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ADDRESS OF THE ORGANIZER 

Croatian Society for Neuroscience (CSFN)                

Croatian Institute for Brain Research 

Šalata 12, HR 10000 Zagreb, Croatia 

Phone No: 01 4596 801 

Fax No: 01 4596 942 

 

Department of Anatomy and Neuroscience  

and Department of Medical Biology and Genetics 

School of Medicine, University of Osijek     

Cara Hadrijana 10/E 

31 000 Osijek 

Phone: 031 512 800 

Fax: 031 512 833                                                           

 

OFFICIAL CONGRESS ADMINISTRATIVE ORGANIZER: 

conTres projekti d.o.o. 

Martideva 49, 10000 Zagreb, Hrvatska / Croatia 

telephone No: +385-1-48 21 193 | fax: +385-1-37 00 495  

E-mail address: info@contres.hr 

Web page: https://www.contres.hr/category/6hkn/ 
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GENERAL INFORMATION 

Venue of the meeting: 

The premises of the Vicary, J. J. Strossmayer 58, Osijek 

 

REGISTRATION AND INFORMATION DESK 

Saturday, September 16th, 2017 

 Registration and information:  10.00 - 11.00 and 17.00-18.00 

 The premises of the Vicary, J. J. Strossmayer 58, Osijek 

Sunday, September 17th, 2017 

 Registration and information: 8.00 - 9.00 and during Coffee breaks    

 The premises of the Vicary, J. J. Strossmayer 58, Osijek 

Monday, September 18th, 2017 

 Registration and information: 9.00 - 9.30 

 The premises of the Vicary, J. J. Strossmayer 58, Osijek 

 

REGISTRATION FEE 

 

Fee prices are given in Croatian kunas. 

 

Registration fee includes: Name badge; Congress material; Active or passive scientific 

participation and continuous education credits; Welcome cocktail; Coffee breaks with 

refreshments; Dinner for participants. 1-day attendance fee includes: Name badge; Congress 

material; Passive scientific participation and continuous education credits. Accompanying 

person fee includes: Coffee breaks; Congress dinner. 

 EARLY (July, 3rd 2017) LATE (after July 3rd, 2017) 

Society members 950  1200  

Non-members 1100  1500  

PhD Students 350  350  

One day attendance 350  350  

Undergraduate students No fee No fee 

Accompanying person 450  450  
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POSTER SESSIONS 

Posters will be displayed on Sunday, 17th September, from 16.30 - 19.00 (Poster session I), 

and Monday 18th September from 09.30 - 11.30 (Poster session II). We kindly ask poster 

presenters to mount their posters according to the following schedule: posters for Poster 

session I are to be mounted during morning on Sunday, 17th September, and replaced before 

Poster session II on Monday, 18th September. Poster authors/presenters should be present at 

their poster board at the specified time. 

 

Poster and oral presentation prize 

Posters and PhD student oral presentations are important scientific contributions, therefore a 

prize for the best presentations is established. It is awarded to the three best posters out of 

all poster sessions, and the best PhD student oral presentation. 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 Programme Committee. The awards will be announced during 

the farewell speach. 

 

SOCIAL EVENTS 

All participants of the Meeting are cordially invited to join: 

 Opening ceremony, which will be held on Saturday 16th September at 20.00 at 

Museum of Fine Arts in Osijek, Europska avenija 9, Osijek 

 Farewell Dinner, which will be held on Monday, 18th September at 20.00 h, Hotel 

Waldinger Restaurant and Lounge Bar, Županijska ul. 8, 31000, Osijek 

 Excursion to Vukovar and Ilok, on Tuesday, 19th September  

 

CERTIFICATE OF ATTENDANCE 

Certificates of attendance will be distributed after the meeting.  

 

DOCUMENTS AND BADGES 

Meeting documents should be collected on-site at the registration desk. The participants are 

kindly asked to wear the name tags during the Meeting and in the exhibition area. 
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LANGUAGE 

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

 

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. 



 

 
 
 
 
 
 
 

CARL ZEISS MIKROSKOPI 
 
 

 
 

 

 
 
 
 
 
 
 
 
 
 

 

 

   

Carl Zeiss doo 
 

Antuna Heinza 3, Zagreb 
 
Hrvatska 
 

 

 

www.zeiss.com.hr 
 

www.zeiss.com/microscopy 
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SPEAKERS 

 

Presidential lecture 

 Ronald L. Schnaar  

 Department of Pharmacology and Molecular Sciences and Department of Neuroscience, 

 Johns Hopkins University School of Medicine, USA725 N. Wolfe Street 

 Baltimore, Maryland 21205, USA 

 E-mail address: schnaar@jhu.edu 

 

 

Presidential symposium lectures 

 Paško Rakid 

 Duberg Professor of Neuroscience and Neurology, Yale University School of Medicine, New 

 Haven, CT  06520-8001, USA 

 E-mail address: pasko.rakic@yale.edu 

 

 Mladen Roko Rašin 

Department of Neuroscience and Cell Biology, Rutgers University, Robert Wood Johnson 

Medical School, Newark, USA 

  E-mail address: rasinml@rwjms.rutgers.edu  

  

 Harry Uylings 

Department of Anatomy and Neurosciences, VU University Medical Center, Amsterdam, 

Netherlands 

E-mail address: hbm.uylings@vumc.nl  

 

 Karoly Mirnics 

Munroe-Meyer Institute, University of Nebraska Medical Center, 985450 Nebraska Medical 

Center, Omaha, NE  68198-5450, USA 

 E-mail address: karoly.mirnics@unmc.edu  

 

 

 

 

 

 

 

 

 

 

mailto:schnaar@jhu.edu
mailto:pasko.rakic@yale.edu
mailto:rasinml@rwjms.rutgers.edu
mailto:hbm.uylings@vumc.nl
mailto:karoly.mirnics@unmc.edu
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Plenary lectures 

 Lipa Čičin- Šain  

Institute Ruđer Boškovid, Department of Molecular Biology, Bijenička 54, Zagreb, Croatia 

E-mail address: Lipa.Cicin.Sain@irb.hr  

 Maja Valid  

School of Medicine, University of Split, Department of Neuroscience, Šoltanska 2, Split, 

Croatia; E-mail address: maja.valic@mef.st  

 Neven Henigsberg 

University Psychiatric Hospital Vrapče, Bolnička cesta 52, Zagreb, Croatia;  

