–A in the metastasis tissue.

PP06
Opioid system genes in alcoholism: A case - control study in Croatian population
Čupić B. (1), Štefulj J. (2), Zapletal E. (1), Matošić A. (3), Bordukalo-Nikšić T. (2), Čičin-Šain L. (2),
Gabrilovac J.(1)
(1) Laboratory for Experimental Haematology, Immunology and Oncology, Division of Molecular
Medicine, Ruđer Bošković Institute, Bijenička c. 54, 10000 Zagreb, Croatia; (2) Laboratory of
Neurochemistry and Molecular Neurobiology, Division of Molecular Biology, Rudjer Bošković Institute,
Bijenička c. 54, 10000 Zagreb, Croatia; (3) Department of Psychiatry, University Hospital “Sestre
milosrdnice”, Vinogradska 29, 10000 Zagreb, Croatia
Due to their involvement in dependence pathways, opioid system genes represent strong candidates
for association studies investigating alcoholism. In this study, single nucleotide polymorphisms within
genes for mu (OPRM1) and kappa opioid receptors (OPRK1) and precursors of their ligands –
proopiomelanocortin (POMC), coding for beta-endorphin and prodynorphin (PDYN) coding for
dynorphins, respectively - were analyzed in a case-control study that included 354 male alcoholdependent and 357 male control subjects from Croatian population. Analysis of allele and genotype
frequencies of the selected polymorphisms of the genes OPRM1/POMC and OPRK1/PDYN revealed no
differences between the tested groups. The same was true when alcohol-dependent persons were
subdivided according to the Cloninger's criteria into type-1 and type-2 groups, known to differ in the
extent of genetic control. Thus, the data obtained suggest no association of the selected
polymorphisms of the genes OPRM1/POMC and OPRK1/PDYN with alcoholism in Croatian population.

PP07
DNA methylation of serotonin receptor 2A gene promoter in control and autistic subjects
Hranilović D. (1), Blažević S. (1), Zill P. (2), Štefulj J. (3)
(1) Department of Animal Physiology, Division of Biology, Faculty of Science, University of Zagreb,
Rooseveltov trg 6, 10000 Zagreb, Croatia; (2) Ludwig-Maximilians University of Munich, Psychiatric
Clinic, Department od Psychiatric Genetic and Neurochemistry, Nussbaumstr. 7, D-80336 Munich,
Germany; (3) Department of Molecular Biology, Ruđer Bošković Institute, Bijenicka 54, 10000 Zagreb,
Croatia
Serotonin (5-hydroxytryptamine, 5HT) is a monoamine neurotransmitter involved in a broad range of
physiological functions. On the other hand, altered 5HT homeostasis, possibly due to the altered
expression of 5HT-regulating genes, may serve as a neurobiological substrate of several
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neuropsychiatric disorders. Serotonin receptor 2A (5HT2Ar) has been indicated as one of the major
candidates and potential markers of the 5HT disturbance seen in autism. Indeed, decreased platelet
5HT2A binding and reduced cortical 5HT2A density have been reported in autistic individuals.
Regulation of the 5HT2A gene expression has been so far mainly attributed to the functional
polymorphism -1438 A/G in the promoter region of the gene. However, it is possible that epigenetic
changes, i.e. those involving modifications of DNA and histones including methylation of cytosine
residues in the regulatory CpG islands, may also play an important role in the regulation of this gene.
In this study, we analyzed DNA methylation pattern of the 5HT2A receptor gene promoter in white
blood cell DNA samples of 92 autistic and 58 control subjects of Croatian origin. DNA methylation was
analyzed by bisulfite conversion/sequencing method. We identified three putative DNA methylation
sites located in the promoter region of the gene. The second methylation site is located just before the
functional polymorphism -1438 A/G and the level of methylation at this locus directly corresponded to
the subject’s genotype (6.1 ± 6.3% for AA, 62.7 ± 12.2% for AG, and 98.0 ± 4.1% for GG genotype).
Increased level of methylation in the presence of -1438 G allele may explain a molecular basis of the
reported G allele-associated decrease in 5HT2A receptor expression. At all three identified
methylation sites, the level of methylation (expressed as percentage of methylated DNA) was
significantly higher in the autistic than in the control group (91% vs 86%, p<0.001 at locus 1; 71% vs.
62%, p<0.05 at locus 2; and 78% vs. 69%, p<0.001 at locus 3). Since higher degree of methylation is
related to lower gene expression, this finding is in agreement with the reproted decrease in platelet
and cortical 5HT2A levels in autistic individuals.

PP08
Analysis of formalin fixation influence on ganglioside composition of calf brain
Pašalić T. (1), Fabris D. (1), Vukelić Ž. (1)
(1) Department of Chemistry and Biochemistry, School of Medicine, University of Zagreb, Šalata 3,
10000 Zagreb, Croatia
Ganglioside composition and expression in brain tissue change in various physiological and
pathophysiological conditions. We explored to which extent the brain tissue fixation using lower
concentrations of formaldehyde (FA) solutions influences the procedure of ganglioside extraction and
purification from fixed tissue i.e. whether there are differences in content and composition of
gangliosides isolated from fixed vs. fresh tissue. Identical aliquots of the 10% fresh calf brain tissue
homogenates were fixed in 1.5%, 4% and 10% solutions of FA for five weeks, while aliquots of fresh
homogenates were used as controls. Gangliosides were extracted from the testing-series of
homogenates and purified. The total content of isolated gangliosides was determined by
spectrophotometric assay. The composition of ganglioside mixtures was analyzed by thin layer
chromatography and the proportions of individually separated fractions were determined by
densitometry. Comparing to the fresh tissue, the total content of gangliosides isolated from tissue
fixed in 1.5% FA solution was slightly decreased (5.4%), while the total contents of gangliosides
isolated from tissues fixed in 4% and 10% FA solutions were lower for 9.8% and 14.9%, respectively.
Ganglioside mixtures from fixed tissues contained all individual (chromatographically separable)
fractions present in the ganglioside mixture from fresh tissue, although in the ganglioside mixture
from tissue fixed in 10% FA solution only traces of GD3 and GQ1b remained. The observed changes in
the composition of total gangliosides isolated from fixed vs. fresh tissue were: significant to high
decrease of GD3 and GQ1b proportions and a moderate decrease of O-Ac-GT1b proportion;
additionally, a moderate decrease of GT1b proportion was detected only in the ganglioside sample
from tissue fixed in 10% FA solution. The results show that the fixation of brain tissue in 1.5% FA
solution does not significantly affect the procedure of ganglioside isolation and does not cause
significant changes in the quantity and composition of isolated gangliosides, except reduced GD3
abundance. This investigation provides answers what are the restrictions for utilization of fixed tissue
samples as biological material for comparative analysis of the content and composition of
gangliosides, if fresh material is not available.
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PP09
Neuronal damage and recovery in the thalamus following traumatic brain injury in the rat
Dolenec P. (1), Pilipović K. (1), Rajič J. (1), Mršić-Pelčić J. (1), Župan G. (1).
(1) Department of Pharmacology, School of Medicine, University of Rijeka, Braće Branchetta 20, 51000
Rijeka, Croatia
Traumatic brain injury (TBI) is the leading cause of death and disability in population under the age of
45 years worldwide and thus represents a serious public health problem. TBI affects many brain
regions, but the most studied are cortex and hippocampus, even though it has been documented that
neurodegeneration and apoptosis are also present in other parts of the brain. Moreover, the process
of reorganization in those, rarely examined brain regions has not been fully clarified. The purpose of
this study was to determine the changes in several markers of neuronal damage and recovery in the
thalamus following experimental TBI in the rat.
Moderate TBI was induced using the lateral fluid percussion (LFP) brain injury model. Briefly,
craniotomy was performed over the left parietal cortex and a plastic Luer Lock fitting was attached to
the craniotomy site. This assembly was used to connect the animal to the LFP device and after that the
brain injury was induced. Sham-operated animals were used as the control group. Rats were sacrificed
24 h or 72 h after the TBI induction or sham procedure. Animals were perfused and postfixed with 4%
paraformaldehyde, their brains were paraffin-embedded and prepared for histological analyses. Brain
sections were analyzed by Fluoro Jade B staining or by immunohistochemistry. Number of neurons
was determined by NeuN staining. Neuroplastic responses were determined by immunofluorescent
labeling of synaptophysin and growth-associated protein 43 (GAP-43).
Neurodegenerative changes, marked by the increase in Fluoro Jade B staining, and significant neuronal
loss were apparent in the thalamus following LFP injury. Intensity of GAP-43 staining was not
significantly changed in the examined brain region after TBI. Increased signal intensity of
synaptophysin was detected in the thalami of rats sacrificed 72 h after brain trauma.
Results of this study suggest significant early neuronal thalamic damage following LFP injury in the rat.
Furthermore, as soon as 3 days after brain trauma accumulation of synaptophysin within the thalamus
reflects possible injury-induced recovery processes.

PP10
Distribution of complex gangliosides in brains of catfish and perch
Viljetić B. (1), Labak I. (2), Blazetić S (2), Ivić V. (3), Heffer M. (3)
(1) Department of Medical Chemistry and Biochemistry, School of Medicine, University of Osijek, J.
Huttlera 4, 31000 Osijek, Croatia; (2) Department of Biology, University of Osijek, Cara Hadrijana 8a,
31000 Osijek, Croatia; (3) Department of Medical Biology, School of Medicine, University of Osijek, J.
Huttlera 4, 31000 Osijek, Croatia
Gangliosides are acidic glycosphingolipids containing one or more sialic acid. In contrast to higher
vertebrates where mono-, di- and trisialo gangliosides dominate, fish brain is abundant in polisialostructures with important role in adaptations to environmental conditions. Until recently the
distribution of gangliosides was usually studied in rodent and mammalian brains. The aim of this study
was to reveal distribution of the main gangliosides in the brains of two species of the Actinopterygian
subclass: catfish (Silurus glanis) and perch (Perca fluviatilis). Gangliosides were extracted from adult
brains of catfish and perch and separated by TLC. High affinity anti-ganglioside (GM1, GD1a, GD1b,
GT1b) IgG antibodies were used for immunohistochemistry. Contrary to higher vertebrates with
uniform pattern of brain ganglioside expression, investigated species varied in ganglioside distribution.
Ganglioside GD1b predominates in catfish brain from telencephalon to the spinal cord. In perch brain
all four major gangliosides were detected. GM1 and GT1b are expressed on neurons and not on fibers
like in mammalians; GD1a is specific for efferent fibers of tectum opticum and for granular neurons of
cerebellum, while GD1b was detected in all structures of perch brain. Both studied species had a
different expression of complex gangliosides suggesting that characteristic distribution is due to
adaptations to different lifestyles and habitats.
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PP11
Neuroplastin: from neurodevelopment to neurodegeneration
Mlinac K. (1), Gačić M. (1), Ilić K. (1), Jovanov Milošević N. (1), Šimić G. (1), Kalanj Bognar S. (1)
(1) Croatian Institute for Brain Research, School of Medicine, University of Zagreb, Šalata 12, 10000
Zagreb, Croatia
Neuroplastin (np), heavily glycosylated transmembrane glycoprotein, is a member of the
immunoglobulin (Ig) superfamily of cell adhesion molecules. Neuroplastin appears in two isoforms,
np55 and np65. Np65 mediates homophilic trans-interactions which modulate synaptic activity,
interacts with GABAA receptor subunits in hippocampal inhibitory synapses and is involved in the
maintenance of hippocampal CA1 synaptic plasticity. On the other hand, np55 mediates only
heterophilic interactions and is known to bind fibroblast growth factor receptor 1.
Despite of the growing body of knowledge on neuroplastin, the distribution in human brain has not
been described in neurodevelopmental or neurodegenerative processes. The aim of our study was to
investigate the expression of neuroplastin in human fetal hippocampal tissue and in hippocampal
tissue affected by Alzheimer’s neurodegeneration compared to control hippocampal tissue.
Materials used in this study were formalin-fixed paraffin-embedded fetal human hippocampal
sections, in gestational age of 22-40 gestational weeks and human middle childhood and young
adulthood hippocampal sections, as well as hippocampal tissue affected by Alzheimer’s degeneration.
Neuroplastin expression was analyzed using immunohistochemistry.
Neuroplastin immunoreactivity in human hippocampal tissue was not observed earlier than 22nd
gestational week. Gradually higher neuroplastin immunoreactivity was observed with increasing
gestational age. Also, development of characteristic pattern in different layers of dentate gyrus was
observed. Immunohistochemical analysis of tissue affected by Alzheimer’s degeneration showed
increased immunoreactivity of neuroplastin in tissues affected by neurodegeneration, markedly in the
internal and external molecular layer of the dentate gyrus. Furthermore, immunoreactive fibers of the
CA1 radial layer demonstrated a disturbed organization.
Increasing neuroplastin expression in hippocampus during brain development coincides with
formation of hippocampal synapses and suggests that neuroplastin is one of the molecules involved in
regulation of synaptic plasticity. Additionally, increased expression of neuroplastin in the hippocampus
in Alzheimer’s disease indicates an additional compensatory mechanism in response to
neurodegeneration that was not previously described. This study is the first report encompassing data
on neuroplastin expression in human fetal hippocampal tissue and hippocampal tissue affected by
Alzheimer’s neurodegeneration suggesting the important role of neuroplastin in neurodevelopmental
as well as neurodegenerative processes.

PP12
STAM2 protein, a member of the endosome-associated complex ESCRT-0, is localized in
neuronal nucleus
Čurlin M. (1), Kapuralin K. (1), Mitrečić D. (1), Gajović S. (1).
(1) Croatian Institute for Brain Research, Shool of Medicine, Universtiy of Zagreb, Šalata 12, 10000
Zagreb, Croatia
STAM2 (Signal transducing adaptor molecule 2) is a phosphotyrosine protein involved in cellular
response to variety of cytokines and growth factors. It is a member of the endosome associated
complex ESCRT-0 involved in sorting of mono-ubiquitinated endosomal cargo for degradation in the
lysosome. Apart from its suggested role in enodosomal trafficking, STAM2 possible role is in cytokine
signalling. It is associated with JAK tyrosine kinases, and it is involved in the regulation of intracellular
signal transduction for DNA synthesis and c-myc induction.
In order to clarify which cell types in mice brain express STAM2 double immunofluorescent labelling
was performed. The majority of Stam2-positive cells co-stained with the neuronal markers MAP2 and
NeuN, indicating that Stam2-expressing cells are largely neurons. STAM2 staining was visible
throughout the soma and neuronal processes, showing a punctuate appearance. Most of these
vesicles were positively stained for the early endosomal marker EEA1 which is in agreement with a
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previous finding that STAM2 is associated with HRS on the endosome membrane. Surprisingly,
confocal microscopy showed a homogenous strong signal in the neuronal nuclei. To determine if
STAM2 is really present in the neuronal nucleus, primary cortical neuronal culture was subjected to
subcellular fractionation. Although STAM2 was most abundant in the cytosolic and membrane
fraction, western blotting confirmed a significant amount of STAM2 present in the nuclear fraction.
Glia cells visualized by GFAP, O4 and Iba1 antibody, as astrocyte, oligodendrocyte and microglia cell
marker revealed a weak immunostaining signal for STAM2 protein. We further examined the nuclear
expression of other ESCRT-0 members (STAM1 and HRS) in the brain. None of these proteins was
detected in the nucleus.
Recent studies have indicated that some endocytic proteins are also involved in direct signalling
pathways from membranes into the nucleus. One of these proteins with possible dual role might be
STAM2.

PP13
Corticogenesis controlling genes in the brain repair and regeneration after ischemic lesion
in the mouse
Gorup D. (1) Gajović S. (1), De Rocha M. (2)
(1) Croatian Institute for Brain Research, School of Medicine, University of Zagreb, Croatia; (2) Institute
for Cell and Neurobiology, Charite Universitätsmedizin, Berlin, Germany
During development, generation of the 6 cortical layers is regulated by a panoply of transcription
factors. We hypothesize that the same molecules controlling development of the cerebral cortex are
active in repair and renovation after an ischemic lesion in the mouse that represents stroke in
humans. At the same time there is an inflammatory response in which the Toll-like Receptor 2 (TLR2)
has shown to have a crucial role. It is to be expected that those two events interfere, and that
modulating inflammation, we could influence expression of embryonic cortical markers. To investigate
this we have used the ischemic lesion model (MCAO, medial cerebral artery occlusion) in wild type
mice and in mice lacking the TLR2.
We have observed changes in the levels of active serine/threonine kinase JNK2. In addition, we found
alterations in the expression patterns of developmentally regulated transcription factors including
CTIP2 and SATB2 in lesioned brains. There is de novo expression of the developmentally regulated
transcription factor CTIP-2 and P-JNK 2 weeks after MCAO, while IHC has shown that endogenous
neuronal stem cells that are activated after the lesion are positive for CTIP-2.
Our data suggest that inflammation appears to modulate this activation and there is an activation of
corticogenesis regulating transcription factors following the ischemic lesion. In addition, inflammation
appears to modulate this activation.

PP14
Oxidative stress markers in various brain regions of mice on a high cholesterol diet
Dominko K. (1), Landeka I. (2), Horvat-Knežević A. (1), Benković V. (1), Oršolić N.(1), Đikić D. (1)
(1) Department of Animal Physiology, Faculty of Science, Biology division, University of Zagreb,
Rooseveltov trg 6, 10000 Zagreb, Croatia; (2) Laboratory of Nutritional Biochemistry, Faculty of Food
Technology and Biotechnology, University of Zagreb, Pierottijeva 6, 10000 Zagreb, Croatia
The input of cholesterol into the brain comes almost entirely from in situ synthesis. There is currently
little evidence for the net transfer of sterol from the plasma into the brain. From 0.02% (human) to
0.4% (mouse) of the cholesterol in brain turns over each day so that the absolute flux of sterol across
the brain is only approximately 0.9% as rapid as the turnover of cholesterol in the whole body of these
respective species.
However, studies have suggested that high cholesterol levels diet leads to altered brain levels of a
number of glycerophospholipids, sphingolipids, cholesterol precursors, cholesterol, cholesterol esters
and cholesterol oxidation products. Oxidation products such as oxysterol contribute to increase of
radical oxidative species. Oxidative stress, a form of cellular stress, refers to the overproduction of
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oxygen free radicals or other reactive oxygen species (ROS). Cholesterol imbalance in the brain might
be related to the development of neurological disorders and neuronal death via oxidative damage.
Impaired intracellular lipid transport and cholesterol metabolism initiates a pathological cascade that
includes deficient oxysterol production, peroxisomal dysfunction, abnormal sphingosine metabolism,
neuroinflammation, induction of apoptosis, and perturbed neurosteroid synthesis. An initial source of
oxidative stress, such as high cholesterol, may initiate amyloid formation, which in itself is another
potent source of oxidative stress. This cholesterol turnover across the brain is increased in
neurodegenerative disorders such as Alzheimer's disease and Niemann-Pick type C disease. Oxidative
stress is integral to AD pathogenesis, although it remains unclear whether oxidative stress is a cause or
consequence of AD. Moreover, several risk factors for AD are known to increase cellular oxidative
stress in the brain including aging and ApoE4 genotype. The causes of accumulation in sporadic AD
remain unclear. The amount of lipid peroxidation is increased in AD patients and is correlated with the
clinical severity of the disease. In this study we present the expression of oxidative stress markers
(superoxide dismutase, reduced gluthation, catalase, and MDA marker of lipid peroxidation) in various
brain regions of mice exposed to high cholesterol diet and compare it with other physiological
compartments responsible for body cholesterol metabolism.