E-mail address: neven.henigsberg@zg.t-com.hr  

 Marija Heffer 

School of Medicine, University of Osijek, Department of Medical Biology, Cara Hadrijana 

10, Osijek, Croatia; E-mail address: marija.heffer@mefos.hr  

 Goran Šimid  

School of Medicine, University of Zagreb, Croatian Institute for Brain Research, Šalata 12, 

Zagreb, Croatia; E-mail address: gsimic@hiim.hr  

 Ivica Kostovid  

School of Medicine, University of Zagreb, Croatian Institute for Brain Research, Šalata 12, 

Zagreb, Croatia; E-mail address: ikostov@hiim.hr  

 

Special lecture - Branimir Jernej Prize 

 Maria Brbid 

  Institute Ruđer Boškovid, Department of Electronics, Bijenička 54, Zagreb, Croatia 

  E-mail address: Maria.Brbic@irb.hr  

 

Neurochemistry Symposium lectures supported by International Society for Neurochemistry 

 Dirk Montag 

 Leibniz Institute for Neurobiology, Brenneckestraße 6, 39118,  Magdeburg, Germany 

 E-mail address: montag@lin-magdeburg.de 

 Rodrigo Herrera-Molina 

 Department of Neurochemistry and Molecular Biology, Leibniz Institute for Neurobiology, 

 Brenneckestraße 6, 39118 Magdeburg, Germany; E-mail address: Rodrigo.Herrera-

 Molina@lin-magdeburg.de 

 Raquel Marin 

 Department of Physiology, Laguna University, Santa Cruz de Tenerife, Spain  

 E-mail address: rmarin@ull.es 

 Gundela Meyer 

 Department of Anatomy, Pathological Anatomy and Histology,  Laguna, University, Santa 

 Cruz de Tenerife, Spain; E-mail address: gmeyer@ull.es 

  

mailto:Lipa.Cicin.Sain@irb.hr
mailto:maja.valic@mef.st
mailto:neven.henigsberg@zg.t-com.hr
mailto:marija.heffer@mefos.hr
mailto:gsimic@hiim.hr
mailto:ikostov@hiim.hr
mailto:Maria.Brbic@irb.hr
mailto:montag@lin-magdeburg.de
https://www.researchgate.net/institution/Leibniz-Institut_fuer_Neurobiologie/department/Abteilung_Neurochemie_Molekularbiologie
mailto:Rodrigo.Herrera-Molina@lin-magdeburg.de
mailto:Rodrigo.Herrera-Molina@lin-magdeburg.de
mailto:rmarin@ull.es
https://www.researchgate.net/institution/Universidad_de_La_Laguna/department/Departamento_de_Anatomia_Anatomia_Patologica_e_Histologia
mailto:gmeyer@ull.es
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PROGRAMME 

16.09.2017. SATURDAY 
The premises of the Vicary, J. J. Strossmayer 58, Osijek 
10.00 - 11.00   REGISTRATION OF PARTICIPANTS 
10.30 - 11.00  Welcome coffee and refreshments 

ISN SYMPOSIUM 
Frontiers in Neurochemistry - Crosstalk of Membrane Proteins 

and Lipids in Health and Disease 

11.00 - 11.30  Raquel Marin 
 Neuronal lipid homeostasis: A main factor for brain maintenance and 

neuroprotection 
11.30 - 12.00  Dirk Montag 
 Neuroplastin ablation causes retrograde amnesia and circuit dependent deficits 

correlated to loss of neuroplastin PMCA complexes  
12.00 - 12.30  Rodrigo Herrera Molina 
 Why is neuroplastin essential for circuit activity balance? New interactions with 

TRAF6 and PMCA 
12.30 - 13.00   Gundela Meyer 
 Cell substrates of Reelin-Lipoprotein receptor signalling in human cerebral 

cortex development 
 

THE 6. CROATIAN NEUROSCIENCE CONGRESS  
WITH INTERNATIONAL PARTICIPATION 

17.00 - 18.00  REGISTRATION OF PARTICIPANTS 
18.00 - 18.30  OPENING CEREMONY  
18.30 - 19.30  Presidential lecture at Vickary hall I (J. J. Strossmayera 58, Osijek) 
                          Ronald R. Schnaar 
 Gangliosides in axon stability, regeneration and synaptic plasticity 
20.00   WELCOME COCKTAIL at Museum of Fine Arts (Europska avenija 9, Osijek) 
 

17.09. 2017. SUNDAY 
The premises of the Vicary, J. J. Strossmayer 58, Osijek 
08.00 - 09.00  REGISTRATION OF PARTICIPANTS 
09.00 - 09.30  SPECIAL LECTURE – Branimir Jernej Foundation Prize 

Maria Brbid 
The landscape of microbial phenotypic traits and associated genes 
 

PLENARY LECTURES 

09.30 - 10.00  Lipa Čičin-Šain 
 Serotonergic modulation of obesity: cross-talk between regulatory molecules 

and pathways  
10.00 - 10.30  Maja Valid 
 Respiratory neuroplasticity initiated by intermittent hypoxia and hypercapnia 
11.00 - 11.30  Neven Henigsberg 
 Biological predictors of therapeutic response in depression 
 

11.30 - 12.00 Coffee break 
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12.00 - 12.30  Goran Šimid 
 Using deep-learning artificial intelligence to resolve the mechanistic 

relationship between Alzheimer's disease and gut microbiota 
12.30 - 13.00  Marija Heffer 
 Chronic stress and overnutrition lead to changes in insulin and leptin sensitivity 

in the brain 
13.00 -13.30   Ivica Kostovid 
 Subplate zone of the human fetal cortex: concept of a new associative nexus 
13.30 - 15.00  Lunch break 
15.00 - 16.00  SELECTED SHORT ORAL PRESENTATIONS OF PHD STUDENTS 
  15.00 - 15.10 David Andrijevid: MRI and immunohistochemical analysis of toxic-
  induced (cuprizone) and congenital (B4galt1-null) demyelination time course   
  15.10 - 15.20 Tihana Repid: Characterization of dorsal root ganglion neurons 
  cultured on silicon micro-pillar substrates  
  15.20 - 15.30 Marina Raguž:  Volumetric and DTI analysis of corticopontine 
  system in the human preterm infants 
   15.30 - 15.40 Kristina Dominko: Retromer (dys)function in Niemann-Pick type C 
  disease models 
  15.40 - 15.50 Katarina Ilid: Neuroplastin expression and submembrane  
  distribution is related to specific ganglioside composition 
  15.50 - 16.00 Marcela Konjevod: Serotonergic markers of insomnia in PTSD 
16.00 - 16.30  SPECIAL EVENT/FENS-CHET ACTIVITIES PRESENTATION 