PP15
Genetic variants of the dopaminergic system and alcohol dependence and alcohol abuserelated phenotypes
Nedić Erjavec G. (1), Nenadić Sviglin K. (2), Nikolac Perković M. (1), Mück-Šeler D. (1), Pivac N. (1)
(1) Division of Molecular Medicine, Ruđer Bošković Institute, Bijenička cesta 54, 10 000 Zagreb,
Croatia; (2) Center for Alcoholism and Other Addictions, Psychiatric Hospital Vrapče, Bolnička cesta 32,
1000 Zagreb, Croatia
Alcoholism, including alcohol addiction and dependence, is related to altered function of
dopaminergic system such as dopamine receptors, metabolic enzymes and dopamine transporter. The
aim of the study was to evaluate the association between the polymorphisms of the selected genes of
dopaminergic system: variable number of tandem repeats (VNTR) in the third exon of dopamine
receptor D4 (DRD4) gene (DRD4 VNTR), Val108/158Met of catechol-O-methyltransferase gene (COMT
Val108/158Met), VNTR in the 3’-untranslated region of dopamine transporter (DAT) gene (DAT VNTR),
and -1021C/T of dopamine beta-hydroxylase gene (DBH -1021C/T) with alcohol dependence and/or
alcohol abuse-related phenotypes. The study included large groups of ethnically homogenous
Caucasian subjects: 690 patients with alcohol dependence diagnosed using the SCID for DSM-IV
criteria, and 580 healthy subjects who served as controls. Alcoholism related phenotypes were
evaluated by a psychiatrist using clinical evaluation, clinician-administered interview and psychiatric
and/or self-report scales: withdrawal, aggressive behavior, severity of alcohol dependence, delirium
tremens, comorbid depression, current suicidal behavior, life-time suicide attempt, onset (early/late)
of alcohol dependence. Genotyping of the VNTR polymorphisms in DRD4 and DAT genes were
determined by polymerase chain reaction and 2% agarose gel electrophoresis, while COMT
Val108/158Met and DBH -1021C/T were determined by real time PCR in ABI Prism 7300 Real time PCR
System apparatus, according to manufacture’s procedures. The results were evaluated using χ2-test,
standardized residuals, multiple regression analysis, Mann-Whitney test, and Cramer’s V or C statistic.
Present study detected significant association between DRD4 VNTR, but not other studied
polymorphisms, and alcoholism, since there was an increased frequency of DRD4 VNTR long allele
carriers in patients with alcohol dependence compared to control subjects. Alcoholism-related
phenotypes were significantly associated with COMT Val108/158Met polymorphism. There was an
over-presentation of the COMT Met/Met genotype among patients with current suicidal behavior and
in suicide attempters, and increased frequency of the COMT Val/Val genotype in patients with an early
onset of alcohol dependence. These findings suggest that DRD4 VNTR could be used as a peripheral
biomarker of alcoholism, while COMT Val108/158Met could be a biomarker of suicidal behavior, and that
alcoholism-related phenotypes were well chosen to study the association with selected gene
polymorphisms.
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PP2 BASIC NEUROSCIENCE
PP16
The role of anesthetics in the phrenic long term facilitation in rats
Pecotić R. (1), Valić M. (1), Pavlinac Dodig I. (1), Carev M. (2), Karanović N. (2), Đogaš Z. (1)
(1) Department of Neuroscience, University of Split School of Medicine, Šoltanska 2, 21000 Split,
Croatia; (2) Department of Anesthesiology, Reanimatology and Intensive Care, University Hospital
Split, Spinčićeva 1, 21000 Split, Croatia
Long term facilitation is a form of respiratory plasticity that is induced following exposures to the
repeated episodes of intermittent hypoxia. It represents one of the most studied model of respiratory
plasticity and a model of obstructive sleep apnea as well. A variety of different variables could affect
manifestation of LTF and the choice of anesthetic might have a great impact. Over the past 30 years in
an animal model of paralyzed, bilaterally vagotomized, mechanically ventilated rats, urethane was
used as an anesthetic of choice because of its minimal effects on respiratory, cardiovascular, and
autonomic nervous system.
Adult, male, anesthetized, bilaterally vagotomized, paralyzed and mechanically ventilated Sprague
Dawley rats were exposed to an acute intermittent hypoxia (AIH) protocol consisting of 5 hypoxic
exposures (9% O2 in air) lasting for 3 min each, separated by hyperoxic (50% O2 in air) 3 minutes
periods. Peak phrenic nerve activity, respiratory frequency, and respiratory rhythm parameters were
analyzed during hypoxia, as well as at 15, 30, and 60 min after the end of the last hypoxic episode. We
investigated effects of volatile anesthetics (sevoflurane and isoflurane), opioid anesthetics
(remifentanil) and propofol on the manifestation of phrenic LTF and on hypoxic ventilatory response.
In urethane anesthetized rats there was a significant increase of the phrenic nerve activity following
AIH at 60 min indicating phrenic LTF. Inhalational anesthetics, sevoflurane and isoflurane as well as
intravenous anesthetics propofol and remifentanil abolished phrenic LTF 60 min following exposure to
the AIH protocol. In addition, hypoxic ventilatory response was preserved in investigated anesthetics.
Results of our research do highlight the potential caveats that might be associated with the selection
of a given anesthetic regime to examine phrenic LTF.

PP17
Differential expression of obesity-related genes in hypothalamus of Wistar-Zagreb 5HT rats
Štefulj J. (1), Kesić M. (1), Čičin-Šain L. (1)
(1) Laboratory of Neurochemistry and Molecular Neurobiology, Department of Molecular Biology,
Ruđer Bošković Institute, Bijenička cesta 54, 10000 Zagreb, Croatia
It is well known that brain serotonin (5-hydroxytryptamine, 5HT) signaling affects the body weight
regulation by acting at multiple sites at the brainstem and hypothalamic level and by interacting with
various orexigenic and anorexigenic networks. It is generally accepted that increased brain 5HT activity
is associated with reduced food intake and body weight, but recent findings point to much greater
complexity of 5HT mechanisms implicated in the regulation of energy balance.
Animal model termed Wistar-Zagreb 5HT rats, consisting of two sublines with constitutionally altered
serotonin homeostasis (high-5HT and low-5HT subline), was developed in our laboratory by selective
breeding of animals toward naturally occurring extreme activities of peripheral serotonin transporter,
a key regulator of serotonergic transmission. Interestingly, animals from the high-5HT subline display
lifelong elevated body weight and a clear adult obesity (higher body mass index, higher deposition of
fats in adipose tissue depots, abdominal adiposity) in comparison to the low-5HT animals. These
sublines hence represent an interesting model for investigating a role of constitutive differences in
serotonin signaling in the modulation of body weight.
In search for molecular pathways implicated in the body weight regulation, here we aimed to identify
genes that might be differentially expressed in hypothalami of animals from high-5HT and low-5HT
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sublines.
By the use of real-time PCR arrays (Rat Obesity RT2 Profiler PCR Array and Rat Adipogenesis RT2
Profiler PCR Array, Qiagene) we have investigated expression levels of over 160 genes known to be
implicated in the regulation of adipogenesis, energy expenditure and orexigenic and anorectic
pathways. Expression levels of genes of interest were normalized to geometric mean of six
housekeeping genes and fold changes between 5HT-sublines were calculated.
We have identified 3 genes possibly over-expressed in the hypothalamus of high-5HT animals, while
28 genes appeared to be down-regulated in this subline, in comparison to animals from the low-5HT
subline. Results obtained by gene expression profiling will be further confirmed using quantitative
real-time PCR as well as ELISA measurements.

PP18
Nonradial migratory stream from cortical hem during early fetal period in primates
Hladnik A. (1), Jovanov Milošević N. (1), Esclapez M. (2), Petanjek Z. (1)
(1) Croatian Institute for Brain Research, School of Medicine, University of Zagreb, Šalata 12, 10000
Zagreb, Croatia; (2) Institute National de la Santé et de la Recherche Médicale UMR 751, Epilepsy &
Cognition Laboratory, Marseille, F-13005 France
Cortical hem, a putative signaling centre at the interface of the prospective hippocampus and the
choroid plexus, is a significant source of Cajal-Retzius cell population that invade cortical marginal
zone. Analyzing Nissl stained sections of human fetuses during the period from 8 to 14
postconceptional weeks (pcw), we observed, in the medial telencephalic wall, a stream of cells
extending from the proliferative zones of cortical hem to the marginal zone (MZ) of the prospective
archicortex. Golgi staining showed that this stream is composed of small unipolar migratory like cells.
At corresponding ages in the macaque monkey fetuses (embryonic day/E 47-55), many cells in the
proliferative zones of cortical hem were labeled for calbindin (CB). From this zone, a stream of
unipolar migratory like CB-containing cells extended to the subpial position. In addition, at E47 few CBcontaining neurons were observed in the thick MZ of the prospective archicortex. They were in
apparent continuity with the stream of migratory like CB-containing cells extending from proliferative
zone of cortical hem. At E55, CB-containing cells in the prospective hippocampus were organized in
clusters. The clusters of CB-containing cells close to the proliferative zones were formed of immature
cells, while more distant clusters included cells with typical pyramidal neuron body shape. During this
period, GAD-containing migrating cells were mostly observed in the lateral wall, only very few were
present in the medial telencephalic wall. Therefore, our results suggest that in primates the cortical
hem gives rise to populations of non-GABA-ergic calbindin neurons, some of them destined to the
hippocampus.

PP19
Regional differences in dendritic morphology and spine density of striatal medium spiny
neurons in Foxp2 mice
Bičanić I. (1), Bornschein U. (2), Enard W. (2), Hevers W. (2), Paabo S. (2), Petanjek Z. (1)
(1) Croatian Institute for Brain Research, School of Medicine, University of Zagreb, Šalata 12, 10000
Zagreb, Croatia; (2) Max Planck Institute for Evolutionary Anthropology, Leipzig, Germany
The extent of language capability sets humans apart from their closest living relatives, the
chimpanzees. The transcription factor FOXP2, which is required for speech and language
development, carries two amino acid substitutions (T303N, N325S) on the hominine lineage which
were likely positively selected during human evolution. When the human variant of the FOXP2 protein
is expressed in mice these animals show an increased dendritic complexity of neurons that are a part
of the basal ganglia circuitry and highly express FOXP2, e.g. striatal medium spiny neurons (MSN).
The current investigation involves analysing dendritic morphology and spine density in Golgi-Cox
impregnated MSN in adult mice homozygous for the FOXP2 human variant (Foxp2hum/hum -T302N,
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N324S) and in two additional mouse strains where one carries substitution at position 302 (T302N)
while the other carries it at position 324 (N324S) in their endogenous Foxp2 gene.
Analysis will include regional comparison of dendritic morphology and spine density of MSN striatum
(dorsomedial, dorsolateral, rostral and caudal region) in all mice lines, as well as a comparison with
the wild-type (Foxp2 wt/wt) line.
The previous study has shown that in Foxp2 hum/hum mice MSN tend to have around 20% longer
dendritic trees, but present results of dendritic morphology of MSN in dorsomedial striatum in Foxp2
hum/hum mice did not show any significant differences. Interestingly, in T302N line there was a
tendency for terminal segments to be longer and thinner when compared to Foxp2 wt/wt, both in
dorsomedial and dorsolateral striatum.
Present results did not confirm previous observation of increased dendritic morphology of MSN in
Foxp2 hum/hum mice line. In addition, the results do not fit with electrophysiological data, as well as
with decrease in dopamine levels in some striatal regions. It is possible that the effect is related only
to a part of MSN population or it has a clear regional effect (MSN in rostral and caudal striatum will be
reconstructed). It is also possible that changes are related to spine density (analysis in process) and
not with the dendritic size.
Present results support the hypothesis that human specific changes at position T302N are responsible
for neuronal changes related with “language” circuitry and a view that expansion of cerebral cortex is
needed to allow significant functional changes related with appearance of language.

PP20
Organization of the human hippocampal marginal zone during prenatal development
Vukšić M. (1), Krsnik Ž. (1), Kostović I. (1)
(1) Croatian Institute for Brain Research, School of Medicine, University of Zagreb, Šalata 12, 10000
Zagreb, Croatia
This study was performed to investigate the organization of the marginal zone (MZ) during prenatal
development of the human hippocampus, from the early fetal synapse formation to the establishment
of its adult-like laminar organization at birth. Twenty two human fetal brains were used for this study.
The procedure for the human autopsy material was approved and controlled by the Internal Review
Board of the Ethical Committee at the School of Medicine, University of Zagreb. We employed
immunohistochemistry on fixed-paraffin-embedded sections, ranging from the 12th to the 40th
postovulatory weeks (POW), to analyze the expression patterns of different developmentally
regulated proteins in relation to synaptic, laminar, neuronal, glial and extracellular matrix (ECM)
development: synaptophysin, SNAP-25, NF-200, SMI-312, SMI-99, fibronectin, MAP-2, calretinin, GFAP
and PAS-AB. From the 12th POW onwards, the MZ was the most prominent compartment during
hippocampal development, characterized by very early expression of synaptic proteins, presence of
axon-specific markers, early differentiation of neuronal and glial elements as well as by high amount
of ECM. Between 15-23 POW, this transient zone could be subdivided into sublayers; the inner
marginal zone (future stratum radiatum), and the outer molecular layer (future stratum lacunosum
moleculare /dentate molecular layer), each containing distinct subsets of early maturing neurons. By
the end of the fetal development adult-like laminar organization of the MZ could be observed. Unlike
the isocortex, where the suplate is a major site of neurogenetic events, in the archicortex MZ seems to
be a key zone for early molecular neuronal interactions, synaptogenesis and patterning of growing
pathways. It is suggested that early maturing neurons in the MZ may have a role in the targeting of
hippocampal afferent fibers, as similarly do subplate cells in the developing cerebral cortex.
Therefore, we propose that MZ is a crucial compartment for understanding early functional
interactions as well as a substrate for structural plasticity in the developing human hippocampus.
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PP21
Sublaminar organization and developmental changes of the marginal zone in the human
neocortical pallium
Krsnik Ž. (1), Vukšić M. (1), Kostović I. (1)
Croatian Institute for Brain Research, School of Medicine, University of Zagreb, Šalata 12, 10000
Zagreb, Croatia
Sublaminar shifts in the transient marginal zone (MZ) of developing fetal cortex have been reported
previously (Kostovic et al,2004; Meyer,2007). The aim of this study is to extend our analysis with
additional markers and specimens. Methodological approaches include visualization of cell
architectonics (Nissl, NeuN, MAP2), fibrous content (SMI312, NF200, MAP1b, MBP, Gallyas), synaptic
distribution (synaptophysin, SNAP-25), extracellular matrix (ECM) (Pas-Alcian, fibronectin, chondroitinsulphate) and AChE-reactivity. Sublaminar development was compared with data of histogenetic
events: cortical plate (CP) condensation, subplate (SP) formation and perinatal laminar reorganization
in the human postmortem specimens from early fetal (12-14 postconceptual weeks (pcw)), midfetal
(15-18 pcw), late fetal (22–36 pcw) period and newborn.
Early fetal MZ shows first appearance of subpial granular layer (SGL), large AChE-reactive cells,
synaptophysin and ECM reactivity. During formation of subplate, first sublamination becomes
apparent: superficial lamina contains Cajal-Retzius cells and SGL, while deep lamina is fibrous.
Sublamination begins in basal divisions of neopallium, but dorsal divisions of neopallium show poor
sublamination. During midfetal period following complex sublamination was observed: (1) cell-poor
subpial marginal stripe, (2) cell-dense SGL, (3) MZ proper, (4) stratum lucidum, (5) deep granular layer
and (6) stratum radiatum. SGL contains NeuN cells mixed with AChE-reactive neurons. Synaptophysin
immunoreactivity is more prominent in the middle portion of MZ proper, fibrous elements (SNAP-25,
neurofilament, SMI312, MAP1b, AChE) are concentrated in the stratum lucidum, while myelin markers
are absent. In late fetal brain MZ sublamination becomes less obvious and SGL is present in all
divisions of neopallium until 28 pcw. However, in parahippocampal neocortex SGL is still visible
between 34 and 36 pcw. In the MZ of newborn there is decrease in ECM reactivity, spread of CajalRetzius cells and neuronal grouping in the cortical sulci.
In conclusion, sublaminar shifts in cellular, fibrillar and ECM components throughout development of
human fetal neopallium are in close correlation with the development of subplate zone. This supports
early bilaminar distribution of circuitry elements (Molliver et al 1974, Kostovic and Rakic 1990)
consistent with early afferent input to MZ from modular and thalamic sources and early maturation of
apical dendrites and MZ interneurons.

PP22
The changes in ganglioside composition and distribution in the brain of rainbow trout
(Oncorhynchus mykiss) and common carp (Cyprinus carpio) during seasonal adaptation
Pavić V. (1), Has-Schön E. (1), Bogut I. (2), Heffer M. (3)
(1) Department of Biology, J.J. Strossmayer University, Cara Hadrijana 8/A, 31000 Osijek, Croatia; (2)
Department of Animal Husbandry, Faculty of Agriculture, J.J. Strossmayer University, P. Svačića 1d,
31000 Osijek, Croatia; (3) Department of Biology, Faculty of Medicine, J.J. Strossmayer University, J.
Huttlera 4, 31000 Osijek, Croatia
The aim of this study was to determine concentration, composition and distribution of brain
gangliosides in two poikilothermic fish species: eurythermic common carp (Cyprinus carpio) and
stenothermic rainbow trout (Oncorhynchus mykiss). Animals were subjected to seasonal temperature
fluctuations in their natural ecosystem and speciments were collected from January to June. Brain
gangliosides were investigated biochemically and immunohistochemically. Composition and
distribution of brain gangliosides changes differently in common carp and rainbow trout. During the
cold acclimatization increase of polysialylated ganglioside fractions was observed in common carp,
while rainbow trout showed increase of trisialogangliosides. Rainbow trout showed a decrease in
GD1a content on the contrary to GD1b, leading to increase in the biosynthesis of the higher sialylated
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fractions of the b-pathway during cold acclimation. Both species showed decrease of
monosialogangliosides, and formation of higher sialyilated glycosphingolipid homologues.
Immunohistochemical localization revealed different species specific changes in various parts of brain.
The data support the hypothesis that the composition and distribution of brain gangliosides vary with
the state of thermal adaptation.

PP23
Expression of glial cell markers in human foetal Leydig cells
Ježek D. (1)
(1) Department Histology and Embryology, School of Medicine, University of Zagreb, Šalata 3, 10000
Zagreb, Croatia
Leydig cells of the human testis possess neuroendocrine properties. In the present study, we
examined whether Leydig cells of developing human foetus (between the 15th and 36th week of
gestation) are immunopositive for glial cell-specific antigens. The results show that Leydig cells of the
human testis, in addition to their endocrine, neuronal and neuroendocrine features, possess qualities
of both astrocytes and oligodendrocytes and thus demonstrate qualities of multipotential cells. The
established immunohistochemical similarities are consistent with the assumption that foetal and
postnatal Leydig cells are of common origin. Moreover, the discovery of the neuroendocrine features
of Leydig cells gives rise to the hypothesis of a potential neuroectodermal and/or neural crest origin of
these cells.

PP24
Difference in behavioral phenotype between B4Galnt1 knockout and cuprizone induced
demyelination mice
Tot O.K. (1), Mrđenović S. (2), Viljetić B. (3), Degmečić I.V. (4), Bohaček I. (5), Heffer M. (6)
(1) Osijek University Hospital, Department of Anesthesiology and Critical Care Medicine, Huttlerova 4,
31000 Osijek, Croatia; (2) Osijek University Hospital, Department of Internal Medicine, Division of
Hematology, Huttlerova 4, 31000 Osijek, Croatia; (3) Osijek University, School of Medicine, Department
of Medical Chemistry and Biochemistry, Huttlerova 4, 31000 Osijek, Croatia; (4) Osijek University,
School of Medicine, Animal Facility, Huttlerova 4, 31000 Osijek, Croatia; (5) Zagreb University, School
of Medicine, Croatian Institute for Brain Research, Šalata 12, 10000 Zagreb; (6) Osijek University,
School of Medicine, Department of Medical Biology, Huttlerova 4, 31000 Osijek, Croatia
Gangliosides, sialic acid-bearing glycosphingolipids, are expressed at high abundance and complexity
in the brain. Gangliosides are functional nerve cell ligands for myelin-associaded glycoprotein (MAG)
expressed on the innermost wrap of myelin that binds to nerve cell surface and inhibits nerve
regeneration. MAG, a minor constituent of central and peripheral nervous system myelin, is a member
of the Siglec family of sialic acid-binding lectins and binds with highest affinity to gangliosides GD1a
and GT1b, prominent molecules on the axon surface. Mice lacking the ganglioside biosynthetic gene
B4Galgt1 fail to express complex gangliosides, including GD1a and GT1b. Mag- and B4galnt1-null mice
exhibit quantitatively and qualitatively similar CNS and PNS axon degeneration and nearly identical
decreases in axon diameter and neurofilament spacing. Double-null mice have qualitatively similar
changes with double-null mice only modestly more impaired. Despite their motor deficits, Mag- and
B4galnt1-null mice demonstrate hyperactivity, with spontaneous locomotor activity significantly
above that of wild type mice. These phenotype changes support the hypothesis that MAG binding to
gangliosides contributes to long term axonal stability. Mag and B4galnt1-null mice express phenotypic
signs that could be explained with demyelination which can be induced in wild type mice with a
copper chelator cuprizone a model for pathology of demyelination.
In our studies we compared C57BL/6 mice fed for 19 days with 0.2 % cuprizone which induced 30 %
demyelination and B4galnt1 mice with a similar demyelination pattern. 16 C57BL/6 mice and 13
B4galnt1 mice were compared using photocell activity cage, rotarod performance test, passive
avoidance task and modified Lashley III test. After testing mice were sacrificed and
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immunohistochemistry was performed on brain slices to assess whether cuprizone affected
ganglioside expression patterns using anti-ganglioside antibodies. Extent of demyelination was
obtained with electron microscopy study of optic nerves. Our results indicate that cuprizone induced
demyelination mice perform better in motor assessment tests and that B4galnt1 mice perform better
in cognitive assessment tests.
B4galnt1 mice and cuprizone induced demyelination mice have distinct phenotypic changes observed
in their gross locomotor patterns, motor and cognitive assessment tests. We infer that these
phenotypic changes could be explained with interaction of compensatory over expressed simple
gangliosides like GM3, with high affinity MAG receptor. Other explanation is site specific
demyelination of special neuronal populations differently dependent on complex ganglioside-MAG
interactions or MAG and NogoR interaction.

PP25
Natriuretic peptides and bradykinin in mouse ischemic brain injury
Dobrivojević M. (1,5), Špiranec K. (2), Erjavec I. (3), Gorup D. (1,5), Habek N. (4,5), Hirsch JR. (6),
Forssmann WG. (6) and Sinđić A. (4,5)
(1) Department of Histology and Embryology School of Medicine University of Zagreb, Šalata 3, 10000
Zagreb, Croatia; (2) Department of Anatomy, Histology and Embryology, Faculty of Veterinary
Medicine University of Zagreb, Heinzelova 55, 10 000 Zagreb, Croatia; (3) Department of Anatomy
School of Medicine University of Zagreb, Šalata 11, 10 000 Zagreb, Croatia, (4) Department of
Physiology and Immunology School of Medicine University of Zagreb, Šalata 3, 10 000 Zagreb, Croatia;
(5) Croatian Institute for Brain Research School of Medicine University of Zagreb, Šalata 12, 10 000
Zagreb, Croatia; (6) Cardiopep Pharma GmbH, Karl-Wiechert-Allee 76, 30625 Hanover, Germany
Cessation of glucose and oxygen supply after ischemic brain injury leads to apoptotic and necrotic
processes, which results in breakdown of the blood-brain barrier and consequent cerebral edema
formation. Bradykinin is involved in the formation of cerebral edema increasing the size of brain
damage. The aim of our research was clarifying the possible mechanisms of action of natriuretic
peptides on bradykinin signaling, and their interactions after ischemic brain injury, since natriuretic
peptides decrease brain edema via still unknown mechanisms. First, we examined the effects of
natriuretic peptides and bradykinin in vitro in HEK-293 cells, primary isolated neurons and astrocytes
using the whole cell patch clamp technique and by measuring the intracellular calcium concentration.
Furthermore in a mouse model of ischemic brain injury (MCAO), we measured the size of the ischemic
lesion and edema using microcomputed tomography (microCT) and on serial Nissl stained sections. In
HEK-293 cells, ligands of guanylate cyclase A, but not guanylate cyclase B, inhibit the bradykinin
signaling pathway (bradykinin receptor type 2) by activating RGS protein which is responsible for
inactivation of G coupled protein. Our preliminary results show that the same inhibition exists in
primary isolated mouse neurons and astrocytes. In in vivo experiments, when urodilatin, agonist of
GC-A was applied, no brain lesion was detected by microCT scanning. When only bradykinin was
applied, brain damage increased. Appling a combination of natriuretic peptides with bradykinin the
size of the lesion and the brain edema decreased. The results of this research indicate the existence of
an endogenous antagonist of the bradykinin type 2 receptor, and the possible protective role of
natriuretic peptides in treatment of stroke.
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PP26
Alternations in number of calcium-binding striatal and hippocampal parvalbumin and
calbindin D28k interneurons in the brain of St3Gal2, St3Gal3 and double knockout mice
Blažetić S. (1), Viljetić B. (2), Labak I. (1), Balog M. (3), Ivić V. (3), Schnaar R.L. (4), Heffer M. (3)
(1) Department of Biology, University of Osijek, Cara Hadrijana 8A, 31000 Osijek, Croatia; (2)
Department of Chemistry and Biochemistry, School of Medicine, University of Osijek, Josipa Huttlera 4,
31000 Osijek, Croatia; (3) Department of Medical Biology, School of Medicine,University of Osijek,
Josipa Huttlera 4, Osijek, Croatia; (4) Departments of Pharmacology and Neuroscience, The Johns
Hopkins School of Medicine, Baltimore, MD, USA
The striatum is a central component of the basal ganglia that collects and processes information
coming from the cerebral cortex and the thalamus. In the striatum, more than 95% of neurons are
GABAergic medium-sized spiny neurons (MSNs), which form two intermingled populations
distinguished by their projections and protein content. Also, striatum is a key neural substrate for
procedural learning and memory. The hippocampal formation has a central role in spatial navigation.
This study investigated two groups of calcium-binding GABAergic non-pyramidal cells: parvalbumin
(PV) fast-skipping (FS) cells with morphology of basket or chandelier neurons and calbindin D28k (CB)
positive cells marked as non fast-skipping (NFS) expressing cells in brain of St3Gal2 (beta-galactoside
alpha-2,3-sialyltransferase 2) null, St3Gal3 (ST3 beta-galactoside alpha-2,3-sialyltransferase 3) null and
double null (DKO) mice. Free floating immunohistochemical method was used to determine the
density and distribution of interneurons in coronal sections of mice brain. Quantification of neurons
was made by using ImageJ processing and analysis application. PV and CB neurons were quantified
relative to all neurons (identified by NeuN). Our results showed that there is a significant difference in
number of calcium-binding interneurons of knock-out mice in striatum and hippocampus. ST3Gal2
mice had a significantly lower proportion of CB positive neurons in striatum and hippocampus. In
hippocampus of ST3Gal2 mice there is also lower proportion of PV interneurons and there is no PV
interneurons in granule cell layer of the dentate gyrus in comparation with wild tipe and other knockout mice. These findings are the first to report about PV and CB interneurons in the striatum and
hippocampus of these mice and may help to illuminate the role of sialic acid epitopes in the
production and migration of striatal interneurons.

PP27
Nucleolar protein 2 is expressed in neurons and astrocytes of the adult mouse brain
Kolačević M. (1), Vrsaljko N. (1), Kosi N. (1), Gajović S. (1), Mitrečić D. (1)
(1) Laboratory for Stem Cells, Croatian Institute for Brain Research, School of Medicine, University of
Zagreb
Nucleolar protein 2 (Nop2, Nol1, p120) is a gene encoding nucleolar-specific protein with RNA-binding
function. Until now, Nop2 expression has been described in highly proliferative tissues with a rapid cell
cycle, including malignant neoplasms in which stronger Nop2 expression is related to poor prognosis.
The main goal of this work was to investigate whether adult mouse brain expresses Nop2, which could
suggest existence of cells exhibiting active mitosis.
Transgenic mouse expressing Nop2 coupled with beta-galactosidase was used. After isolation, fixation
and freezing, 20 µm thick frontal and sagittal sections of mouse brain were obtained using criotome.
Expression of Nop2 was visualized in Nop2- heterozygous animals by X-gal staining and confirmed by
immunohistochemistry using antibodies against beta-galactosidase and Nop2, both in wild type and
Nop2 heterozygous animals.
Positive activity of beta-galactosidase in X-gal treated sections and a positive signal using antibody
against beta-galactosidase confirmed our hypothesis that Nop2 is present in adult mouse brain.
Double immunohistochemistry with Nop2 and Map2 and Nop2 and NeuN antibodies revealed a highly
surprising finding that majority of Nop2 positive cells were neurons. Double immunohistochemistry
with Nop2 and Gfap revealed that some Nop2 positive cells were astrocytes.
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Our finding that adult brain neurons which are terminally differentiated cells express Nop2 is
significantly changing a current view of this gene function. Apart from highly proliferative tissues,
Nop2 could as well be needed in cells with a high synthesis of proteins. Following this finding, we
propose that Nop2 could be used as a marker of so far undefined subpopulations of cells that have a
potential role in the regeneration of nerve tissue.

PP28
Application of neural stem cells originating from THY1 - YFP mouse strain in transplantation
experiments
Alić I. (1), Kosi N. (2), Kapuralin K. (2), Gorup D. (2), Gajović S. (2), Mitrečić D. (2)
(1) Department of Anatomy, Histology and Embryology, Faculty of Veterinary Medicine, University of
Zagreb, Zagreb, Croatia; (2) Laboratory for Stem Cells, Croatian Institute for Brain Research, School of
Medicine, University of Zagreb, Zagreb, Croatia
In order to analyze morphologic processes occurring during development of mammalian nervous
system, several specific mouse strains have been constructed. This study was based on the mouse
strain B6.Cg-Tg(Thy1-YFP)16Jrs/J which under the control of Thy1 gene promoter expresses yellow
fluorescent protein (YFP) in all parts of neurons. This allows to precisely describe development of
otherwise less visible parts of nervous cells, including axons and dendrites. In order to use these cells
for transplantation, we had to determine pattern of Thy1 - YFP expression during embryonic
development.
During the first 10 days of embryonic development expression of YFP was not observed. First signs of
expression were observed at embryonic day 12.5 (E12.5) in ventral horn of the spinal cord. During
development of the embryo in the cranio-caudal direction, a stronger expression of YFP was observed
in the cranial part of the spinal cord. Moreover, expression was significantly stronger in the spinal cord
than in the brain. In accordance with the process of neurogenesis which primarily occurs in midgestation, expression of YFP in neurons after E12.5 became much more pronounced. With embryo
maturation, expression became stronger in the brain and by E17.5 expression was observed in the
optic nerve and retina. In the newborn mouse P0 expression was observed in the olfactory bulb.
Our preliminary results showed that, except neurons, progenitor cells also express this construct.
Therefore, stem cells isolated from Thy1 - YFP at E14.5 can be successfully traced after transplantation
in the brain and their processes arising during cell differentiation can be recognized using a bright
fluorescence of YFP.

PP29
Sleep and addiction in Drosophila: Role of dopamine in the nervous system arousal
Andretić Waldowski R. (1) , Greenspan R. (2)
(1) Department for Biotechnology, Rijeka University, Radmile Matejčić 2, 51000 Rijeka, Croatia; (2)
Kavli Institute for Brain and Mind, University of California San Diego, 9500 Gilman Dr. MC 0126, La
Jolla, CA 92093-0126, USA.
Over the last decade Drosophila melanogaster (fruit fly) has become an established model system for
investigating behaviors previously associated with mammals: addiction and sleep. A neurological
feature common to both behaviors is the modulation of arousal of the nervous system. As in
mammals, dopamine is one of the main modulators of arousal measured by behavioral phenotype.
Advantage of using Drosophila over mammals lies in relative ease for gene discovery. Furthermore,
behavioral studies can be combined with transgenic manipulations, pharmacology and
electrophysiological recordings.
Feeding flies chemical compounds leads to easily quantifiable phenotypes, and dopamine synthesis
inhibitor decreases arousal by decreasing locomotion and increasing sleep. Contrary, feeding
psychostimulants caffeine and methamphetamine increases arousal and negatively affects
performance of complex behaviors such as courtship, mating, and visual perception. Transgenic
studies and analysis of genetic mutants showed that dopamine transmission, in particular in the region
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of the fly brain known as mushroom bodies (MB, functionally equivalent to hippocampus in
mammals), and is important in mediating arousing effects of caffeine and methamphetamine. In
particular, expression of D1-type dopamine receptor in mushroom bodies is sufficient for arousing
effects of caffeine.
In mammals, psychostimulant cocaine produces arousal, increases motor activation and has strong
rewarding effect that leads to addiction. Rewarding effect has not been shown in flies; however flies
show behavioral sensitization, another feature of mammalian response. Our work in Drosophila has
uncovered new genes influencing the development of behavioral sensitization, several genes which
have been studied for their role in the generation of circadian rhythmicity: period, Clock and Cycle
(BMAL-1). Follow-up studies in rodents have proven the universality of those genes in mediating
responses to variety of drugs and brain region specific induction following drug administration.
Furthermore, induction of circadian genes following drug exposure is linked with modulation of D1
and D2 type dopamine receptors in flies and mammals. We plan to use Drosophila for discovering new
genes involved in the behavioral sensitization which interact with circadian network. Another
important area of work will be development of a method for measuring rewarding effects of
psychostimulants, as this would enable further gene discovery for this essential feature of drug
addiction.

PP3 Neurodevelopmental basis of cognitive, mental and neurological disorders
PP30
Effect of perinatal treatment with serotonin agonists on immunological and hematological
parameters in adult rats
Lipovec V. (1), Horvat Knežević A. (1), Erhardt J. (1), Blažević S. (1), Hranilović D. (1)
(1) Department of Animal Physiology, Division of Biology, Faculty of Science, University of Zagreb,
Rooseveltov trg 6, 10000 Zagreb, Croatia
Serotonin (5HT) is a biogenic amine present in the central nervous system and peripheral tissues,
including components of the immune system. During embryonic and fetal development 5HT regulates
neurogenesis, while later it acts as a signaling molecule mediating various physiological functions. The
influence of the disturbed 5HT homeostasis induced by perinatal treatment with agonists 5hydroxytryptophan (5HTP) or tranylcypromine (TCP), on the immunological and hematological
parameters (number of cells in the lymph nodes, spleen and blood, differential blood count and serum
cytokine levels) has been studied in healthy adult rats. Perinatal exposure to the increased 5HT levels
has significantly decreased number of platelets in both experimental groups, significantly increased
total number of leukocytes, as well as numbers of lymphocytes and neutrophils, in TCP-treated rats,
and indicatively influenced levels of cytokines Il-1a and RANTES in serum of the treated animals. The
results indicate possible role of serotonin in hematopoiesis and immune response, which will be
further explored after inducing the immune response.