Svjetlana Kalanj Bognar/Nikola Habek 
 

16.30 - 19.30  POSTERS AND DISCUSSIONS I / with coffee, water, juices, cookies 
 

18.09.2017. MONDAY 
The premises of the Vicary, J. J. Strossmayer 58, Osijek 
09.00 - 09.30 REGISTRATION OF PARTICIPANTS 
09.30 - 12.00  POSTERS AND DISCUSSIONS II /with coffee, water, juices, cookies 
12.00 - 12.30  Students in neuroscience  
12.30 - 14.00  Lunch break 
 

PRESIDENTIAL SYMPOSIUM  
From molecules to cortical maps 

14.00 - 14.30  Harry B. M. Uylings 
  Can we delay aging of the brain? 
14.30 - 15.00   Mladen Roko Rašin 
  Timed mRNA translation in neocorticogenesis 
15.00 - 15.30  Karoly Mirnics 
 Current concepts in genomics of neurodevelopmental disorders 
15.30 – 16.00 Coffee break 
16.00 - 17.00   Paško Rakid 
 Neurogenetic processes leading to formation of large primate and human brain 
17.00 - 18.00  BEST POSTER AND BEST PRESENTATION AWARDS WITH CLOSING REMARKS 
20.00   CONFERENCE DINNER 
 

19.09.2017. TUESDAY 
09.00 - 18.00   Excursion to Vukovar and Ilok – optional  



Kemikalije i reagensi za analitiku/kromatogra�ju, 
biologiju, kemiju, inženjering
Laboratorijski pribor i oprema

Dijagnostička i terapijska nuklearna medicina -  
izotopi i radiofarmaci 
Zaštitna oprema i uređaji za nuklearnu medicinu
Kontrola kvalitete u nuklearnoj medicini 
Radioterapija 
RIA/ELISA dijagnostika
RIA/ELISA istraživački kompleti 

+385 42 260 001
+385 42 260 021
info@biovit.hr

Tehnička podrška

www.biovit.hr

Biovit d.o.o.
Matka Laginje 13
42000 Varaždin
Hrvatska



 
6th Croatian Neuroscience Congress, September 16-18, 2017, Osijek, Croatia 

 13 

 

POSTER PRESENTATIONS 

 

Sunday, 17th September 2017 - POSTER SESSION I. 

16.30 - 19.30 

 

P1        Basic neuroscience 

P2        Clinical neuroscience 

P3        Cognitive neuroscience 

 

Monday, 18th September 2017 - POSTER SESSION II. 

9.30 - 12.00 

 

P4 Molecular neuroscience 

P5 Neurodegenerative disorders 

P6 Neurodevelopemental basis of cognitive, mental and neurological 

disorders 

P7 Neuropharmacology 

P8       Sleep 
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LIST OF POSTERS 

Poster session I. 

Sunday, September 17th, 2017, 16.30 - 19.30 

P1 Basic neuroscience 
PP01   
MRI and immunohistochemical analysis of toxic-induced (cuprizone) and congenital 
(B4galt1-null) demyelination time course 
Andrijevid D, Škokic S, Viljetid B , Tot O Z , Gajovid S, Schnaar R, Heffer M, 
PP02 
Sex and age differences of medium spiny projection neurons in early adult mice  
Bičanid I, Bornschein U, Petanjek Z 
PP03  
Growth of human striatum during fetal and early postnatal life revealed by volumetric 
analysis 
Blaževid A, Raguž M, Sedmak D, Džaja D, Radoš M, Kostovid I  
PP04  
Histochemical reorganizational processes in the human fetal cingulate gyrus during 
midgestation 
Bobid M, Knezovid V, Sedmak G, Macan M, Radoš M, Vukšid M, Jovanov-Miloševid N 
PP05  
Hypothalamic activation of brown adipose tissue in diet-induced thermogenesis is GC-C 
dependent 
Dugandžid A 
PP06  
Structural differences between homologous areas of prefrontal cortex in rat,monkey and 
human: a quantitative NeuN and calretinin immunohistochemical study 
Džaja D, Esclapez M, Petanjek Z 
PP07  
Interaction between redox status and psychostimulants-induced neuronal plasticity 
Drosophila  
Filoševid A, Kolobarid J, Al-samarai S, Andretid Waldowski R 
PP08  
Guanylate cyclase C independent signaling pathway for uroguanylin in astrocytes 
Habek N 
PP09  
Origin and tangential migration of cortical GABAergic neurons in primates during early fetal 
period 
Hladnik A, Esclapez M, Petanjek Z 
PP10 
Increased respiratory drive suppresses renal sympathetic nerve activity in rats exposed to 
acute intermittent hypoxia        
Madirazza K, Pecotid R, Valid M, Valid Z, Đogaš Z 
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PP11 
Differentiation indicators of the thalamocortical system: interrelationship of the VPL area 
and somatosensory cortex 
Majid V, Junakovid A, Bosak A, Krsnik Ž, Kostovid I 
PP12 
Identification of key molecules underlying spinal cord regeneration using South-American 
opossum (Monodelphis domestica) 
Mladinid Pejatovid M, Tomljanovid  I, Petrovid A, Ban J 
PP13 
Characterization of dorsal root ganglion neurons cultured on silicon micro-pillar substrates 
Repid T, Madirazza K, Bektur E, Sapunar D 
PP14  
Distribution of calretinin neurons in the monkey prefrontal cortex 
Sedmak D, Esclapez M, Petanjek Z 
PP15 
Preferential consumption of psychostimulants in Drosophila melanogaster: introduction of 

self-administration paradigm 

Selimovid A, Filosevid A, Andretid Waldowski R 

PP16  
Automatic detection of neurons in cortical slices 
Štajduhar A 
PP17  
Effects of stimulated pain responses on C57BL/6 cuprizone fed and B4galnt1-null mouse 
Tot O K, Mrđenovid S, Sapunar D, Puljak L, Heffer M, Viljetid B 
PP18 
Electrical stimulation of dorsal root ganglion in the context of pain: a systematic review of 
in vitro and in vivo animal model studies  
Vuka I, Vučid K, Repid T, Ferhatovid-Hamzid L, Sapunar D, Puljak L 
PP19 
Histological properties of sagittal axonal strata in developing fetal human brain 
Žunid I, Kostovid I 
  