PP31
Biochemical and pharmacological characterisation of the serotonin transporter (SERT) in
primary trophoblasts of the human placentas
Kesic M. (1), Čičin-Šain L. (1), Desoye G.(3), Wadsack C. (3), Panzenboeck U. (2), Štefulj J. (1)
(1) Ruđer Bošković Institute, Bijenička cesta 54, 10000 Zagreb, Croatia; (2) Institute of Pathophysiology
and Immunology, Medical University of Graz, Heinrichstraße 31a, 8010 Graz, Austria; (3) Clinic of
Obstetrics and Gynecology, Medical University of Graz, Auenbruggerplatz 14, 8036 Graz, Austria
Increasing evidence suggests that serotonin (5HT, 5-hydroxytryptamine), in addition to its
neurotransmitter function, participates in the regulation of developmental processes that may have a
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long-term mental health implications. Serotonin transporter (SERT) is the principal molecule
responsible for the removal of 5HT from the extracellular space and represents the prime target of
several antidepressant drugs. This transmembrane protein is highly expressed in the brain, but also in
several peripheral organs including placenta. It is assumed that placental SERT plays a role in the
regulation of uteroplacental blood flow and/or transplacental transport of 5HT, both of which may
impact fetal neurodevelopment. The aim of the present study was to investigate the expression levels
of SERT as well as biochemical and pharmacological characteristics of 5HT uptake in primary cells
isolated from human placental tissue.
Trophoblasts obtained from normal term (37th to 42nd gestational week) placentas (TT) displayed
saturable, high-affinity uptake of 3H-5HT, with kinetic parameters (Km and Vmax) comparable to that in
nervous tissue. Serotonin uptake by TT was highly sensitive to well-known inhibitors of SERT (i.e.
citalopram, paroxetine, fluoxetine, fluvoxamine, clomipramine and imipramine) as well as to SERTtargeting drug of abuse 3,4-methylenedioxymethamphetamine (MDMA). Consistent with the uptake
results, we found relatively high levels of SERT mRNA in TT (10-fold higher than in lymphocytes used as
positive control). Surprisingly, uptake of 3H-5HT by the first trimester (7th to 9th gestational week)
trophoblasts (FTT) as well as by the endothelial cells of the fetoplacental vasculature (HPEC) was
remarkably reduced as compared to TT and did not show clear saturation kinetics within the
investigated range of 5HT concentrations (up to 6 mM). Furthermore, SERT mRNA levels were greatly
diminished in both FTT and HPEC as compared to TT (for about 4- and 200-folds, respectively).
In conclusion, the results provide a pharmacological profile of SERT in trophoblasts obtained directly
from human term placentas and suggest that the expression and activity of this protein in the human
placenta undergoes marked changes over the course of pregnancy. Further studies will address a
possible involvement of epigenetic mechanisms in the regulation of SERT gene expression in cells of
the human placenta.

PP32
Prenatal alcohol exposure influences Notch and Ikaros transcription factors
Paradžik M. (1), Novak S. (1), Mokrović G. (1), Heckel D. (1), Stipić J. (1), Čičin-Šain L. (1), Antica M. (1)
(1) Ruđer Bošković Institute, Division of molecular biology, Zagreb, Croatia
Maternal consumption of alcohol during pregnancy may cause behavioural, cognitive and immune
deficits of the offspring that persist into adult life. However, mechanisms through which alcohol
influences the neuroimmune system are not well understood.
Notch and Ikaros transcription factors play a crucial role in development of T and B cell subpopulations
of lymphocytes, which has been shown in loss of function experiments in mice. Besides being involved
in lymphocyte development, Ikaros transcription factor and its family members, specifically Eos, Helios
and Pegasus, have been shown to play an important role in neural and brain development. For
example. Ikaros is important in promotion of early-born neuronal fates in the cerebral cortex.
Similarly, Notch presence and expression in cells of adult nervous system implies, its heterogenic
developmental role.
In the present study, we investigated if and which of the members of Ikaros transcription factors and
Notch downstream targets are expressed in thymic rat lymphocytes. Further, we examined the impact
of maternal consumption of alcohol on the expression of these lymphopoietic transcription factors,
specifically Notch, Ikaros, Aiolos, Helios, Eos and Pegasus, in the adult rat thymus.
Experiments were performed on rats, an animal model commonly used in a broad range of
pathophysiological and pharmacological studies, including those related to crosstalk between immune
and neuronal systems, but rarely used for the investigation of development of immune system.
In this study, we confirm for the first time the expression of all known Ikaros family transcription
factors in adult rat thymic lymphocytes. We also show that prenatal alcohol exposure induced
persistent and long lasting changes in their expression. It seems that ethanol affects bone marrow
cells during gestation, either the thymocyte committed precursors or the primitive self-renewing
hematopoietic stem cells.
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PP33
Role of BMP signaling in pancreas versus liver fate decision
Pongrac I.M. (1,2), Spagnoli F.M. (2)
(1) Croatian Institute for Brain Research, School of Medicine, University of Zagreb, Šalata 12, 10000
Zagreb, Croatia; (2) Molecular and Cellular Basis of Embryonic Development, Max Delbrück Center for
Molecular Medicine, Robert Rössle Strasse 10, 13125 Berlin, Germany
Different roles are known for the bone morphogenetic protein (BMP) pathway during neural
development. While neural induction requires BMP inhibition, patterning of the neural tube is
mediated by BMP activity. Similarly, BMP pathway modulation has been suggested to be important
during pancreatic development. The pancreas originates from distinct embryonic outgrowths of the
dorsal and ventral foregut endoderm. The ventral pancreatic bud arises next to the hepatic endoderm.
Both presumptive pancreatic and hepatic regions share a common set of intrinsic regulatory factors
and are exposed to the same extrinsic signals, such as FGF (Fibroblast Growth Factor) and BMP, which
are released from surrounding tissues. It remains unclear how the same factors can activate
pancreatic genes in the future ventral pancreas without inducing them in hepatic progenitors; and
analogously, how they can enable the development of liver and not pancreas from the hepatic
endoderm.
This study aims at understanding how and when the BMP signaling pathway controls the emergence
of liver versus pancreas from the same embryonic region. To address this open question we have
started by performing a descriptive analysis of the BMP signaling status in the mouse endoderm. As
next step, we are perturbing the signaling in vivo in a controlled temporal and spatial fashion using a
conditional transgenic approach, the tetracycline-inducible transgenic system called “Tet-On system”.
Altogether, these experiments will enable us to address: 1) if BMP exerts a role in vivo in the hepatic
versus pancreatic fate decision in mammals; 2) the window of time during which the endoderm is
competent to respond to BMP; and 3) different potential functions of BMP in the endoderm according
to the developmental stage. This study will deepen our knowledge of the in vivo roles and mechanism
of the BMP pathway during fate specification and cell differentiation.

PP4 Cerebrospinal patophysiology
PP34
Cerebrospinal fluid (CSF) concentrations of neurotransmitter metabolites as a marker of CSF
volume changes
Maraković J. (1), Chudy D. (1), Klarica M. (2), Orešković D. (3)
(1) Department of Neurosurgery, Dubrava University Hospital, Zagreb, Croatia; (2) Department of
Pharmacology and Croatian Institute for Brain Research, School of Medicine, University of Zagreb,
Croatia; (3) Department of Molecular Biology, Ruđer Bošković Institute, Zagreb, Croatia
In our previous papers (Maraković et al, Neurosci Lett, 2010; Orešković and Klarica, Brain Res Rev,
2010) we demonstrated that changes of blood and CSF osmolarity have strong influence on CSF
pressure and volume which is in accordance to a new proposed hypothesis of CSF physiology. Thus,
acute changes in CSF volume should be reflected on CSF concentration of different central nervous
system (CN) metabolites.
On anesthetized cats (n=4) we measured the outflow volume of CSF by cisternal free drainage at
negative CSF pressure (-10 cm H2O) before and after the intraperitoneal (i.p.) application of hypoosmolar substance (distilled water). In samples of CSF collected at different time intervals (30 min) we
measured the concentration of 5-hydroxyindoleacetic acid (5-HIIA) and homovanillic acid (HVA).
In spite of fact that constant CSF outflow volume is obtained after several minutes in our model, the
concentrations of 5-HIIA and HVA was gradually increased over time and become stable after 90 min.
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After the i.p. application of distilled water the outflow CSF volume significantly increased while
concentration of 5-HIIA and HVA significantly decreased during 30 min.
Observed results suggest that changes in serum osmolarity change the CSF volume and concentrations
of neurotransmitters metabolites because of the osmotic arrival of water from CNS blood capillaries
into all CSF compartments.

PP35
Compensated hyperosmolarity of cerebrospinal fluid and development of hydrocephalus
Klarica M. (1), Miše B (2), Vladić A. (3), Radoš M. (1), Orešković D. (4)
(1) University of Zagreb, School of Medicine, Department of Pharmacology and Croatian Institute for
Brain Research, Zagreb, Croatia; (2) University of Zagreb, School of Medicine, University Hospital for
Infectious Diseases, Zagreb, Croatia; (3) Clinical Hospital Sveti Duh, Department of Neurology, Zagreb,
Croatia; (4) Ruđer Bošković Institute, Department of Molecular Biology, Zagreb, Croatia
Acute osmolar loading of cerebrospinal fluid within one lateral ventricle of dogs was examined as a
cause of water extraction from the bloodstream and an increase in intracranial pressure. We have
shown that a certain amount of radiolabeled water (3H2O) from the bloodstream enters osmotically
loaded cerebrospinal fluid significantly faster, hence causing a significant increase in intracranial
pressure. The noted phenomenon in which intracranial pressure still significantly increases, but in
which the hyperosmolarity of the cerebrospinal fluid is no longer present, was named “compensated
hyperosmolarity”. In the case of the sub-chronic application of hyperosmolar solutions into cat
ventricles, we observed an increase in cerebrospinal fluid volume and a more pronounced
development of hydrocephalus in the area of application, but without significant increase in
intracranial pressure and without blockage of cerebrospinal fluid pathways. These results support the
newly proposed hypothesis of cerebrospinal fluid hydrodynamics and the ability to develop new
strategies for the treatment of cerebrospinal fluid-related diseases.

PP36
Volumetric analysis of cerebrospinal fluid and brain parenchyma in patient with
hydranencephaly and macrocephaly
Radoš M. (1), Mučić-Pucić B. (2), Nikić I. (1), Raguž M. (1), Galkowski V. (1), Mandić D. (1), Orešković D.
(3), Klarica M. (4)
(1) Croatian Institute for Brain Research, University of Zagreb School of Medicine, Zagreb, Croatia; (2)
Special hospital for chronic children diseases Gornja Bistra, Bistra, Croatia; (3) Department of
Molecular Biology, Rudjer Bošković Institute, Zagreb, Croatia; (4) Department of Pharmacology,
University of Zagreb School of Medicine, Zagreb, Croatia
Hydranencephaly is a rare disorder where almost all cerebral hemispheres are absent and replaced by
cerebrospinal fluid (CSF) often accompanied with extreme increase of head size. We present
intracranial volumetric analysis of residual brain parenchyma and CSF in 29 years old women with
hydranencephaly and macrocephaly. Head scan was performed using 3T magnetic resonance device
and manual segmentation of brain parenchyma and CSF was made separately for supratentorial and
infratentorial space using Analyze 8.0 software.
Total volume of intracranial space was 3645,44 cm³. In supratentorial space volume of CSF was
3375,19 cm³ while brain parenchyma was reduced to only 88,69 cm³. In infratentorial space volume of
CSF was 101,29 cm³ and volume of brain parenchyma was 88,69 cm³. Analysis of structural MR images
reveal that in supratentorial space there is no visible remnants of choroidal plexuses and only parts of
diencephalon, left temporal lobe and occipital lobes are spared. Infratentorial structures of brain
steam and cerebellum are hypoplastic but completely developed.
From our volumetric data it is obvious that hydranencephaly is primary consequence of increased CSF
volume in supratentorial space. Mechanism of development of macrocephaly assumes presence of
hypertensive hydrocephalus before closing of the sutures of the cranial bones. According to classical
hypothesis of CSF physiology, hypertensive hydrocephalus is interpreted by impaired CSF secretion,
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circulation or absorption. Taking into account that in our patient there are no visible supratentorial
plexuses or obstruction between potential CSF origin and dural sinuses (hypothetical place of CSF
absorption), some other pathophysiological mechanisms of described case should be proposed in
accordance to new hypothesis of intracranial fluids physiology recently published from our laboratory.

PP5 Neuroethics
PP37
Implications of advances in neuroscience and technology
Erhardt J. (1)
(1) Department of Animal Physiology, Biology Division, Faculty of Science, University of Zagreb, Croatia
Neuroethics is the study of the ethical, social and legal issues that have resulted from our knowledge
of neuroscience and technology. The implications that neuroscience can have for society in the legal,
political, and ethical realms have been a subject of interest for a long time. However, the beginning of
21st century brought exponential growth in interest for this field and neuroethics has grown as an
independent field, with its own journals, professional society and institutional centers. This growth
over the past decade is partly attributable to the growth of neuroscience itself and to the challenging
philosophical and moral questions it inherently raises.
Being the organ related to our consciousness, to our sense of self, the organ of our individuality,
memory, emotions, dreams and creative abilities, discussions about influencing or improving the brain
cause heated reactions and are of great concern to the public. Irrespective of their validity, the claim
that modern neuroscience entails the re-examination of complex and sensitive topics like free will,
consciousness, identity, and responsibility raises significant ethical issues.
Some core themes of neuroethics are presented, including cognitive enhancement, pharmaceutical
enhancement of mood and vegetative functions, neuroimaging, brain-machine interfaces and
nonpharmacologic enhancement, as well as the ethical problems raised by our understanding of the
neural bases of behavior, personality and consciousness.
The aim is to initiate a discussion and motivate Croatian neuroscientists, clinicians, psychiatrists,
psychologist and others that might have interest in this fascinating field to become active agents in
spreading awareness on neuroethical issues.

PP6 Neurodegenerative disorders
PP38
Selective activation of the prefrontal cortex: Preclinical marker for Alzheimer's disease?
Josef Golubić S. (1), Čaklović L. (2), Aine C.J. (3), Stephen J.M. (4), Adair J.C. (4), Knoefel J.M. (4), Supek
S. (1)
(1) Department of Physics, Faculty of Science, University of Zagreb, Croatia; (2) Department of
Mathematics, Faculty of Science, University of Zagreb, Croatia; (3) Department of Radiology, UNM
School of Medicine, Albuquerque, NM 87131, USA; (4) The Mind Research Network, Albuquerque, NM
87106, USA
Magnetoencephalographic techniques with excellent time resolution offer a valuable approach for
assessing the pathological changes in neuromagnetic patterns of activity in Alzheimer's disease (AD)
patients. In this study we used spatio-temporal source localization methods to identify the activated
cortical networks evoked by simple tone stimuli within an oddball paradigm and a battery of
neuropsychological tests (REY, CVLT, WAIS-R, WAIS-R, WAIS-R, MMSE and GDS) in an effort to
discriminate between 10 patients diagnosed with amnestic Mild Cognitive Impairment and probable
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AD compared to the 10 age-matched controls. Data were recorded with the CTF-275-channel system
in a magnetically shielded room at the Mind Research Network in Albuquerque, NM. Multi-dipole
source localizations were conducted during the first 30-100ms using Calibrated Start Spatio Temporal
algorithm. Multivariate technique and statistical analyses were used for exploring abilities to
discriminate between the subject categories within the whole data space. Spatio-temporal source
localization identified three active cortical areas: prefrontal cortex (PF) in addition to the bilateral
supratemporal gyri (STG). STG generators were localized in 20/20 subjects for both tones of paradigm.
PF generator was localized in all 10 controls: in 4/10 by both tones and in 10/10 by rare tone. 9/10
patients with diagnosis of Alzheimer's type dementia were lacking PF activation regardless of tone
condition. These results demonstrate detection of AD patients with 100% sensitivity and 90%
specificity. There was very strong correlation between MMSE/REY test results and activation of PF
generator (r=0.99). From clustering approaches three categories of subjects emerged: a) PF generator
evoked with both tones, MMSE=30 and REY≥23; b) PF generator evoked only with the rare tone,
26<MMSE≤ 30 and 17≤REY<23 and c) lack of PF generator, MMSE<26 and REY<17. Selective activation
of the PF generator to rare tone and significantly lower MMSE/REY test scores in a group within the
control category of subjects reveals the possibility of AD detection at a very early, non-symptomatic
stage of the disease. The absence of PF activity in AD patients and selective activation of PF on
auditory stimuli could become a biomarker significant not only in the diagnosis of disease, but also in
detection of its preclinical phase.

PP39
Chromosome mis-segregation and aneuploidy including trisomy 21 in neurodegenerative
tauopathies, frontotemporal dementia and Niemann-Pick disease
Granić A. (1), Caneus J. (2), Dickson D. (3), Potter H. (2).
(1) Institute for Ageing and Health, Newcastle University, Campus for Ageing and Vitality, Newcastle
upon Tyne, NE4 5PL, United Kingdom; (2) Department for Neurology and Linda Crnic Institute for Down
Syndrome, University of Colorado School of Medicine, Anschutz Medical Campus, 12700 East 17th
Place, Aurora, Colorado, 80045, USA; (3) Department of Neuroscience, Neuropathology Laboratory,
Mayo Clinic, Jacksonville, Florida, 32224 USA
Several lines of investigation have demonstrated the presence of cell cycle defects and genomic
instability in Alzheimer’s disease (AD). We found chromosome mis-segregation and aneuploidy,
especially trisomy 21, cells in 1) fibroblasts from AD patients (sporadic and familial); 2) spleen and
brain cells of transgenic mice harboring mutations in the APP and presenilin genes; and 3) human cells
and Xenopus cell extracts exposed to β-amyloid (Aβ) in vitro. Trisomy 21 and other aneuploidy in
sporadic AD have been replicated in lymphocytes, buccal cells, and neurons. Arendt et al (2010)
showed that AD neurons are ~10% trisomy 21 plus 20% other aneuploidy, and that the loss of
aneuploidy/hyperploid neurons can account for 90% of the neuronal cell death in patients
transitioning from mild to severe AD.
The accumulation of trisomy 21 neurons in AD patients is particularly interesting because of the 1)
presence of AD-like pathology and neurodegeneration in Down syndrome (DS) patients; 2)
development of early dementia in mosaic trisomy 21 individuals; and 3) development of familial AD in
individuals with a duplicated APP region on one chromosome 21 (HSA21).
Frontotemporal dementia (FTD), an early-onset neurodegenerative disease, is characterized by the
accumulation of tangle-bearing neurons, in the absence of amyloid pathology. Because mutations in a
microtubule-stabilizing protein tau (MAPT) cause FTD, we hypothesized that FTD patients may, like in
AD show defective mitosis, and accumulate trisomy 21 and other aneuploidy in brain and peripheral
tissues. We found that mutant Tau genes participate in the cell cycle and contribute to genomic
instability. Many brain and spleen cells from FTD patients and mouse models thereof are aneuploid for
HSA21, HSA12, and MMU16 respectively, and FTD mutant Tau genes induced chromosome missegregation in human cultured cells.
Similarly, we found that in another tauopathy, the Niemann-Pick C (NPC) disease, patients harboring
mutations in NPC1 gene also accumulate trisomy 21 neurons, glia and fibroblasts.
49

4. Croatian Congress of Neuroscience, September 20-21, 2013, Zagreb, Croatia
Together these results suggest that, similar to AD mutations, mutated Tau and NPC1 genes participate
in mitosis, and contribute to genomic instability and accumulation of aneuploidy, which may
characterize and underlie neuronal cell death in a variety of neurodegenerative disorders.