P2 Clinical neuroscience 
PP20   
Magnetic resonance imaging versus ultrasound in brain imaging of preterm infants 
Daleta T, Bilid I, Grđan P, Bunoza B, Radoš M, Grizelj R, Benjak V 
PP21  
Psychiatric symptoms, psychological state and autoimmune background of patients with 
ovarian dermoid cysts – case reports 
Degmečid D, Muller A, Zjalid M, Okružnik M, Miškovid A, Heffer M 
PP22  
Aicardi-Goutières syndrome type 1 in the differential diagnosis of congenital TORCH 
infection 
Delin S, Bošnjak J, Huljev Frkovid S, Pavid I 
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PP23  
Sustainable choline and N-acetyl aspartate levels at the beginning of recovery phase are 
predictors of survival without depressive episode recurrence under maintenance therapy – 
a proton magnetic resonance spectroscopy study 
Henigsberg N, Kalember P, Šarac H, Radoš M, Radoš M, Ozretid D, Erdeljid-Turk V, Hrabač P, 
Bajs-Janovid M, Rak B 
PP24 
Hospital Admissions Due to Mental and Behavioural Disorders and Diseases of the Nervous 
System in the Population of Croatian War Veterans 
Hrabač P, Henigsberg N, Kalember P, Šarac H, Erdeljid-Turk V, Bajs-Janovid M, Lončar M 
PP25  
Neuropsychiatric symptoms and functional impairment of the patients with Alzheimer’s 
dementia and the family caregivers’ distress: a pilot study 
Kalinid D, Uzun S, Kozumplik O, Kunovid Rigler R, Jerončid A, Nejašmid D, Mimica N 
PP26  
Volumetric analysis of developing hippocampus in the human fetal brains with agenesis of 
the corpus callosum 
Knezovid V, Štajduhar A, Schwartz E, Mitter C, Gruber G, Brugger P, Prayer D, Kasprian G, 
Vukšid M 
PP27  
Neurofeedback training in the treatment of cognitive and behavioral impairments of 
Attention deficit Hyperactivity disorder (ADHD) 
Kovač D, Golubid S 
PP28  
Volumetric and DTI analysis of corticopontine system in the human preterm infants 
Raguž M, Vukšid M, Radoš M, Kostovid I 
PP29  
Amygdala volume in schizoaffective disorder 
Radonid E, Henigsberg N, Radoš M, Kalember P, Folnegovid-Šmalc V 
PP30  
Distribution of demyelinating lesions within the cerebral white matter segments measured 
by the magnetic resonance 
Stančid Rokotov S 
 

P3 Cognitive neuroscience 
PP31  
Synesthesia and Reading – a problem? 
Alfirev Njegovan M, Ivasovid V, Alfirev S 
PP32  
Analysis of soldiers' cognitive performance during Stroop test: An fMRI study 
Kesedžid I 
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Poster session II. 
Monday, September 18th, 2017, 09.30 - 12.00 

P4 Molecular neuroscience 
PP33  
Glucose dysregulation in obesity: studies in rats with constitutionally altered serotonin 
homeostasis 
Bakovid P, Štefulj J, Kesid M, Čičin-Šain L 
PP34  
Influence of stress and aging on lipid rafts in rat cerebellum and hippocampus 
Balog M, Ivid V, Bardak A, Labak I, Zjalid M, Szűcs K, Gaspar R, Vari S G, Heffer M, Vukelid Ž 
PP35  
TRIOBP-1 aggregation and major mental illness 
Bradshaw N, Marreiros R, Yerabham S. K. A, Korth C 
PP36  
Potential role of cadherin switch in progression of intracranial meningioma 
Bukovac A, Kafka A, Brlek P, Horvat Velid E, Lisjak D, Tomas D, Pedina-Šlaus N 
PP37  
Retromer (dys)function in Niemann-Pick type C disease models 
Dominko K, Katušid Hedimovid S 
PP38  
Bioluminescence coupled with MRI reveals the recovery after ischemic brain stroke 
Gorup D, Škokid S, Polšek D, Mitrečid D, Križ J, Gajovid S 
PP39  
High-fat high-sugar diet and antidiabetic treatment affect membrane expression of leptin 
and insulin receptor in hippocampal cells of adult Sprague-Dawley rats 
Ivid V, Balog M, Mlinac Jerkovid K, Ilid K, Kalanj Bognar S, Gaspar R,  Vari G V, Heffer M 
PP40  
Neuroprotective effect of zolpidem against glutamate-induced toxicity in P19 neurons 
Jazvinšdak Jembrek M, Vlainid J, Hanžid N 
PP41  
Key components of Wnt signaling are changed across different malignancy grades of 
astrocytoma 
Kafka A, Bačid M, Gabud T, Njirid N, Bukovac A, Tomas D, Mrak G, Pedina-Šlaus N  
PP42  
Microsatellite instability in intracranial meningioma and the involvement of MLH1 and 
MSH2 mismatch repair genes 
Pedina-Šlaus N, Kafka A, Bukovac A, Vladušid T, Tomas D, Hrašdan R  
PP43  
The expression of perineuronal nets in the fetal and perinatal human telencephalon 
Oreškovid D, Darmopil S, Sitaš B, Radoševid V, Petanjek Z, Jovanov Miloševid N 
PP44  
The association between platelet MAO-B activity and specific symptoms in PTSD 
Tudor L, Nikolac Perkovid M, Nedid Erjavec G, Konjevod M, Švob Štrac G, Uzun S, Kozumplik O, 
Pivac N 
PP45  
Lipid environment of insulin and leptin receptor in glioblastoma cells 
Viljetid B, Pap M, Muršid B, Heffer M 
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PP46  
Expression of amyloid precursor protein (APP) and its processing enzymes in 
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PRESIDENTIAL LECTURE 

 

Ronald R. Schnaar 

Gangliosides in axon stability, regeneration and synaptic plasticity 

Johns Hopkins University School of Medicine, Baltimore, Maryland, USA 

 

Every cell surface is endowed with its own diverse glycan coat, a “glycocalyx” comprising its primary 

face to the extracellular environment. The glycocalyx of vertebrate neurons is unique in the 

predominance of gangliosides, sialic acid-containing glycosphingolipids that are major cell surface 

molecular determinants on all nerve cells. With their lipids embedded in the plasma membrane and 

glycans extending outward, gangliosides regulate nerve cell signaling by lateral association with 

proteins on the same neuronal plasma membrane (cis regulation) and by engaging glycan binding 

proteins on apposing cells (trans recognition). Human congenital disorders of ganglioside biosynthesis 

reveal that gangliosides regulate excitatory neurotransmission, cognition, and long-term axon-myelin 

stability. Biochemical, cellular and mouse genetic studies provide mechanistic leads indicating how 

gangliosides regulate axon outgrowth, axon-myelin stability, and neurotransmitter receptor 

expression. This lecture reviews the key ganglioside molecular interactions on nerve and axon surfaces 

that translate ganglioside expression into nerve cell physiological responses. 

In one well-established trans recognition interaction, selected gangliosides on axons engage a 

complementary binding protein, myelin-associated glycoprotein (MAG), on the innermost wrap of 

myelin. The binding of MAG to specific gangliosides on the surface of axons is essential for long-term 

axon stability and inhibits axon outgrowth after injury in the adult central nervous system. Mutations 

in a key ganglioside biosynthetic enzyme in humans results in hereditary spastic paraplegia. The same 

mutation in mice results in progressive neurodegeneration of the axonal type downstream of 

dysmyelination, axonal hypersensitivity to toxins, and defective structures of nodes of Ranvier. More 

disruptive human mutations in the ganglioside biosynthetic pathway result in more severe phenotypes 

including infantile seizure disorders with profound motor and behavioral deficits. This may be due in 

part to alterations in trafficking of the major excitatory neurotransmitter receptors in the brain, 

AMPA-type glutamate receptors. Evidence will be presented that the key GluA2 subunit of AMPA-type 

glutamate receptors may depend on specific gangliosides for optimal trafficking and expression. 

Understanding the basic neurobiology of brain gangliosides – prominent cell surface molecules on all 

nerve cells in all mammals – provides enhanced understanding of nervous system physiology and 

pathology.  

Research supported by the US National Institutes of Health. 
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PRESIDENTIAL SYMPOSIUM 

 

Harry B. M. Uylings 

Can we delay aging of the brain? 

Departments of Anatomy & Neuroscience, VU University Medical Center, Amsterdam, Netherlands 

 

In the mid-1970s, the prevailing picture of the fate of neurons and neuronal processes, such as 

dendrites and spines, in ‘normal’ old age was a degenerative one. It was based on data that showed 

massive cell loss and massive dendritic reduction in many cortical regions. Since that time, careful 

quantitative studies have generated a more balanced picture of the elderly brain thanks to improved 

methodology.  

In the last decades, research with a focus upon cellular senescence and immunosenescence is 

progressing in order to increase the lifespan in a healthy condition (healthspan). Many studies reveal 

interactions between the immune system, blood system and lymphatic system in the brain, 

metabolism, brain and aging. This provides a prospect of a better/longer healthspan in the near 

future. 

Brain aging is determined by genes, lifestyle and good/bad luck. I will discuss different aspects of 

lifestyle which enable us to delay the aging (of the brain), yet now.  

References: Camandola S, Mattson MP (2017) Brain metabolism in health, aging, and neurodegeneration. EMBO 
J.,DOI 10.15252/embj.201695810; Di Benedetto S, Müller L, Wenger L, Düzel S, Pawelec G (2017) Contribution of 
neuroinflammation and immunity to brain aging and the mitigating effects of physical and cognitive 
interventions. Neurosci. Biobehav. Rev. 75: 114-128.; Petanjek Z, Judaš M, Kostovid I, Uylings HBM (2008) 
Lifespan alterations of basal dendritic  trees of pyramidal neurons in the human prefrontal cortex: a layer-specific 
pattern. Cerebral Cortex, 18: 915- 929.; Petanjek Z, Judaš M, Šimid G, Rašin M., Uylings HBM, Rakic P, , Kostovid I 
(2011) Extraordinary neoteny of synaptic spines in the human prefrontal cortex. Proc. Nat. Acad. Sci., USA, 108: 
13281-13286.; Uylings HBM, De Brabander JM (2002) Neuronal changes in normal human aging and Alzheimer’s 
disease. Brain Cognit. 49: 268- 276.; Zhang Y., Kim MS, Jia B, Yan J, Zuniga-Hertz JP,  Han C,  Cai D (2017) 
Hypothalamic stem cells control ageing speed partly through exosomal miRNAs. Nature 548: 52- 57.  
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Karoly Mirnics 

Current concepts in genomics of neurodevelopmental disorders 

Károly Mirnics1 and Željka Korade2  

1Munroe-Meyer Institute for Genetics and Rehabilitation, University of Nebraska Medical Center, 

Omaha, NE, USA; 2Department of Pediatrics, College of Medicine, University of Nebraska Medical 

Center, Omaha, NE, USA 

 

Development of the human brain is shaped by both individual genetic makeup and various 

environmental influences that occur on a developmental timeline. Understanding these 

gene*environment (G*E) interplays serve as a fundamental cornerstone of personalized/precision 

medicine, and opens new avenues for both prevention and treatment of disease. For example, Smith-

Lemli-Opitz Syndrome (SLOS) is an inherited neurodevelopmental disorder characterized by multiple 

congenital malformations and defects, photosensitivity, impaired cognitive function, and behaviors of 

autistic spectrum disorder. SLOS is caused by mutations in both copies in the gene encoding the last 

enzyme in the cholesterol biosynthesis pathway – 7-dehydrocholesterol reductase (DHCR7). It is 

believed that heterozygous DHCR7 mutation carriers have >1% frequency in the human population, 

and they are considered healthy. However, when this one mutant copy is combined with 

environmental insults during development, are they vulnerable to developing a disease?  