PP40
CSF tau protein phosphorylated at threonine 231 as a potential biomarker of early stages of
Alzheimer’s disease
Babić M. (1), Kustek I. (2), Klepac N. (3), Borovečki F. (3), Hof P.R. (4), Šimić G. (1).
(1) Croatian Institute for Brain Research, University of Zagreb School of Medicine, Šalata 12, 10000
Zagreb, Croatia; (2) Faculty of Science, University of Zagreb, Rooseveltov trg 6, 10000 Zagreb, Croatia;
(3) Clinic of Neurology, Clinical Hospital Center Zagreb, Kišpatićeva 12, 10000 Zagreb, Croatia; (4)
Fishberg Department of Neuroscience, Icahn School of Medicine at Mount Sinai, New York, USA
Mild cognitive impairment (MCI) is a syndrome characterized by cognitive impairment without
dementia, which primarily affects episodic memory. Patients with MCI often have an initial stage of
Alzheimer's disease (AD). Tau protein phosphorylated at threonine 231 (pT231) has recently been
proposed as a possible biological marker of early AD. In this pilot study we tested whether the
measurement of pT231 in the cerebrospinal fluid (CSF) correlates with other pathological features
characteristic of AD in patients with MCI. A positive answer to this question would mean that this
marker could be used to detect AD in the early stage of the disease. The concentration of pT231 was
determined using ELISA kits in the CSF of 34 patients with probable AD, 25 MCI patients, and 7 healthy
controls. Levels of pTau231 were significantly higher in the group of AD patients than in MCI patients
or healthy control. ROC curve analysis showed that pTau231 could differentiate AD patients from
healthy control with a sensitivity of 73.5% and a specificity of 85.7%. The cut-off level for pTau231
(1.904 U/ml) was defined when the sum of specificity and sensitivity was maximized. About 32% of
MCI patients had pTau231 levels higher than the cut-off, while the rest of MCI patients (68%) had
normal pT231 levels. These data suggest that about one third of MCI patients could be defined as a
high-risk group with amnestic MCI. However, a follow-up period of at minimum 5 years is necessary to
determine whether these patients will actually convert to AD. In conclusion, pT231 may be a useful
biological marker for AD detection in the preclinical stage of the disease.

PP41
Alzheimer Croatia – serving people with dementia since 1999
Mimica N. (1,2,3), Šimić G. (2,3,4), Dajčić M. (3)., Treščec-Ivičić M. (5), Dajčić T (3)
(1)University Psychiatric Hospital Vrapče, Bolnička cesta 32, 10090 Zagreb, Croatia; (2) School of
Medicine, University of Zagreb, 10000 Zagreb, Croatia; (3) Alzheimer Croatia, Vlaška 24, 10000 Zagreb,
Croatia; (4) Croatian Institute for Brain Research, School of Medicine, University of Zagreb, Šalata 12,
10000 Zagreb, Croatia, (5) Dom zdravlja Trnje, Kruge 44, HR-10000 Zagreb, Croatia.
Alzheimer Croatia (AC), former Alzheimer Disease Societies Croatia (ADSC), since its beginnings from
1999 is helping people with dementia (PWD), their families and careers. We are fighting stigma, and
bringing education to target and general population. Our Society doesn’t have paid staff, so the whole
work is done by volunteers. In our Counseling centre we have weekly meetings for families of PWD
and all other interested. The AC has published four booklets, various leaflets, all in large number and
we distributed them for free in public places. Till now our members have spoken to media in
numerous occassions (TV, radio, newspapers) and we have organized various lectures, participated on
many Meetings, Conferences and Congresses dealing with AD and dementia - all in the aim to raise
awareness on dementia, and to present our work for PWD and their caregivers. In year 2012 we have
organized the 6th Croatian Congress on AD with international participation in Primošten and this was
one of the biggest meeting on AD in Croatia. Beside that, AC organized three Psychogeriatric
Symposiums on island Rab, last one in 2006. For last eight years we have celebrated the World
Alzheimer’s day (September 21st), at on the most popular squares in center of Zagreb. We have also
organized the humanitarian public events called “Summer evenings on Zrinjevac” in which we raise
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financial support for the AC. Our web-site (www.alzheimer.hr) is rebuilt and till today we have more
than 33000 visits. On our 24-hours help-line (+385 91 569 16 60) we are receiving calls every day
coming from whole Croatia, but also from Bosnia and Herzegovina as well as from other countries of
the region. We are regularly replying to numerous letters coming through e-mail (alzheimer@xnet.hr).
Our work is also internationally recognized, so we became a full member of Alzheimer’s Disease
International (ADI) in 2006, and of Alzheimer Europe (AE) in 2012. Our office has a nice location, in the
center of metropolis (Vlaška 24, Zagreb).
E-mail: alzheimer@xnet.hr

PP42
Inner nuclear membrane protein Asi2 is targeted for proteasomal degradation in the
nucleus by the components of the ERAD pathway
Boban M.(1,2), Foisner R. (1)
(1)Max F. Perutz Laboratories/Medical University of Vienna, Dr. Bohr-Gasse 9, Vienna, Austria; (2)
University of Zagreb, School of Medicine, Šalata 3, Zagreb, Croatia
Toxicity of aberrant poly-glutamine expanded proteins that cause a family of neurodegenerative polyglutamine diseases appears to be higher when these proteins localize to the nucleus, than to the
cytoplasm. This might be due to different mechanisms of protein quality control and degradation in
these two compartments. Although protein degradation can occur in the nucleus, most protein quality
control systems have been identified in the cytoplasm and the evidence of degradation-mediated
protein quality control in the nucleus is just emerging. Particularly, molecular mechanisms by which
integral membrane proteins of the nuclear envelope are degraded remain largely unknown. The
nuclear envelope is a system of two continuous membranes that confines genetic material within the
nucleus. While the outer nuclear membrane is a direct extension of the endoplasmic reticulum (ER)
membrane, the inner nuclear membrane (INM) contains specific proteins involved in genome
organization and gene expression. We have investigated the turnover of an integral INM protein Asi2
in the eukaryotic model yeast Saccharomyces cerevisiae. Interestingly, we found that Asi2 has a fairly
short protein half life of 35 min and is degraded in a proteasome dependent manner. The turnover
rate of Asi2 was decreased in a sts1-2 mutant that fails to accumulate proteasomes in the nucleus,
indicating that Asi2 is degraded by the nuclear proteasomes. Moreover, Asi2 was specifically stabilized
in a deletion mutant lacking ubiquitin ligase Doa10, a key component of the ER-associated degradation
(ERAD) pathway, and in deletion mutants for associated ubiquitin conjugating enzymes, ubc6Δ and
ubc7Δ. Accordingly, we found that Asi2 was post-translationally modified by ubiquitin in Doa10- and
Ubc7-dependent manner. Together our results reveal a molecular pathway involved in INM-protein
degradation and suggest that integral membrane proteins can be subject to protein quality control in
the nucleus. As nuclear accumulation of aberrant proteins is associated with pathological conditions,
our study not only addresses a fundamental biological process, but might also contribute to identifying
underlying mechanisms of neurodegenerative diseases.

PP43
Polymorphisms of the brain-derived neurotrophic factor and cognitive impairment in
patients with Alzheimer’s disease and mild cognitive impairment
Nikolac Perković M. (1), Borovečki F. (2), Klepac N. (3), Hajnšek S. (3), Mück-Šeler D. (1), Pivac N. (1)
(1) Division of Molecular Medicine, Ruđer Bošković Institute, Bijenička cesta 54, Zagreb, Croatia; (2)
Department for Functional Genomics, Center for Translational and Clinical Research, University of
Zagreb School of Medicine, and University Hospital Center Zagreb, Zagreb, Croatia; (3) Department of
Neurology, University Clinical Hospital Center Zagreb, Zagreb University School of Medicine, Zagreb,
Croatia
Alzheimer disease (AD) is a progressive neurodegenerative disorder characterized by progressive loss
of cognitive function. Since there is no cure for AD, the studies of the early phases of AD, that are
trying to find new biological markers that could serve as early diagnostic indicators, have pointed out
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the potential importance of early detection of mild cognitive impairment (MCI). MCI is a disorder that
has been associated with risk for AD since it represents a transitional state between normal and
pathological aging (characterized with cognitive impairments that lead to dementia). Brain-derived
neurotrophic factor (BDNF) is a member of the neurotrophin growth factor family which is implicated
in modulating neuronal survival, differentiation, neuroregeneration, synaptic plasticity and cognition
in the brain.
The aim of this study was to investigate whether selected BDNF polymorphisms: rs 6265 (Val66Met),
rs11030104, rs7934165, rs1519480 and rs56164415 (C270T), are associated with cognitive impairment
in patients with AD and MCI. The study included 82 patients with AD and 49 patients with MCI.
Diagnosis of AD was done according to the NINCDS-ADRDA and DSM-IV criteria. Cognitive impairment
was evaluated using Mini-Mental Status Examination (MMSE) and Clock Drawing Test (CDT).
Genotyping was done using the TaqMan SNP Genotyping Assay. Our results showed an association
between rs1519480 and MMSE scores in patients with AD (F=3.856; P=0.025) and MCI (F=3.270;
P=0.047). A marginal association between MMSE scores and C270T polymorphism in patients with AD
(F=3.697; P=0.058) was detected. Similar results were obtained using CDT scores to predicts person's
cognitive abilities, indicating that AD patients differ significantly (F=4.666; P=0.034) in CDT scores
when subdivided according to the rs1519480 genotypes. This association was marginally significant in
individuals with MCI (F=3.904; P=0.054). An association between rs11030104 and CDT scores in AD
(F=5.495; P=0.022) was detected. Other analysed polymorphisms were not significantly associated
with MMSE or CDT scores in AD and MCI patients. The present findings confirmed a major role of
BDNF in AD, and revealed a potential role of two selected BDNF polymorphisms (rs1519480 and
rs11030104) in cognitive decline that is characteristic for patients with AD and MCI.

PP7 Cognitive neuroscience
PP44
The relationship between sleep habits and academic performance in dental students in
Croatia
Lusić L. (1), Valić M. (1), Pecotić R. (1), Peroš K. (2), Đogaš Z. (1)
(1) Department of Neuroscience, University of Split School of Medicine, Šoltanska 2, 21000 Split,
Croatia; (2) Department of Pharmacology, University of Zagreb School of Dental Medicine, Gundulićeva
5, 10000 Zagreb, Croatia
Numerous studies have shown that students with more regular sleep-wake patterns report higher
grade point average (GPA), whereas students with lower grades report increased daytime sleepiness
as a consequence of decreased sleep duration. Medical students received particular attention in sleep
research because of high academic demands. However, sleep habits among dental medical students
have been insufficiently addressed in the literature. The purpose of this study was to evaluate sleep
habits of dental students and the relationship between sleep habits and academic performance.
The participants were 447 dental students from Split University Dental Medicine School and Zagreb
University Dental Medicine School. The subjects were classified in two groups based on academic
success (high performing vs. low performing students). The final version of the questionnaire
consisted of questions on demographics, academic success, sleep habits, satisfaction with sleep, sleep
related disturbances and the usage of pharmacologically active substances.
Among the whole group of students, average bedtime during weekday was significantly earlier
compared to weekend (23:53 ± 0:55 vs. 01:23 ± 1:38; P < 0.001). Similarly, average waketime of
students was significantly earlier during weekday, compared to weekend (7:02 ± 0:44 vs. 10:03 ± 1:27;
P < 0.001). Main findings of the current study indicate that students with high academic performance
had earlier bedtimes during weekdays (00:02 ± 1:00 vs. 23:44 ± 0:49; P = 0.004; Figure 2), and during
weekends (01:39 ± 1:38 vs. 01:08 ± 1:23; P = 0.016; Figure 3). High performing students show earlier
wake times during weekends (9:53 ± 1:26 vs. 10:18 ± 1:29; P = 0.011; Figure 3), and shorter sleep
latency (9:38 ± 12:21 vs. 18:17±18:41; P = 0.008). Also, high performing students reported to have the
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usual amount of sleep in the night before an exam, more often than low performing students (38.8%
vs. 21.7% respectively).
Current study indicates that students with high academic performance had earlier bedtimes on
weekdays and weekends, earlier wake time on weekends, and shorter sleep latency, compared to low
performing students.

PP45
Neuromagnetic study of the auditory gating phenomenon
Josef Golubić S. (1), Aine C.J. (2), Stephen J.M. (3), Adair J.C. (3), Knoefel J.E.(3), Supek S. (1)
(1) Department of Physics, Faculty of Science, University of Zagreb; (2) Department of Radiology, UNM
School of Medicine, Albuquerque, NM 87131, USA; (3) The Mind Research Network, Albuquerque, NM
87106, USA
The amplitude variability of the M50 component of the auditory neuromagnetic responses is
commonly used to explore the brain’s ability to modulate its sensitivity to incoming auditory stimuli, a
process conceptualized as the gating mechanism. Despite many studies of the gating network
topology, it remains an open question. The goal of this study was to identify the spatial and temporal
characteristics of the cortical sources underlying the M50 complex evoked by the tones of a passive
oddball paradigm (1 kHz, p=0.8; 1.2 kHz, p=0.2). Twenty elderly subjects (10 healthy and 10 patients
diagnosed with Alzheimer's type dementia in mild and advanced stages) were examined using
magnetoencephalographic recordings (CTF 275-channel whole-head system, VSM MedTech, Ltd.) in a
magnetically shielded room at the MIND Research Network in Albuquerque, New Mexico and the
multi-dipole Calibrated Start Spatio-Temporal (CSST) source localization method. We identified three
cortical regions underlying the M50 network: prefrontal cortex (PF) in addition to bilateral activations
of superior temporal gyri (STG). We characterized the cortical dynamics of the PF source within the 30100 ms post-stimulus interval and found that it is comprised of two subcomponents peaking
successively at 46-50 ms (Mb1c) and 80-88 ms (Mb2c) post-stimulus. The PF source was localized for
10/10 healthy subjects, whereas 9/10 demented patients were lacking the PF source for both tone
conditions. The selective activation of the PF source within the M50 network according to subject
diagnostic categories enabled a differential analysis of the functional relation between individual
sources within the network. We found significantly enhanced activity of the STG sources in both tone
conditions for all subjects who lacked a PF source. Reported results provide novel insights into the
topology and neurodynamics of the M50 auditory network and suggest an inhibitory role of the PF
source that suppressed activity of the STG sources in the auditory gating phenomenon.

PP46
Attentional modulation of the M50 gating network
Josef Golubić S. (1), Sušac A. (1), Huonker R. (2), Haueisen J. (2,3), Supek S. (1).
(1) Department of Physics, Faculty of Science, University of Zagreb, Croatia; (2) Department of
Neurology, Friedrich Schiller University, Jena, Germany; (3) Department for Biomedical Engineering and
Informatics, Technical University Ilmenau, Germany
Identification of the topology and cortical dynamics of the M50 auditory gating network may advance
understanding of the neural ability to inhibit redundant information since disruption of this ability is
often associated with pathological conditions. This study challenges the accepted model of the M50
gating as a pre-attentive, automatic inhibitory process by investigating whether a voluntary attention
directed at the second tone of a pair could compromise the gating out phenomenon at the cortical
level. We used MEG recordings (Elekta Neuromag, Oy 306-channel whole-head system) acquired in a
magnetically shielded room at the Biomagnetic Center in Jena, Germany, while multi-dipole CSST
method for spatio-temporal source localization was used to identify the M50 cortical network evoked
within a paired-click paradigm in 19 healthy younger subjects. Two consecutive (ISI=500 ms) identical
short tones (S1 and S2; duration=20ms; f=1200Hz; ITI=8±1ms) were used to evoke standard gating
cortical responses. Directing attention toward S2 tone was assessed by the task to respond to a non53
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identical second tone of the gating pair (R= 1300Hz, p (S1R) = 0.3) in the second condition. Our results
indicated the activation of 3-4 brain regions in a 30-100ms time interval evoked within a classical
passive paradigm, including bilateral superior temporal gyri (STG), lateral prefrontal (LPF) and parietal
(PA) regions. Targeting attention toward the second tone activated orbitofrontal (OF) region in
addition to bilateral STG and enhanced the M50 amplitude of the STG responses to the repeated tone
(S2). Gating out phenomenon was evident only in the dynamics of the STG sources while PA, PF and
OF generators didn't suppress their responses to the repeated tone. The classical cortical gating out
ratio (S2/S1) in the dynamics of the STG sources was found to be 68% lower than in the engaging
attention condition. Our novel finding demonstrating an attentional modulation of the dynamics and
topology of the M50 gating network suggests using controlled attention as a potentially effective
approach to reduce gating out phenomenon disorders that occurs in many pathological conditions and
diseases such as schizophrenia, autism or ADHD.

PP47
Cognitive development related to anthropomethric parameters in preschool children born
after asymmetrical intrauterine growth retardation
Šimić Klarić A.(1), Kolundžić Z.(1), Galić S.(1), Mejaški Bošnjak V. (2)
(1) General County Hospital, Osječka 107, 34000 Požega, Croatia; (2) Children's Hospital Zagreb,
Klaićeva 16, 10000 Zagreb, Medical School, University of Zagreb, Šalata 12, 10000 Zagreb, Croatia
The aim of the study was to assess the cognitive and language development and impact of postnatal
growth in preschool children born with asymmetrical intrauterine growth retardation.
Examinees were born at term with birth weight below the 10th percentile for gestational age, parity
and gender. Mean age at the time of study was six years and four months. The control group was
matched according to chronological and gestational age, gender and maternal education with mean
age six years and five months. There were 50 children with intrauterine growth retardation and 50
controls, 28 girls and 22 boys in each group. For the assessment of language development Reynell
Developmental Language Scale, the Naming test and Mottier test were performed. Developmental
Test Čuturić, Imitative Hand Positions and Test of Visual Attention from a Developmental
Neuropsychological Assessment were provided for the cognitive assessment.
Spearman correlation coefficients between anthropometric parameters and language measures
indicated that there was statistically significant positive correlation between anthropometric
parameters (birth weight and length, head circumference at birth, actual body weight and height, and
actual head circumference) and most of language variables. Imitative Hand Positions Test (both hands)
was positively correlated to birth weight and length, but not with the actual antropomethric
measures.
In conclusion, intrauterine growth retardation has a negative impact on language and cognitive
development evident in preschool years. Most of language variables are positively correlated to all
measured anthropometric parameters. Imitative Hand Position Test is positively correlated to birth
weight and length, but not with the actual antropomethric measures.