We recently found that heterozygous carriers have elevated 7-DHC levels. It has been well 

documented that 7-DHC is toxic, and its numerous spontaneous oxidative products (oxysterols) have 

disruptive effects on normal cell division and differentiation. In addition, we also found that 

aripiprazole (ARI- an atypical antipsychotic) and trazodone (TRZ - an antidepressant) both strongly 

increased 7-DHC levels, even in individuals carrying no mutant copies of the DHCR7 gene. In follow-up 

experiments we observed that peripheral dermal fibroblasts from human DHCR7+/- mutation carriers 

also had elevated 7-DHC levels at baseline, which worsened as a result of ARI exposure. Thus, ARI/TRZ 

exposure and DHCR7+/- mutations potentiate each other, elevating 7-DHC levels into a pathological 

range. As a result, the spontaneous, toxic metabolites of 7-DHC will alter neural development and/or 

brain function, especially when DHCR7+/- mutation carrier mothers have DHCR7+/- offspring exposed 

to ARI or TRZ. While overall safe for >98% of the human population, this argues that heterocyclic 

cationic amphiphile exposure might be deleterious to >1% of the human DHCR7+/- mutation carriers, 

and this warrants further investigation. We argue that in the era of precision medicine, potential 

differences in response to compounds that disrupt the cholesterol biosynthesis pathway must be 

respected, especially as their effect may be defined by both genetic makeup and life events at the 

same time. Thus, in the context of our studies, we suggest that treatment with 7-DHC elevating 

substances (such as ARI and TRZ) might be detrimental for the population that carries single-allele 

disruptions of the DHCR7 gene. In addition, it appears that the vulnerability to 7-DHC-elevating 

compounds is perhaps most pronounced during pregnancy and brain development, especially when 

both the mother and the fetus carry a single mutant, potentially disruptive DHCR7 allele. This complex 

drug exposure*maternal genotype*fetus genotype*developmental time point interaction may elevate 

7-DHC levels into a toxic range comparable to that seen in SLOS patients, resulting in deleterious 

developmental outcomes. Several other examples of gene*environment*development interactions 

and environment*environment*development interactions will be also discussed in the presentation. 
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Mladen Roko Rašin  

Timed mRNA translation in neocorticogenesis  

Rutgers University, Robert Wood Johnson Medical School, Newark, USA 

 

The long-term goal of our research efforts is to understand how the previously underappreciated 

regulation of protein synthesis (mRNA translation) in space and time drives neuronal diversity in 

developing neocortex. Neuronal diversity relies on intricate steps of functional gene expression. It has 

been established that spatio-temporal expression of transcription factors drive stem cell, neuronal and 

dendritic differences. While unidentified molecular mechanisms of post- transcriptional control like 

mRNA translation have strong potential to drive neuronal diversity, they have been thus far 

understudied. mRNA translation is the final essential step in the functional gene expression. We show 

that regulation of this process is one of the key molecular mechanisms in neocortical development. 
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Paško Rakid  

Neurogenetic processes leading to formation of large primate and human brain 

Department of Neuroscience, Kavli Institute for Neuroscience, Yale University School of Medicine 

 

The basic principles of cortical organization and development in mammals are deceivingly similar, but 

modifications of the early developmental events during myriad years of evolution have produced not 

only quantitative, but also qualitative changes in the cerebral neocortex with large functional 

consequences. How these differences emerge during individual development and evolution is an old 

problem that is evolving with the use of the new genetic, molecular and cell biological techniques. Our 

strategy is to compare the mode and timing of developmental events in the embryonic cerebral cortex 

of rodents, non-human primates and humans. This is a fast moving field, and I will relate the history of 

the subject in the context of the latest results. 
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PLENARY LECTURES 

 

Lipa Čičin Šain 

Serotonergic modulation of obesity: cross-talk between regulatory molecules and pathways 

Laboratory of neurochemistry and molecular neurobiology, Department of molecular biology, Ruđer 

Boškovid Institute, Zagreb  
 

The rise in obesity has driven a major interest in the mechanisms maintaining energy homeostasis, a 

complex physiological process which includes interactions of various central and peripheral regulatory 

molecules. It is known that serotonin (5HT)-mediated mechanisms play a role in the pathophysiology 

of obesity, but results from studies utilizing genetic perturbations of the serotonin system were often 

at odds with the historical notion that increased 5HT bioavailability leads to body weight reduction, 

and highlight the need to better understand integrative mechanisms at work during lifelong 

alterations in 5HT signaling. Moreover, in addition to the impact of serotonin produced in the central 

nervous system on the metabolic homeostasis (1,2), recently it became clear that the peripheral 

serotonin system has a pivotal function in the regulation of glucose and lipid homeostasis (3,4), by 

acting on different organs and cell types.  

Our work is aimed to better understand the impact of constitutionally altered activity of 5HT system 

on the regulation of hypothalamic-adipose tissue axis that regulates energy balance. For this purpose 

we use an original animal model, Wistar-Zagreb 5HT rats, developed in our laboratory by the use of 

selective breeding toward extreme activities of peripheral 5HT transporter (5), a key regulator of 5HT 

bioavailability. As a result of genetic selection two sublines of the model, high-5HT and low-5HT 

subline, show constitutional differences in central and peripheral 5HT homeostasis. One of the 

consequences of genetic selection is also a markedly overweight phenotype of high-5HT animals. The 

project investigates biological basis of interplay between increased 5HT tone and adiposity in the 

hyperserotonergic subline, and their functional consequences. Studies at the molecular level are 

focused on the expression of adipocyte- and hypothalamic-derived peptides, their receptors and 

downstream signaling as well as transcriptional factors and cofactors involved in the regulation of 

adipogenesis and energy homeostasis in general. Studies on the whole body level include 

investigations of the functional responses of 5HT sublines to specific physiological challenges, in 

particular susceptibility to diet-induced obesity and capability for cold-induced thermogenesis. Results 

of the project are expected to substantially advance the field of neuroadipology regarding the role of 

serotonin system in maintaining of energy homeostasis. Greater understanding of integrative 

mechanisms and pathogenesis is essential in order to develop more effective therapies for combat 

obesity and other metabolic disorders. The project also have potential to establish a novel rodent 

model for study obesity that would be complementary to existing models generated by genetic 

engineering or obtained by diet-induced approaches (HRZZ research project IP-2014-09-7827). 

References: 1. Voigt JP, Fink H. Serotonin controlling feeding and satiety. Behav Brain Res 277(2015)14-31.; 2. Oh 
CM, Park S, Kim H. Serotonin as a New Therapeutic Target for Diabetes Mellitus and Obesity. Diabetes Metab J 
40(2016)89-98.; 3. Namkung J, Kim H, Park S. Peripheral Serotonin: a New Player in Systemic Energy 
Homeostasis. Mol Cells 38(2015)1023-8.; 4. Oh CM, Namkung J, Go Y, Shong KE, Kim K, Kim H, et al. Regulation of 
systemic energy homeostasis by serotonin in adipose tissues. Nat Commun 13(2015) 6794.; 5. Cicin-Sain L, Jernej 
B. Wistar-Zagreb 5HT rats: A rodent model with constitutional upregulation/downregulation of serotonin 
transporter. In: AV Kalueff, JL LaPorte (eds) Experimental models in serotonin transporter research, Cambridge 
University press, 2010, 214-243. 

https://www.ncbi.nlm.nih.gov/pubmed/25217810
https://www.ncbi.nlm.nih.gov/pubmed/27126880
https://www.ncbi.nlm.nih.gov/pubmed/26628041
https://www.ncbi.nlm.nih.gov/pubmed/26628041
https://www.ncbi.nlm.nih.gov/pubmed/25864946
https://www.ncbi.nlm.nih.gov/pubmed/25864946
https://www.ncbi.nlm.nih.gov/pubmed/25864946
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Maja Valid 

Respiratory neuroplasticity initiated by acute intermittent hypoxia and hypercapnia 

Department of Neuroscience, University of Split School of Medicine  

 

Neuroplasticity is an important property of the neural system controlling breathing. It is defined as a 

persistent change in the neural control system based on prior experience. Different forms of plasticity, 

their underlying mechanisms, and their biological and clinical significance are yet to be learned. Well-

studied model of respiratory plasticity is long term facilitation of the phrenic nerve (pLTF) initiated by 

intermittent hypoxia. However, although intermittent hypercapnia is a concomitant feature of 

breathing disorders, knowledge about the expression and regulation of respiratory plasticity after 

episodic hypercapnia remains insufficient. Contrasting results from previous studies revealed that 

severe intermittent hypercapnia can evoke a form of respiratory plasticity known as phrenic long-term 

depression (pLTD) in experimental animals pointing that intermittency of the hypercapnic or hypoxic 

stimulus is needed to evoke distinct forms of respiratory plasticity. Furthermore, it seems that 

combined hypercapnia and hypoxia failed to evoke either form of phrenic nerve plasticity, indicating 

that both stimuli working together might be crucial in maintenance of breathing stability. Hypoxia and 

hypercapnia are involved in distinct forms of respiratory plasticity, which might oppose one another in 

a ‘push–pull’ manner under specific respiratory challenge. Indeed, recent findings have shown that 

serotonergic modulation plays an important role in both forms of respiratory plasticity, but in an 

opposite manner. Blockade of serotonin receptors prevented development of pLTF, but revealed 

development of pLTD. Possible site of serotonergic modulation involves supraspinal level at caudal 

raphe region and spinal level of phrenic motor nucleus. 

Repeated episodes of hypoxic and hypercapnic challenges are seen in obstructive sleep apnoea (OSA), 

making it reasonable to expect that these two phenomena affect distinct forms of respiratory 

plasticity that interact and impact on breathing stability in humans. 

A variety of factors such as periodicity versus continuity, intensity, duration and frequency of hypoxic 

episodes, and background oxygen level are shown to play an important role in the development of 

pLTF. Recent studies on respiratory plasticity in humans indicate that ventilatory LTF can be initiated 

only if acute intermittent hypoxia is accompanied by increased levels of carbon dioxide. The question 

remains whether different forms of respiratory plasticity are beneficial or detrimental to the stability 

of breathing in OSA patients. Exposure to intermittent hypoxia has generally been considered a 

stimulus with many detrimental outcomes. Recently, intermittent hypoxia has been linked to many 

beneficial outcomes postulating that mild forms of intermittent hypoxia initiate beneficial outcomes, 

while severe forms of intermittent hypoxia are coupled to detrimental consequences. There is a 

possibility that intermittent hypoxia could serve as an adjunct therapy coupled with continuous 

positive airway pressure to treat OSA. Exact hypoxic protocol, intensity, duration and frequency of 

hypoxic episodes, and background oxygen and carbon dioxide levels are yet to be determined. 
References: 1. Fuller D and Mitchell G. Respiratory neuroplasticity – Overview, significance and future directions. Exp Neurol 
287:144-152, 2017.; 2. Valic M, Pecotic R, Pavlinac Dodig I, Valic Z, Stipica I and Dogas Z. Intermittent hypercapnia-induced 
phrenic long-term depression is revealed after serotonin receptor blockade with methysergide in anaesthetized rats. Exp 
Physiol 101:319-331, 2016.; 3. Valic M, Pecotic R, Pavlinac I, Valic Z, Peros K and Dogas Z. Microinjection of methysergide into 
the raphe nucleus attenuated phrenic long-term facilitation in rats. Exp Brain Res 202:583–589, 2010.; 4. Pavlinac Dodig I, 
Pecotic R, Valic M and Dogas Z. Acute intermittent hypoxia induces phrenic long-term facilitation which is modulated by 5-
HT1A receptor in the caudal raphe region of the rat. J Sleep Res 21:195–203, 2012.; 5. Mateika J and Komnenov D. Intermittent 
hypoxia initiated plasticity in humans: A multipronged therapeutic approach to treat sleep apnea and overlapping co-
morbidities. 287:113-129, 2017. 
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Neven Henigsberg 

Biological predictors of therapeutic response in depression 

University Psychiatric Hospital Vrapče, Zagreb, Croatia 

 

Recent WHO analysis indicates that depression will be the leading cause of disease burden globally by 

2030. The prevalence of patients treated with antidepressant medications is continuously rising by 

0.5% per year in developed countries. 

New drug development for the treatment of psychiatric disorders is showing considerable slow-down 

in recent decades. No break-through therapies became available in last 20 years and no significantly 

new mechanisms of action were revealed, despite of the rising number of studies. Pharmaceutical 

innovations over that period were only minor, with no major gains in efficacy of treatment. With 

regards to therapies of depression, there are no major improvements either in relation to efficacy, or 

to the onset of therapeutic effect. 

It is questionable to which degree the depressive disorder is the separate clinical entity, as depressive 

symptoms are present in wide range of psychiatric disorders. The finding of genetic overlap between 

five major mental disorders and another research displaying that disruptions to the brain’s white 

matter are shared among different classes of mood disorders may re-direct the course of clinical 

research. Refined inflammation theory experiments displaying that behavioral and mood changes 

correlate to a larger extent with pro-inflammatory cytokines (especially IL-6) production than to 

inflammation itself, may widen the scope of research interest beyond the boundaries of psychiatry.  

Failure of clinical trials in last period indicate that our knowledge of possible mechanisms of action is 

bound to the too limited classical monoamines concept, and/or the methodology employed to 

research full therapeutic effectiveness may not be entirely adequate. Recent findings point that drug 

substances more act as an impetus for velocity, than for a direction of the change in patient status, 

while the environment stimuli are the basic parameter underlying the direction of change.  