PP48
Unique, just like everyone else – an experimental study on consistent individual differences
in captive common marmosets (Callithrix jacchus)
Šlipogor, V. (1, 2), Gunhold, T. (1), Tadić, Z. (2), Bugnyar, T. (1)
(1) Department of Cognitive Biology, Faculty of Life Sciences, University of Vienna, Althanstrasse 14,
1090 Vienna, Austria; (2) Division of Biology, Faculty of Science, University of Zagreb, Rooseveltov trg 6,
10000 Zagreb, Croatia
The first ideas about individual uniqueness derived from the human psychology theory; today this
research topic has also gained momentum in animal biology, and has been studied in a variety of
animal species. So-called 'animal personalities' (individual differences, temperaments or behavioural
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syndromes) are groups of correlated behaviours; i.e. behaviours that are consistent within an
individual of the same species throughout time, contexts and situations. Studies on non-human
animals are usually based on behavioural and/or physiological data, yet studies on non-human
primates, like the majority of human studies, tend to be based on questionnaires. In this project, we
studied 21 individuals from three captive family groups of common marmosets (Callithrix jacchus) in
five different behavioural tasks (general activity, novel object, novel food, predator and foraging under
risk) on two distinct occasions. Several parameters, such as latencies, manipulation time, foraging,
locomotion, focus and vocalisations were recorded. From these, we extracted four principal
components that explained together 82.28% of variance. The first three components consisted of the
predicted traits related to boldness-shyness (39.53%), activity (19.52%) and exploration-avoidance
(14.75%). The fourth component emerged unexpectedly and consisted of duration of calls given
(8.48%), perhaps indicating a trait with a social character. As additional illustration of a complete
behavioural repertoire of common marmosets we conducted comparisons between sexes and among
the three family groups. Altogether, our findings support the hypothesis that personality traits are
consistent within an individual across time and different contexts.

PP49
The lexical feature of imageability in the mental lexicon of people with aphasia
Biočina Z. (1), Čolović N. (1), Erdeljac V. (1), Feldman E. (1), Jelovac T. (1), Masnikosa I. (1), Willer-Gold
J.(1)
(1) Linguistics Department, Faculty of Humanities and Social Sciences, University of Zagreb, Ivana
Lučića 3, 10000 Zagreb, Hrvatska
The lexical feature of imageability is a semantic category of a word which refers to the greater or
smaller degree of picturability of a lexeme. Imageability is the possibility of shaping a visual or auditive
mental image of a word. While high imageable words are easier to imagine as they evoke a relatively
clear mental picture, low imageable words are harder to imagine as they are more abstract. In this
paper, we will present the results of the research of lexical processing of spoken and written word in
relation to the feature of imageability conducted on the sample of 25 people with aphasia and on 21
participants of the control group.
The study investigates whether there is a significant difference in the semantic processing of high and
low imageable words in people with aphasia compared to the participants of the control group when
presented with a visual or auditive stimulus. The research is motivated by two hypotheses. Firstly, the
greater asymmetry in semantic processing of high and low imageable words will be found in people
with aphasia compared to the participants of the control group; and secondly, the processing of low
imageable words will be less successful in both groups.
The research was conducted on the basis of three tests designed to examine the processing of the
lexical feature of imageability: Auditory Synonym Judgements, Written Synonym Judgements and Word
Semantic Association from the battery of tests PALPA (Psycholinguistic Assessments of
Language Processing in Aphasia, Kay i dr.1992 ), translated into Croatian language and
adapted for Croatian speakers. Results of the first two tests are interpreted in comparasion with the
results of the semantic association test. The quantitative (statistical) and qualitative (linguistic semantic) analysis of the results is conducted.
The problems with the recognition of the low imageable words are caused by the difficulties in finding
appropriate semantic representations in the mental lexicons of speakers. [Balota et al., 20006.] This
study examines to which extent the abstractness of a word influences its recognition as well as
explores how the imageability feature is incorporated in the processing of meaning in the mental
lexicon.
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Association between serum 25(OH)D and the risk of cognitive decline in the very old: The
Newcastle 85+ study
Granić A. (1), Hill T. (1,2), Kirkwood T. (1), Davies K. (1), Collerton J. (1), Martin-Ruiz C. (1), von Zglinicki
T. (1), Saxby B.K. (1), Wesnes W. (3,4), Collerton D. (5), Mathers J.C. (1,2), Jagger C. (1)
(1) Institute for Ageing and Health, Newcastle University, Campus for Ageing and Vitality, Newcastle
upon Tyne, NE4 5PL, United Kingdom; (2) Human Nutrition Research Centre, Newcastle University,
Campus for Ageing and Vitality, Newcastle upon Tyne, NE5 4PL, United Kingdom; (3) Bracket Global, 19
Gatehampton Road, Goring on Thames, RG8 0EN, United Kingdom; (4) Department of Psychology,
Northumbria University, Northumbrian Road, Newcastle upon Tyne, NE1 8ST, United Kingdom; (5)
Institute of Neuroscience, Newcastle University, Framlington Place, Newcastle upon Tyne, NE2 4HH,
United Kingdom
Recent cellular, animal and epidemiological data point to the role of serum 25-hydroxyvitamin D
(25(OH)D) in brain development and function, including cognition, across the life span. Prospective
studies investigating the association between serum 25(OH)D and cognition in very old adults (85+)
are lacking. We used the Newcastle 85+ study to test the hypothesis whether non-optimal serum
25(OH)D concentrations (low and high) were associated with increased risk of global and attentionspecific cognitive decline over 3 years.
Cross-sectional (baseline) and prospective (up to 3-year follow-up) analyses of 845 participants from
the Newcastle 85+ study were assessed for global (measured by the Standardized Mini-Mental State
Examination [SMMSE]) and attention-specific (measured by Attention Battery of Cognitive Drug
Research [CDR] computerized system) cognitive performance in relation to serum 25(OH)D quartiles.
Prevalence of cognitive impairment was defined as scoring below 26 points of SMMSE at baseline, and
incidence as crossing the 25 points cut-off at follow-up, respectively. Changes in attention over 3 years
were examined by multilevel linear modeling with multivariate adjustments for risk factors for
cognitive decline/dementia and variables associated with baseline 25 (OH) D concentrations.
Compared with the middle quartiles, the lowest (≤25nmol/l) and highest (≥63nmol/l) serum 25(OH)D
quartiles were associated with the prevalent (OR=1.78, 95% CI: 1.20-2.65, P=0.004; and OR=1.75, 95%
CI: 1.18-2.60, P=0.005, respectively) but not incident global cognitive functioning, after adjusting for
confounders. Adjusted multivariate random effects models showed that participants belonging to
lowest and highest 25(OH)D, compared to those in middle quartiles had slower attention reaction
times (log-transformed) per unit time for Choice Reaction Time (lowest: β=0.025, P=0.008; highest:
β=0.019, P=0.009), Digit Vigilance reaction time (lowest: β=0.011, P=0.02; highest: β=0.012, P=0.002),
Power of Attention (lowest: β=0.015, P=0.008; highest: β=0.018, P=0.01), and greater Reaction Time
Variability (lowest: β=0.023, P=0.01; highest: β=0.021, P=0.02).
Non-optimal (low or high) serum 25(OH)D concentrations are strongly associated with prevalent but
not incident cognitive impairment in the very old. In addition, low and high serum 25(OH)D were
associated with worsening performance in more objectively measured attention-specific tasks over 3
years. Further investigation is warranted to determine whether 25(OH)D affects other domain-specific
cognitive functions in this age group.

PP51
Semantic processing in people with nominal and motor aphasia associated with different
stimuli: picture, written or spoken word
Dragojević E. (1), Drča N. (1), Kovač H. (1), Lendić A. (1), Radić I. (1), Rovčanić F. (1), Sekulić M. (1),
Munivrana, B. (2), Erdeljac, V. (1)
(1) Faculty of Humanities and Social Sciences, University of Zagreb, Ivana Lučića 3, 10000, Zagreb,
Republika Hrvatska; (2) The SUVAG Polyclinic, Ulica kneza Ljudevita Posavskog 10, 10000 Zagreb
In people with aphasia language difficulties can affect different language levels, while some of the
most common symptoms involve semantic processing. According to different approaches, which
assume that the language system is organized into separate processing modules which can be
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selectively impaired in case of brain damage, the language difficulties in people with aphasia are
interpreted as an impairment of specific modules and their interconnections (Doesborgh 2004: 2).
The aim of the study was to examine whether the two groups of people with aphasia are equally
successful in specific tests associated with different stimuli of a certain test. The testing included the
following subtests taken and adapted from the PALPA battery of tests (Kay et al. 1992): Spoken Word Picture Matching, Written Word - Picture Matching, Auditory Synonym Judgments, Written Synonym
Judgments, Word Semantic Association, Spoken Word - Written Word Matching, Picture Naming and
Repetition and Picture Naming and Frequency. Each subtest examines one or two types of stimuli from
the possible three types (picture, spoken and written word). The study focused on nominal and motor
aphasia (Gaskell 2007: 565) and included 12 subjects.
The statistical analysis revealed different results in the two groups of people with aphasia in the
following subtests: Spoken Word - Picture Matching and Auditory Synonym Judgments. Given the
types of stimuli, the results indicated a significant influence of the auditory stimulus (spoken word),
then the visual stimulus (picture), while the written stimulus was the least influential one. According
to this, these tests can be used as an instrument for determining the precise location of the language
impairment in the diagnostics of speech and language therapists when dealing with different types of
aphasia and when determining the different degrees of impairment of the specific processing modules
in nominal and motor aphasia. The results suggest that the subjects with motor aphasia have more
difficulties with semantic processing if it includes an auditory stimulus. These results can be seen as an
encouragement for further research of the influence of different stimuli on language processing in
different types of aphasia.

PP52
Body height and mating strategy – Taller men pursue more short-term relationships
Pavela I. (1), Banai B. (2)
(1) Department of Psychology, University of Zadar, Obala kralja Petra Krešimira IV, br. 2, 23 000 Zadar,
Croatia; (2) Croatian Employment Service, Kralja Stjepana Držislava bb, 23 000 Zadar, Croatia
Mating strategies are integrated sets of adaptations that organize and guide an individual’s
reproductive effort (Gangestad and Simpson, 2000). Compared to women, men on average have a
stronger preference for short-term mating strategy, i.e. sexual relationships without emotional
involvement (Simpson and Gangestad, 2000). However, much variability exists within men about the
degree to which they pursue short-term and long-term relationships (Gangestad and Simpson, 2001).
Current study focused on one variable that was predicted to influence men’s mating strategies – body
height, which is one of men’s phenotypic traits shaped by sexual selection. Taller men are perceived as
being more attractive and dominant (Nettle, 2002; Pawlowski and Jasienka, 2005), which is explained
by the assumption that height and stature signal certain heritable qualities, i.e. “good genes” and
reproductive success (Pawlowski, Dunbar and Lipowicz, 2000). If so, more attractive (taller) men could
be more prone to pursue short-term instead of long-term strategy, hence increasing their
reproductive success by coupling with greater number of women. This prediction was tested among
155 heterosexual male participants (mean age=25.34, sd=2.62). Self-reported measures of body
height, number of sexual partners and age of the first sexual intercourse were used. Participants also
filled out Croatian version of Sociosexual Orientation Inventory (SOI, Kardum et al., 2006). Greater
result on SOI means greater tendency to pursue short-term strategy. As predicted, positive linear and
quadratic relationships were found between body height and short-term mating tendency. Further
analysis revealed negative linear relationship between the age of the first sexual intercourse and
tendency to short-term mating strategy. Furthermore, it is showed that participants, who are more
prone to short-term strategy, have a greater number of sexual partners per year. These results could
be interpreted within the framework of evolutionary approach by identifying selection pressures
during evolutionary history.
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Performance on verbal fluency and mental rotation task in morning and evening types
Majić M. (1), Šimić N. (2), Gregov Lj. (3)
(1) Department of Psychology, University of Zadar, Obala kralja Petra Krešimira IV 2., 23000 Zadar,
Croatia; (2) Department of Psychology, University of Zadar, Obala kralja Petra Krešimira IV 2., 23000
Zadar, Croatia; (3) Department of Psychology, University of Zadar, Obala kralja Petra Krešimira IV 2.,
23000 Zadar, Croatia
Morningness-eveningness as an individual characteristic modulates daily efficiency, which is better
when an activation level is higher. Morning-types typically perform cognitive tasks better in the
morning than in the evening, whereas for evening-types it is the other way round. Corbera and Grau
(1993) postulate a selective tendency of preferential hemispherical elaboration: left dominance for
morning-type subjects and right dominance for evening-type subjects, while Folkard (1990) adduces
that diurnal changes in performance may reflect a morning-evening decrease in the degree of left
hemisfere dominance. According to these hypotheses, better efficiency in verbal tasks could be
expected in morning-types than in evening-types, and the opposite for spatial tasks. Therefore, the
aim of the study was to examine the daily variations in performance on verbal fluency and mental
rotation task in morning and evening-types subjects. Sixty-four female right-handed subjects (32
morning-type and 32 evening-type), aged 18 to 27, were selected from a sample (N=267) of university
students. Student Morningness-Eveningness Questionnaire by Šverko et al. was applied for
determining the subject's circadian typology. The Annet Hand Preferences Questionnaire, Thayer's
Activation-Deactivation Adjective Check List, Surface Development Test and the lexical form of verbal
fluency test were used. The subjects performed verbal and spatial task and their oral temperature
and assessments of activation level were recorded at two separate times of day (09:00-10:00 a.m.,
18:30-19:30 p.m.). As expected, the results showed that morning-types had higher body temperature
and general activation level in the morning than in the evening, while evening-type subjects showed
an opposite pattern. The results have also shown a better performance on the verbal fluency task in
the evening than in the morning. Furthermore, it was found that evening-types performed better both
tasks in the evening than in the morning. Concerning the correlations between indicators of activation
and cognitive performance, significant correlation was obtained between the general activation level
and performance on verbal fluency task in the evening only for the evening-type group. The results
however did not confirm the starting hypotheses and future research with more time points in a day
for testing performance on both simple and more complex tasks are needed.

PP54
The relationship between jealousy and extraversion in men and women
Mlakić T.(1), Šimić N. (1), Nikolić M. (1)
(1) Department of Psychology, University of Zadar, Obala kralja Petra Krešimira IV. 2, 23000 Zadar
Jealousy is a negative response to the actual, imagined or expected emotional or sexual partner’s
involvement with another person. There are two basic types of jealousy: emotional and sexual. The
majority of previous studies which have investigated the relationship between sex and type of
jealousy were found that women react more strongly to emotional infidelity and men on sexual.
Furthermore, the results in terms of extroversion are quite consistent and indicate the existence of a
negative correlation with jealousy. Previous studies usually used self-esteem as a measure of jealousy,
while decision times did not.
Therefore, the aim of this study was to determine whether the identified relations would exist using
more objective dependent variable.
219 participants (85 men, 134 women) took part in pre-testing whose purpose was to determine
sexual orientation and to measure level of extraversion. The main part of the study included 119
heterosexual participants (62 men, 57 women) whose z scores on the extraversion were ± 1sd. They
performed the tasks in which after presenting an imaginary scenario they had to make a choice
between two different answers (one relating to sexual and other on emotional infidelity), in
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accordance with which one cause them a greater degree of jealousy. Decision time was also
registered.
Analysis showed that male participants choose in equal proportion sexual (N=31; 50%) as emotional
jealousy ((N=31, 50%) while women more often choose emotional (N=43; 75%) in relation to sexual
jealousy (N=14; 25%). Analysis of time decisions confirm the aforementioned, i.e. women took
significantly less time when selecting emotional infidelity, while men took approximately the same
time when deciding on the type of infidelity to which they were more jealous. Extraverted individuals
are more sensitive than introverted ones in sexual infidelity and introverted are more jealous in
emotional than in sexual infidelity, but this trend was confirmed only for women. Extraverts and
introverts, regardless of gender, have had the same decision time.

PP55
Changes in the prevalence of EEG waves during performing psychomotor tasks of different
complexity
Nikolić M. (1), Gregov Lj. (1), Proroković A. (1)
(1) Department of Psychology, University of Zadar, Obala kralja Petra Krešimira IV. 2, 23 000 Zadar
Reviewing previous studies that used EEG it can be said that the presence of alpha and theta waves is
often used as an indicator of cognitive and memory performance in particular. With the increasing
tasks difficulty prevalence of these two types of waves is changed in the opposite direction, i.e. alpha
power decreases but theta power increases. Changes in the prevalence of beta rhythm during
performing different tasks are also systematic because this kind of waves are sensitive to changes in
alertness and focused attention.
The aim of this study was to determine whether there will be a change in the presence of alpha, beta
and theta waves with varying degrees of psychomotor tasks complexity. It also aims to assess whether
the changes in the dynamics of the nervous system would be different for the two groups of subjects,
with a higher and a lower basal level of nervous system functioning. A criterion for categorizing
participants was the presence of alpha rhythm on the Pz electrode during rest time with eyes closed.
The study included right-handed participants, with no neurological disorders, aged from 19 to 23
years. The participants were performing two types of tasks wit different levels of complexity: Fitts
tapping tasks (2, 4 and 6 bits) choice reaction time tasks (congruent and incongruent conditions).
Neural activity was monitored 10 minutes before and during the performance of the tasks.
Analyzing of results was done on 30 participants (15 in each category) to emphasize the possible
differences in the dynamics of participants with different basal functional level.
It was found that the alpha rhythm was not sensitive to changes in the complexity of the tasks, as
opposed to the theta rhythm whose spectral power increased while performing more complex tasks.
Alpha unlike theta rhythm well discriminate two categories of participants, as was to be expected
given that the alpha rhythm was taken as a criteria for categorization. Beta rhythm was inconsistent
when it comes to distinguishing the two participants’ categories, as well when it comes to changes in
complexity of the tasks.

PP56
Attention modulates the earliest visual neuromagnetic responses
Sušac A. (1), Josef Golubić S. (1), Bubić A. (2), Huonker R. (3), Gotz T. (3), Haueisen J. (3,4), Supek S. (1)
(1) Department of Physics, Faculty of Science, University of Zagreb, Bijenička 32, 10000 Zagreb,
Croatia; (2) Faculty of Humanities and Social Sciences, University of Split, Sinjska 2, 21000 Split,
Croatia; (3) Neurology Department, University Hospital Jena, Erlanger Allee 101, 07747 Jena, Germany
(4) Department for Biomedical Engineering and Informatics, Technical University Ilmenau, Germany
The selective attention effects in the primary visual area were first demonstrated using the
neurodynamic method of magnetoencephalography (MEG), after which they were repeatedly
confirmed by fMRI and numerous EEG/fMRI studies. Aine et al. showed that the attentional
modification that causes V1 reactivation at the latency of 150 ms may be attributed to feedback
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connections. Specifically, unlike the methods relying on slow hemodynamic responses, MEG and EEG
are able to track the evoked extracranial and cortical dynamics with millisecond resolution, and
provide valuable insights into the dynamics of activated and reactivated areas. Recent results have
shown attentional effects even at the level of the earliest C1 component of the measured evoked
responses triggered around 50-100 ms after the presentation of the visual stimulus.
In this study, we used MEG and spatio-temporal source localization in order to determine the location
and timing of the earliest visual attention modifications. Using multiple current dipoles we modeled
the earliest neuromagnetic responses to visual stimuli displayed in different parts of the visual fields.
During the experiment participants attended: 1) always at the same part of the visual field in the first
experimental condition, and 2) always at different parts of the visual field that were cued prior to each
trial in the second condition. The attentional effects in both experimental conditions were determined
by comparing the neuromagnetic responses to the same stimuli for the attended and non-attended
locations of their presentation. The evoked visual responses were measured on 14 subjects using
Elekta Neuromag 306-channel MEG system at the Biomagnetic Center in Jena. MEG data were
analyzed using the MRIVIEW Calibrated Start Spatio-Temporal (CSST) multi-start inverse procedure for
spatio-temporal source localization. The spatio-temporal localization of neuromagnetic sources
indicated an attentional modulation of the dynamics of the occipital contralateral source that was
identified 70-100 ms after the stimulus presentation. Both types of cueing resulted in the attentional
modulation.

PP57
Measuring eye movements during simple equation solving
Sušac A. (1), Bubić A. (2), Kaponja J. (1), Vrbanc A. (1), Planinić M. (1), Palmović M. (3)
(1) Department of Physics, Faculty of Science, University of Zagreb, Bijenička 32, 10000 Zagreb,
Croatia; (2) Faculty of Humanities and Social Sciences, University of Split, Sinjska 2, 21000 Split,
Croatia; (3) Laboratory for psycholinguistic research, Faculty of education and rehabilitation sciences,
University of Zagreb, Zvonimirova 8, 10000 Zagreb, Croatia
Equation rearrangement is an important skill required for problem solving in mathematics and other
scientific disciplines, e.g., physics or chemistry. In addition to the traditional behavioral methods, in
recent years eye tracking and functional neuroimaging methods are becoming increasingly used for
studying this ability. We conducted a series of studies aimed at determining the strategies deployed by
students of different ages while solving simple linear equations. We also investigated how these
strategies change during development. The results obtained within a study conducted at elementary
and high schools in Zagreb showed that students in higher grades become more accurate and faster in
rearranging equations, and that their use of concrete strategies such as replacing symbols with
numbers decreases. Measuring eye movements of students of different majors during simple equation
solving revealed that the participants improved their performance during the time course of the
measurement because students developed more advanced solving strategies. The obtained results
indicate that the measurement of eye movements provides insights into otherwise unavailable
cognitive processes. Specifically, a scan path analysis may be regarded as an objective indicator of
participants’ flow of attention during the equation solving, while the number of fixations may be used
as a reliable measure of problem difficulty and student expertise.

PP58
Childhood apraxia of speech – same symptoms, different etiology
Miler I.,(1), Blaži D. (2), Zaninović I. (3)
(1) Logopedski kabinet "Blaži", Prva prigorska 10a, Zagreb, Croatia; (2) Faculty of education and
rehabilitation sciences, Borongajska 83f, Zagreb, Croatia; (3) Logopedski kabinet "Blaži", Prva
prigorska 10a, Zagreb, Croatia
Childhood apraxia of speech (CAS) is by definition a neurological childhood speech sound disorder in
which the precision and consistency of movements underlying speech are impaired in the absence of
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neuromuscular deficits (e.g., abnormal reflexes, abnormal tone). CAS may occur as a result of known
neurological impairment, as a consequence of neurobehavioral disorders of known or unknown origin,
or it can be an idiopathic neurogenic speech sound disorder. The main problem is in planning and/or
programming spatiotemporal parameters of movement sequences which result with errors in speech
and prosody. For a child to produce a sound, a word or a sentence the brain has to know how to plan a
sequence of articulatory movements in a set time frame, speed and rhythm. In CAS the brain is
struggling with appropriate planning of movements underlying speech which results in partial or
complete inability of speech production.
The goal of this poster is to present the characteristics of speech and language development in two
children diagnosed with CAS whose etiology is completely different and to compare them on the
differential-diagnostic parameters of CAS.
The results show that different etiologic background can result with the same symptoms which
confirm that brain morphology isn't sufficient for determining CAS, similar speech and language or
cognitive disorders.
An interdisciplinary approach is necessary in diagnostics of the upper stated disorders considering the
shortcomings in existing brain function diagnostics. This implies a joint effort in detail analysis of
function from a speech-language pathologist, psychologist, education-rehabilitator and medical
doctor.

PP59
What is the role of executive functions in language acquisition?
Šimleša, S. (1), Cepanec, M. (1), Ljubešić, M. (1)
(1) Department of Speech and Language Pathology, Faculty of Education and Rehabilitation Sciences,
University of Zagreb, Borongajska cesta 83f, 10000 Zagreb, Croatia
Studies focused on the relation between executive functions and language in preschool children are
rare and mostly aimed at examining relation between language skills and verbal working memory or
on inhibitory control and cognitive flexibility in bilingual populations. Studies oriented towards
establishing the relation between various aspects of executive functions and language comprehension
in preschool children are non-existent.
The aim of this study was to examine the relation among different aspects of executive functions
(inhibitory control, working memory, planning and cognitive flexibility) and language comprehension
in preschool children. The final sample included 203 children aged four and five with average
nonverbal cognitive development. Measuring instruments for assessment of executive functions were:
Grass/Snow task; Inhibition task (NEPSY-II); Digit Span Task; CANTAB (Spatial Span task; Stockings of
Cambridge; Intradimensional/Extradimensional Set Shift) and Dimensional Change Card Sort; while for
assessment of language comprehension Reynell Developmental Language Scales was used.
Results showed that only two significant predictors of language comprehension in both age groups
were verbal working memory measured by Digit Span and inhibitory control measured by Grass/Snow
task. This study emphasises until recently insufficiently acknowledged importance of inhibitory control
and working memory for language comprehension in preschool children.

PP60
Masked priming paradigm reveals automatic processes in visual word recognition: An ERP
study
Palmović M. (1), Kuvač Kraljević J. (1) ,Hržica G. (1), Padovan N. (1), Jerbić A.B. (1)
(1) University of Zagreb, Laboratory for Psycholinguistic Research, Faculty of Education and
Rehabilitation Sciences, University of Zagreb
Masked priming paradigm has been used to study automatic processes related to visual word
recognition since 1980-ties. The strength and the robustness of the priming effect in a masked priming
experiment proved to be larger than in semantic or associative priming (Evett & Humphreys, 1981,
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Forster & Davis, 1984). During the last 15 years the masked priming paradigm has established as a
reliable tool to study automatic processes, primarily orthographic, phonological and morphological.
In this study we examined early processes in visual word recognition. Recent studies emphasize the
importance of occipito-parietal cortex and, in particular, left fusifom gyrus (Dehaene et al., 2001) in
extracting orthographic and phonological information unconsciously, during the exposure to the
stimulus that precedes the target word by 50-80 ms and is masked with the "########" symbols
before and after its presentation.
In a classical lexical decision task we manipulated graphical properties of the masked prime: it
consisted of the identical word/pseudoword in the base condition. In two other conditions the masked
prime had all the junctions and edges (L and T shaped parts of letters) either deleted or preserved
(with the straight lines deleted). In these conditions exactly 50% of pixels of each letter were deleted.
All pseudowords were generated by the OLD20 algorithm with the index of distance between words
and pseudowords ≥2 (either two letters differ, or two letter positions or a combination of these) with
the letter and bigram frequencies kept equal between words and pseudowords.
The results clearly dissociate orthographic and lexical retrieval processes both in terms of different
latencies and different scalp distribution. While a common N400 effect has been obtained in all
pseudoword conditions (with three graphically different primes), the difference in primes shows an
early effect in N1P1 complex on the parietal and occipital electrode sites. These results are consistent
with the current models of visual word recognition and may be further used, particularly in studying
dyslexia.

PP8 Clinical neuroscience
PP61
Dyskinetic cerebral palsy in asphyxiated term neonates – the challenge to identify mild
lesions
Mejaški Bošnjak V. (1), Kraegeloh-Mann I. (2), Daković I. (1), Marjanović J. (3), Grmoja T. (3)
(1)Children's Hospital Zagreb, Department of Neuropediatrics, University of Zagreb, School of
Medicine, Zagreb, Croatia; (2) University Children’s Hospital Tübingen, Department of Child Neurology,
Tuebingen, Germany; (3) Children's Hospital Zagreb, Department of Pediatric Radiology, University of
Zagreb, School of Medicine, Zagreb, Croatia
Dyskinetic cerebral palsy (CP) is rare (7% of total CP), but typically caused by hypoxic lesions of thalami
and basal ganglia in term aspyxiated neonates.
This study illustrates the importance of good neuroimaging in dyskinetic cerebral palsy following
asphyxia on example of two term born boys.
The first boy was born with Apgar scores 1/5 and resuscitated. Motor development was delayed, but
intellectual functions near normal. Communications problems occurred due to orofacial dyskinesia.
The second boy suffered severe intrapartal asphyxia, caused by placental abruption and ruptured
uterus, with Apgar score 1/3, resuscitated. His motor milestones were markedly delayed, while
intellectual development was normal. His school performance was disturbed by severe dysarthria.
Both children, assessed at age of 15 years, were diagnosed as dysknetic CP, using Surveillance of
Cerebral Palsy (SCPE) functional classification: Patient 1, GMFCS 2, BFMCS 3b; Patient 2, GMFCS 5,
BMFM 5, with accompanying impairments of epilepsy and communications problems (Viking Speech
Scale, 2010, level 3) in both patients.
In both children brain MRI, performed at the age of 15 years (1.5 Tesla), revealed mild but typical
bilateral deep grey matter lesions involving the ventrolateral thalamus (Patient 1,2) and posterior
putamen (Patient 2) best seen on T2 w and Flair images.
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Both children were term born with clear signs of asphyxia and hypoxic-ischemic encephalopathy and
then developed dyskinetic CP with severe communication problems but near normal intellectual
functions. Brain MRI of both children illustrated mild but bilateral lesions in thalami and in putamen
(Patient 2).
In cases of asphyxiated neonates developing dyskinetic CP, MRI of good quality is an important
diagnostic step. Lesions, although being small, but located in strategic domains can cause severe
motor impairment, and may be overlooked.

PP62
Prediction of motor outcome in infants with perinatal brain damage: the role of fidgety
movements assessment
Katušić A. (1), Gagula J. (1)
(1) Day Care Centre for Rehabilitation "Mali dom-Zagreb", Baštijanova 1d, 10000 Zagreb, Croatia
The assessment of general movements (GMs), has emerged as a reliable and valid predictor of severe
neurologic deficits in infants. This method is based on a visual Gestalt perception of the quality of GMs
in the preterm and term periods, and post-term up to 5 months. The quality of fidgety movements is
the most valuable marker for predicting neurologic outcomes.
The aim of the study was to assess the correlation between the quality of general movements of
fidgety character (GMs) and the motor competence between 1 and 2 years of age in infants with
perinatal brain damage.
In the group of 15 infants (median gestational age=36 weeks), the quality of GMs was assessed using
Haaders Algra's method at 3 months of corrected age. The motor outcome was assessed by Gross
Motor Function Measure (GMFM) and Gross Motor Classification System (GMFCS) between 1 and 2
years of age (median=14 months). The correlations between GMs with GMFM and GMFCS results
were analyzed. Sensitivity and specificity were calculated for GMs for predicting GMFCS classification
of motor disability.
The results show that absence of fidgety movements at 3 months post-term is highly predictive of
abnormal motor development. General movements examinations have important complementary
roles in predicting motor development of infants with perinatal brain damage.

PP63
Visual problems in premature infants
Alimovic S. (1)
(1) Day Care Centre for Rehabilitation "Mali dom-Zagreb", Baštijanova 1d, 10000 Zagreb, Croatia
The most common visual problems in premature children were caused by retinopathy prematurity.
Retinopathy of prematurity is well treated through laser operations and causes less blindness in last
few decades. Nevertheless, premature children develop severe visual problems caused by damage of
posterior visual pathway.
The goal of our study was to compare visual problems in premature infants to term infants.
We assessed basic visual functions (grating acuity and contrast sensitivity) in 32 premature infants and
compared results to 32 term infants.
Results have shown the differences in visual functions between premature and term infants.
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PP64
Schizencephaly exposed at microsurgical operation of congenital Sylvian arachnoid cyst in a
pediatric patient
Gjurašin M. (1), Mejaški Bošnjak V. (2), Petanjek Z.,(3), Marjanović J. (4), Grmoja T. (4), Roić G. (4),
Popović lLj. (5).
(1) Neurosurgery Deprtment, Children's hospital Zagreb, Klaićeva 16, 10000 Zagreb, Croatia; (2)
Neuropediatrics Department., Children's hospital Zagreb, Klaićeva 16, 10000 Zagreb, Croatia; (3)
School of Medicine, University of Zagreb, Šalata 12, 10000 Zagreb, Croatia; (4) Pediatric radiology
Department, Children's hospital Zagreb, Klaićeva 16, 10000 Zagreb, Croatia; (5) Pediatric
anesthesiology Dept., Children's hospital Zagreb, Klaićeva 16, 10000 Zagreb, Croatia
Schizencephaly detected in pediatric patient is a rare entity, especially in association with congenital
arachnoid cyst. More rarely, schizencephalic brain surface can be seen directly during neurosurgical
operation.
MR examination performed in a 20-months-old female child with a right sided hemiparesis detected
bilateral schiznecephaly, a large left Sylvian arahnoid cyst and partial agenesis of left insular cortex.
Arachnoid cyst presented moderate compressive effect on left basal ganglia with shift of midline
structures and left crura to the contralateral side. Arterial brain circulation appeared normal, with
intact M2 branches of middle cerebral artery running through the central part of arachnoid cyst and
inside the schizencephalic cleft.
Results of complete neuropediatric assessment indicated possible effect of tensive arachnoid cyst on
the contralateral moderate hemiparesis, and neurosurgical decompression of arachnoid cyst is
indicated.
At microsurgical operation, two arachnoid fenestrations (8 mm each) at the base of the arachnoid cyst
were performed: first between the basilar artery and left oculomotor nerve, and second between left
oculomotor nerve and left internal carotid artery segment before carotid bifurcation. This established
a permanent CSF circulation between the interior of the cyst and prepontine cysterns at the base of
the brainstem, with consequent loss of compressive effect of the cyst. During operation we widely
exposed the schizencephalic cleft, presented as a bright cerebral tissue on outer border of widely
exposed left basal ganglia, with the surface completely different from surrounding normal cortex. The
arterial vessels inside the schizencephalic cleft ranged from approximately 30-300 micrometers, and
were completely covered with an intact layer of pia.
During follow-up of 16 months the hemiparesis is improving, and the control MR examination shows
significant regression in the size of arachnoid cyst, with consequent relaxation of surrounding brain
tissue and normalization of brainstem structures to its normal midline position.
This is one of the rare reports with intraoperative microsurgical documentation of cleft brain surface
and vascular structures of intraoperatively exposed schizencephalic brain tissue in clinical practice.

PP65
Voxel – based morphometry in chronic schizophrenia
Ružić Baršić A. (1), Antulov R. (1), Rubeša G. (2), Miletić D. (1)
(1) Clinical Hospital Center Rijeka, Department of Radiology, Krešimirova 42, 51000 Rijeka; (2) Clinical
Hospital Center Rijeka, Department of Psychiatry, Krešimirova 42, 51000 Rijeka
The neurotoxic hypothesis of schizophrenia is based on idea that psychosis is biologically toxic.
Number of psychotic episodes in patients with chronic schizophrenia varies; some patients have one
or few psychotic episodes, while other have numerous. If we consider a psychotic episode as
neurotoxic insult we can expect severe brain abnormalities in patients with multiple episodes of
schizophrenia.
The aim of the study was to investigate gray matter volume (GMV) differences between patients with
chronic schizophrenia according to number of psychotic episodes and normal controls (NC), using
voxel-based morphometry (VBM).
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The study included 76 schizophrenic patients with disease duration longer than 8 years, grouped
according the number of psychotic episodes (31 patients with up to 3 episodes and 45 patients with at
least 4 episodes) and 63 NC. VBM is an adaption of the statistical parametric mapping technique that
allows investigation of quantitative brain structural changes.
Patients with up to 3 psychotic episodes compared to NC had reduced GMV in the inferior frontal
gyrus and prefrontal gyrus. Patients with at least 4 episodes compared to NC revealed GMV reduction
in cingulate bilaterally, middle frontal gyrus bilaterally, right medial frontal gyrus, left
parahippocampal gyrus, left superior temporal gyrus, insula bilaterally, frontal sub-gyral gray matter,
right posterior cingulate gray matter and right culmen.
GMV reduction in schizophrenia varies depending on the number of psychotic episodes. The affection
of multiple regions in patients with multiple episodes, opposed to patients with less episodes indicates
the existence of a neurotoxic effect induced by the psychotic state.

PP66
Differences in pain estimation between patients, nurses and doctors
Šprljan Alfirev R. (1), Kordić K. (2), Bačić Baronica K. (3)
(1) University Department of Neurology, University Hospital Centre Zagreb, Kišpatićeva 12, 10000
Zagreb, Croatia; (2) Primary Healthcare Centre Slavonski Brod, Borovska 7, 35000 Slavonski Brod,
Croatia; (3) University Department of Neurology, University Hospital Sveti Duh, Sveti Duh 64, 10000
Zagreb, Croatia
Accurate perception of pain intensity by health professionals could improve pain management
effectiveness. We investigated the difference between nurse’s and doctor’s estimation on patient’s
pain intensity with patient’s reports. We also assessed the association between satisfaction with
analgesia and satisfaction with hospitalization.
Patients hospitalized at the Department for General Neurology, University Hospital Sveti Duh, were
enrolled after signing an informed consent approved by the Hospital's Ethics Committee. There were
28 female and 24 male subjects, aged 21- 91 years (mean age 58.5). Before round, an independent
intern asked the patients about their pain intensity and during the round the head nurse and patient's
doctor about their estimation of the patient’s pain intensity. We used an 11-point Numeric Rating
Scale (range 0 – 10). Patients were also asked about their satisfaction with analgesia during
hospitalization and satisfaction with hospitalization in general (both scored 1-5).
20 patients reported no pain. Mean pain intensity estimated by other 32 patients was 6.55. Mean
satisfaction with analgesia was 3.65 and mean satisfaction with hospital stay was 4.8. On average,
doctors and nurses have estimated pain intensity by 2.42 and 3.85 points lower than patients (p=0.016
and p=0.001 respectivelly). Nurses have estimated pain intensity lower than doctors on average by
2.83 points (p=0.005). Using Pearson’s correlation we have found strong correlation between patient’s
and doctor’s (r=0.74), and strong correlation between patient’s and nurse’s (r=0.74), estimation of
pain intensity. Strong correlation was also found between doctor’s and nurse’s estimation of patient’s
pain intensity (r=0.83). There was a strong correlation between analgesia satisfaction and estimation
of pain intensity by patients (r=0.74); and moderate correlation between patient’s analgesia
satisfaction and estimation of pain intensity by doctors (r=0.52) and nurses (r=0.5). A weak negative
correlation (r=-0.14) between analgesia and hospitalization satisfaction was found.
Correlations between pain intensity estimation suggest that both doctors and nurses detect patient’s
improvement or deterioration. However, the differences in pain estimation suggest that they still
underestimate patient’s pain intensity. The influence of adequate analgesia on general satisfaction
with hospitalization should be further investigated. To obtain more accurate data enrollment is still
ongoing.
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PP67
A case of Melkersson-Rosenthal syndrome associated with oligodontia in 15 years old girl
Krakar G. (1), Marn B. (2), Pustišek N. (3), Ulamec M. (4), Gojmerac T. (1), Mejaški Bošnjak V. (1)
(1) Child neurology department, Children’s hospital Zagreb, Croatia; (2) Child ENT, Children’s hospital
Zagreb, Croatia; (3) Child dermatology, Children’s hospital Zagreb, Croatia; (4) Pathology clinic, Clinical
Hospital Sestre milosrdnice, Zagreb, Croatia
Melkersson-Rosenthal syndrome (MRS) is a rare neuromucocutaneous disorder of uncertain etiology
causing localized edema, inflammation in the face and oral cavity, fissuring of the tongue, and
recurrent unilateral or alternating facial palsy. Complete clinical form is uncommon and presentation
is usually monosymptomatic or oligosymptomatic.
Our patient is a girl at the age of 15 years with recurrent facial palsy (at the age 6, 8 and twice at 15),
three times left-sided and once right-sided. Initial symptom was unilateral localized non-painful
tongue edema, followed by development of ipsilateral facial edema for period of 2-3 days, and
subsequent development of facial palsy (House-Brackmann scale grade 5 or 6). There was no obvious
provoking factor in patient history, no trauma. Apart from peripheral facial nerve palsy, neurological
status was normal. She had a mild lateral tongue keratosis, indurated on palpation. Taste sensations
showed dysgeusia for sweet and salty. No hearing problems. Additionally, she had insufficient teeth
and acne.
Broad inflammatory, infectology and immunology tests were normal. Due to insufficient teeth,
orthopantomogram was performed and showed oligodontia. Ophthalmologic test showed drusen of
the optic disc. ENT examination revealed absent cochleostapedial reflex. Brain MRI showed normal
brain and facial nerve path, but revealed right arachnoidal cyst with suspected glossopharyngeus
compression, clinicaly asymptomatic. Tongue biopsy showed keratosis, acanthosis, edema and
mononuclear infiltrates. A patient was treated with methylprednisolone and doxycycline, with physical
therapy, and recovered completely, so far without repeated facial palsy.
There is no standard therapy for this syndrome, etiology is still largely unknown. To our knowledge,
this is the first report of MRS associated with oligodontia. The diagnosis of MRS is clinical and should
be suspected in recurrent facial palsy.

PP68
Physiology of chronic spinal pain syndromes
Branko Uhoda (1)
(1) Special Orthopedics Hospital, Biograd na moru, Croatia
A body of literature suggests that spinal pain mechanisms are complicated and involve a host of
different processes that may contribute to clinical manifestations.
Peripheral or nerve root injury sets into play the synthesis and release of numerous inflammatory
mediators that act in concert not only to induce inflammation and edema as part of the healing
process, but also to sensitize nociceptors and recruit new nociceptors to enhance the pain.
Primary afferent fibers terminate on neurons in the dorsal horn of the spinal cord. Synaptic
transmission is mediated by a number of the chemical neurotransmitters such as the amino acid
glutamate, and neuro-peptides such as substance P. This nociceptive information then is transmitted
from the spinal cord to supraspinal sites, such as the thalamus and cerebral cortex, by ascending
pathways. The role of the cortex in pain processing has been recognized using positron emission
tomography (PET). It is extremely important to understand not only cortical activities but also the
interplay of midbrain and cortical functions with overall behaviors. There are no lower injury limits.
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PP69
Functional reorganization of the primary motor cortex in a patient with a large
arteriovenous malformation
Radoš M. (1), Nikić I. (1), Radoš Ma. (2), Kostović I. (1), Hof P. R. (3), Šimić G. (1)
(1) Croatian Institute for Brain Research, University of Zagreb School of Medicine, Zagreb, Croatia; (2)
Department of Clinical and Interventional Radiology, Clinical Hospital Center Zagreb, University of
Zagreb School of Medicine, Zagreb, Croatia; (3) Fishberg Department of Neuroscienceand Friedman
Brain Institute,Icahn School of Medicine at Mount Sinai,New York, USA
Brain is often capable to compensate structural impairments induced by acquired and developmental
lesions through functional reorganization of the remaining parenchyma. Arteriovenous malformations
(AVM) usually appear prenatally before a functional regional organization of the brain is fully
established and patients generally do not present with motor deficits even in cases when the AVM is
located in the primary motor area indicating the redistribution of functions in cortical areas that are
not pathologically altered. Here we present reorganization of the motor cortex in a patient with a
large AVM involving most of the left parietal lobe and the paramedian part of the left precentral gyrus
that is responsible for controlling the muscles of the lower limbs. Functional MRI showed that
movements of both the right and left feet activated only the primary motor cortex in the right
hemisphere, while there was no activation in the left motor cortex. This suggests that complete
ipsilateral control over the movements of the right foot had been established in this patient. A
reconstruction of the corticospinal tract using diffusion tensor imaging showed a near-complete
absence of corticospinal fibers from the part of the left precentral gyrus affected by the AVM. From
this clinical presentation it can be concluded that full compensation of motor deficits had occurred by
redistributing function to the corresponding motor area of the contralateral hemisphere.

PP9 Neuropharmacology and pharmacology
PP70
Effect of chronic fluoxetine treatment on serotonin transporter density in the brain of an
obx amimal model of depression - an autoradiographic study
Kovacević T.(1, 2, 3), Skelin I. (1, 4), Dikšić M. (1, 3)
(1) Cone Neurosurgical Research Laboratory, Montreal Neurological Institute, McGill University, 3801
University Street, Montreal, QC H2A 2B4, Canada; (2) Department of Anesthesiology and Intensive
care, Children's Hospital Zagreb, University of Zagreb, Klaiceva 16, Zagreb, Croatia; (3) School of
Medicine Osijek, J. J. Strossmayer University of Osijek, J. Huttlera 4, 31000 Osijek, Croatia; (4)
Lethbridge Brain Dynamics, Lethbridge University, AL, Canada
Depression is a brain disorder which produces a severe disability in social functioning and the
emotional life of an individual. The removal of the olfactory bulbs induces neurochemical,
neuroanatomical, physiological, endocrine and behavioural changes in rats, which are similar to those
present in human depression. In addition to the bulbectomy-associated axotomy of 5-HT fibres, the
reorganization of 5-HT projections to the forebrain is continued by collateral sprouting and
synaptogenesis.
Olfactory bulbectomized rats (OBX) and sham operated (SHAM) rats were randomly assigned in
groups receiving fluoxetine (-FLX) or saline (-SAL). Fluoxetine was injected intraperitonealy daily (10
mg/kg) for 14 days, while control groups received an equal volume of saline. On the 15th day the
brains were extracted and stored at -80˚C, sliced in 20 μm thick slices and placed on Fisher Plus Gold
glass slides. For the binding experiment, the slides were first brought to room temperature and then
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immersed in a preincubation buffer (10 mM Na2PO4 buffer, pH 7.4; 200 ml) for 30 min. Specific binding
was assessed by incubating the slides in a buffer containing approximately 20 pM of [125I]-RTI-55
([125I](2)-2b-Carbomethoxy-3b-(4-iodo-phenyltropane—the specific activity reported by the supplier
as 2200 Ci/mmol), and 200 nM of GBR- 12,935 [1-(2-(diphenylmethoxy)ethyl)-4-(3-phenylpropyl)piperazine] for 120 min at room temperature. Nonspecific binding was assessed in the presence of
1 mM of paroxetine and 200 nM of GBR-12,935 (the latter to block the binding to the dopamine transporter). The brain sections were washed twice for 20 min in a cold assay buffer, then quickly rinsed in
ice cold water and left to dry on a stream of air overnight.
Fluoxetine caused significant reduction in both treated groups (SHAM-FLX, OBX-FLX) when compared
with respective controls (SHAM-SAL, OBX-SAL) in all observed regions. Effect of reduction was more
pronounced in OBX group of rats then in SHAM group (except dorsal hippocampus and medial raphe).
When OBX–SAL and SHAM-SAL groups were compared, statistically significant higher densities of SERT
were observed in OBX group in all regions.
In conclusion, this first study in the OBX rat model of depression showed that chronic treatment down
regulates SERT density in an animal model of depression (OBX rats) more than in the control rats
(SHAM).

PP71
Harmful potential of preventive quercetin consumption: effects on P19 neurons
Jazvinšćak Jembrek M. (1), Cipak Gašparović A. (1), Vlainić J. (1), Žarković N. (1), Oršolić N. (2)
(1) Division of Molecular Medicine, Ruđer Bošković Institure, Bijenička 54, 10000 Zagreb, Croatia; (2)
Department of Animal Physiology, Faculty of Science, University of Zagreb, Rooseveltov trg 6, 10000
Zagreb, Croatia
Oxidative stress, condition induced by accumulation of reactive oxygen species (ROS), has been
implicated in brain dysfunction during physiological aging and in various neurodegenerative diseases.
A great interest has been directed to natural antioxidants and their potential to regain redox
homeostasis and prevent or delay cognitive and motor impairments in humans. Numerous reports of
beneficial effects of natural compounds resulted in many commercially available nutraceutical
supplements and purified herbal extracts with doses and bioavailability of powerful antioxidants
highly beyond levels associated with a typical diet. A growing number of evidence suggests that effects
of antioxidants are not exclusively beneficial, particularly at higher doses, thereby questioning safety
of prolonged antioxidant consumption.
We studied effects of high doses of quercetin (up to 150 μM), the ubiquitous natural antioxidant and
one of the most potent scavengers of ROS from the flavonoid family, on P19 neurons obtained by the
differentiation procedure from the P19 mouse embryonal carcinoma cells in the presence of retinoic
acid.
Exposure to quercetin for 24 h did not compromise neuronal survival, but morphological examination
revealed that network of thick bundles, as well as the number of fine, thin dendritic processes
between neurons were reduced. As expected, high doses of quercetin decreased basal levels of ROS
and 4-hydroxy-2-nonenal, a product of lipid peroxidation. Quercetin also depleted intracellular
glutathione content suggesting that in physiological conditions it could interfere with redox signaling
and adaptation to oxidative stress. Additionally, quercetin disturbed transcriptional expression of
some key cell-survival regulating genes (Bcl-2, p53 and c-fos), but did not affect nuclear condensation
and caspase-3/7 activation, characteristic phenomena related to programmed-cell death cascade.
The obtained results indicate that quercetin-enriched supplements intended for usage in
neurodegenerative prevention should be taken with caution. The diversity of quercetin effects and
complexity of potential intracellular interactions between affected genes pointed out the necessity for
detailed toxicological and pharmacological studies for all quercetin-containing supplements in order to
optimize quercetin concentration and time window of administration that will be efficient in
neuroprotection, but without side effects.
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PP72
Benzodiazepine site agonists: diazepam vs. zolpidem (in vitro study)
Vlainić J. (1), Jazvinšćak Jembrek M. (1), Švob Štrac D. (1), Peričić D. (1)
(1) Laboratory for Molecular Neuropharmacology, Division of Molecular Medicine, Ruđer Bošković
Institute, Bijenička cesta 54, 10000 Zagreb, Croatia
Prolonged exposure of GABAA receptors to benzodiazepine site agonists, drugs which have potency to
produce tolerance and dependence and to be abused, leads to adaptive changes of these receptors.
The aim of this study was to better understand and to compare the phenomena induced by long-term
exposure to diazepam and zolpidem.
In order to evaluate the effects of long-term diazepam and zolpidem treatment on GABAA receptors,
HEK 293 cells stably expressing recombinant α1β2g2s subtype of GABAA receptors were exposed to
diazepam (50 μM) or zolpidem (10 μM) for 48h. Radioligand binding studies were used to determine
the parameters of [3H]flunitrazepam, [3H]muscimol and [3H]TBOB binding sites. Semi-quantitative RTPCR and Western blot analysis were used to assess mRNA and protein levels.
Long-term exposure of these cells to diazepam, as well as to zolpidem, increased the number of
binding sites for GABA, benzodiazepines and convulsants, suggesting the enhancement of the total
GABAA receptor number. Moreover, the results suggested increased de novo synthesis of receptor
subunits at transcriptional and translational level. Our results give evidence that long-term diazepam
and zolpidem administration produces a decrease in the allosteric coupling between benzodiazepine
and GABA binding sites at GABAA receptor. Following 24 h discontinuation of long-term diazepam and
zolpidem treatment enhanced number of binding sites, mRNA for α1 subunit and g2 subunit proteins
returned to control values. Moreover, withdrawal from zolpidem normalized functional interactions
between GABA and benzodiazepine binding sites, while allosteric uncoupling was still present 24 h
following the termination of diazepam treatment.
The results suggest that in our model, characterized by the presence of a single well defined receptor
subtype, long-term exposure of GABAA receptors to diazepam and zolpidem induce similar adaptive
changes. On the other hand, the functional recovery of GABAA receptors was achieved sooner after
zolpidem than after diazepam withdrawal. If decreased ability of GABA to stimulate [3H]flunitrazepam
binding, as suggested, is related to the development of tolerance and dependence to the effects of
benzodiazepines, one could expect that treatment with diazepam stimulates enduring consequences.

PP73
Design, synthesis and in vitro activity of AT1 angiotensin II receptor antagonists based on
the novel 5-[2-(tetrazole-5-yl)phenyl]thiophenes
Lovrić M. (1,2), Tvrdeić A. (2,3), Cepanec I. (1,4), Litvić M. (1)
(1) BELUPO Pharmaceuticals, Inc., R&D, Ulica Danice 5, 48000 Koprivnica, Croatia; (2) University of
Zagreb School of Medicine, Šalata 12, 10000 Zagreb, Croatia; (3) University of Osijek Faculty of
Medicine, Josipa Huttlera 4, 31000 Osijek, Croatia; (4) PharmaS Centre, Industrijska cesta 5, Potok,
44317 Popovača, Croatia
Angiotensin II receptor antagonists, also known as sartans are a new class of pharmacological agents
for treatment of hypertension. Despite the structural differences, all commercial sartans characterise
the same mechanism on molecular level. They act as selective blockers (antagonists) of the most
potent vasoconstrictor, angiotensin II AT1 receptors. A new series of nonpeptide angiotensin II
receptor antagonists, structural analogs of sartan, derivatives of 5-[2-(tetrazole-5-yl)phenyl]thiophene
is described. Biological activity of the newly synthesised compounds was tested on two in vitro models
on glomeruli isolated from rat kidney cortex. Obtained results were compared with the commercially
antihypertensive drug known under the generic name valsartan (N-Valeroyl-N-{[2'-(1H-tetrazole-5yl)[1,1'-biphenyl]-4-yl]methyl}-L-valine). Replacement of the central phenyl ring of the biphenyl moiety
of valsartan with a heteroaromatic thiophene increases the ability of compounds to antagonise the
vasoconstriction induced by AII on isolated glomeruli. Heterobiaryl lauroyl derivative (N-lauroyl-N-{5[2-(tetrazole-5-yl)phenyl]thiophen-2-yl}methyl-L-valine) acts as the most potent blocker and
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competitive inhibitor on angiotensin II evoked contractile response (KB = 26.3 nmol/dm3) by more
than one order of magnitude higher estimated affinity for AT1 receptors than available valsartan (KB =
562.3 nmol/dm3). Heterobiaryl compounds with lengthened aliphatic chain on lipophilic acyl moiety
show higher antagonism effect. The new compounds were examined for binding affinity to AT1
receptor on glomeruli using radioactive labelled angiotensin II ([3H]AII) as radioligand. Replacement of
the central phenyl ring of the biphenyl moiety of valsartan with a heteroaromatic thiophene decreases
the binding affinity and inhibitory effect of the compounds. Heterobiaryl valeroyl derivative (Nvaleroyl-N-{5-[2-(tetrazole-5-yl)phenyl]thiophen-2-yl}methyl-L-valine, Ki = 525.2 nmol/dm3) and
lauroyl derivative (Ki = 563.1 nmol/dm3) show the highest binding affinity, but still two orders of
magnitude lower than valsartan (Ki = 4.2 nmol/dm3). It was found that the length of aliphatic chain on
lipophilic acyl moiety also affected the inhibitory effect. Structural analogs of valeroyl derivative and
phenylacetyl derivative (N-phenylacetyl-N-{5-[2-(tetrazole-5-yl)phenyl]thiophen-2-yl}methyl-L-valine)
with elongated alkyl chain exhibit lower binding affinity.

PP10 Special session
PP74
Therapeutic riding-antigravity walk
Banović G.
Faculty of Education and Rehabilitation Sciences, University of Zagreb, Croatia
Riding is a specific three-dimensional movement that helps person on a horse to improve attitude, and
acts as a therapeutic massage, and that is only the beginning of positive effects that riding has.
Therapeutic riding is a simplified way to demonstrate and explain mechanics of the walk. People who
have imbalance when walking often use compensation, which disturbe functionality of the walk.
When walking, it is important that our body is vertically posed to the surface, and from there we move
foward. The pelvis (hips) has the crucial role, which means that we need all the weight and the energy
collected in that area. The term “collected” can be explained as the way to move forward regardless of
the force of gravity, rather than a conscious movement. In this way we become faster, more agile, and
most importantly control the body extremities. Launching forward requires satisfying threedimensional movement: forward and backward, up and down, left and right. Most often when walking
people use one or two dimensions, which seeks to correct therapeutic riding. As the person and horse
have the same movements when walking, horse provides insight into the movements of the pelvis. It
gives direct experience of the proper motion to person. The assumption of the program is that people
first overcome the technical part, then, enter a program that supports their knowledge and
encourages generalization learning proper form movement. It is necessary to point out that if you
exercise the share of primary, secondary and supportive, therapeutic riding is both supportive and in
secondary exercises. In addition to concrete and visible effects of therapeutic riding on movement
patterns, or walk, the effect is psychological - a sense of satisfaction and control arising from riding
and managing such a large animal such as a horse, a sense of freedom and numerous other positive
emotions that inspire, support generalization and helps people to achieve control over their own
bodies.
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