There is a long-lasting search for a therapy of depression that would possess more prompt onset of 

action. Some recent findings are promising in that sense: shorter time to response is observed with 

NMDA competitive and non-competitive antagonists, although it is likely that this effect could not be 

attributed to NMDA receptor blockade itself, but also at least to the indirect boost of key growth 

factor thought to lift depression;  The observation of upregulated cAMP observed after chronic 

antidepressant treatment suggests cAMP and PDEs as possible future targets for antidepressant 

development; Selectively blocking serotonin 2C receptors significantly reduce depression-like 

behaviours in mice; The iTBS, a modified variant of transcranial magnetic stimulation produces effect 

in a one week. Recent findings point that the gain of antidepressant effect may not be inevitably 

linked solely to monoamine metabolism. 

Neuroimaging studies of interconnected brain networks represent a measurable and evaluable link 

between behavioral and biological models in search of more effective therapies of depression. 
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Goran Šimid 

Using deep-learning artificial intelligence to resolve the mechanistic relationship between 

Alzheimer's disease and gut microbiota 

Department of Neuroscience, School of Medicine, Croatian Institute for Brain Research, University of 

Zagreb 

 

Recently emerging “deep learning” systems and artificial neural networks need not be programmed 

exclusively with a human expert’s knowledge. Instead, they can learn on their own, often from big 

datasets that are far larger than humans can cope with, until they can see patterns. In two recently 

published studies (Gubiani et al., Expert Syst. Appl., 2017; Cestnik et al., Genomics Comp. Biol., 2017) 

authors used the literature mining tools of OntoGen to document clustering and CrossBee for cross-

domain bridging term exploration to search for hidden relations in scientific papers from two domains 

of interest, Alzheimer’s disease and gut microbiome. The results supported the hypothesis of the 

neuroinflammatory nature of Alzheimer’s disease and identified several potential links: nitric oxide 

synthase, Lactobacillus, bile acid (ABC transporters), and serotonin. However, as advanced artificial 

intelligence systems cannot explain their logic and the computations that lead to an outcome remain 

hidden, I will make an attempt to open up the black box of machine thinking behind these discoveries, 

and provide insights about the mechanisms that led to the outcomes to help interpreting the 

associations observed. 
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Marija Heffer 

Chronic stress and overnutrition lead to changes in insulin and leptin sensitivity in the brain 

Department of Medical biology and genetics, Faculty of Medicine Osijek, J. J. Strossmayer University of 

Osijek 

 

Obesity is a leading health problem worldwide caused by profound lifestyle changes, misleading 

medical advice regarding dietary fat consumption and propulsive introduction of carbohydrate rich 

foods and beverages in the food market. In the last three decades the labor market has drastically 

changed – stable lifetime jobs have become a rare commodity and even the most leading world 

economies have suffered from a period of financial crises which represents a chronic stress for the 

society as a whole. Chronic stress usually prevents weight gain, but increases the risk from visceral-

abdominal obesity if combined with high fat and/or high sugar diet. Subsequently, visceral-abdominal 

obesity is associated with a rise in cardiovascular disease, diabetes mellitus 2 (DM2) and certain 

cancers. We investigated a link between peripheral and central insulin and leptin resistance induced 

by chronic stress or high fat/high sugar diet (HFHSD) in a rat model.  

Chronic stress by itself in not causing changes in glucose tolerance in young or middle-aged animals, 

even increases sensitivity to glucose. Despite preserved peripheral glucose control female animals 

show a significant cognitive decline under stress.. Contrary to stress, HFHSD in middleaged animals 

affects glucose tolerance in both sexes, but females are more susceptible to the development of leptin 

and insulin resistance of peripheral and central type. The Metformin treatment repairs sensitivity to 

insulin and leptin in satiety centers of both sexes, and in such way corrects glucose tolerance. On the 

contrary, the Liraglutide treatment fails to help female animals to regain glucose control probably due 

to the overall development of insulin resistance in satiety and reward centers. Female animals on 

HFHSD decompensate after 10 weeks of Liraglutide treatment, start losing weight despite overeating 

and their mortality rate increases. 

Insulin and leptin signaling pathways cross-talk and affect each other at the level of peripheral organs, 

but also at the level of the central nuclei regulating energy metabolism. The changes in glucose 

metabolism at the level of peripheral organs reflect the changes in the neuronal network regulating 

satiety and reward.  The expression level of insulin and leptin receptor and their downstream signaling 

counterparts in the critical nuclei may refer to fragility points in the development of insulin and leptin 

resistance.  

Acknowledgments: This study was funded by the Croatian Science Foundation project IP-09-2014-2324, the 
Association for Regional Cooperation in the Fields of Health, Science and Technology (RECOOP HST Association) 
and the J. J. Strossmayer University of Osijek projects INGI-2015-35 and VIF2016-MEFOS-22. 
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Ivica Kostovid 

Subplate zone of the human fetal cortex: concept of a new associative nexus 

Croatian Institute for Brain Research, School of Medicine, University of Zagreb 

 

Subplate (SP) zone is the most voluminous transient cellular compartment of the cerebral wall in the 

fetal human brain, which is situated between fibrillar intermediate zone and cell dense cortical plate 

(CP). In primates SP is thicker than cortical plate and the ratio of thickness of SP: (CP) in human is as 

high as 4:1 (in monkey 2:1). SP contains postmigratory GABAergic, peptidergic and glutamatergic 

neurons with advanced dendritic differentiation, functional synapses, presynaptic growing axons of 

cortical and subcortical origin and is therefore essential part of developing cortex. The development 

and functional role of subplate is still enigmatic. Previous studies provided incomplete evidence that 

subplate zone and their cellular constituency play different developmental roles: guidance of efferent 

cortical axons and afferent axons from thalamus (“waiting compartment”), generation of spontaneous 

oscillatory activity, synaptogenesis, molecular specificity and diversity, formation of cortical circuitry, 

development of associative pathways and gyration and plasticity and recovery after developmental 

lesion. The unexplored features of SP which may explain some of above mentioned morphogenetic 

roles are main topics of the project “Subplate zone of the human brain: unsolved problems”.  

In the present paper we concentrate on two questions: how SP provides connectivity substrate across 

hemispheres and relationship with growing associative pathways.  

Using electromicroscopy, immunocytochemistry for neuronal, glial and extracellular matrix markers, 

Stensaas modification of Rio del Hortega method, AChE histochemistry, conventional MR and DTI 

tractography in developing fetal and preterm brain (Zagreb Collection and new cohort of the current 

project), we have found that neuronal circuitry elements (postsynaptic dendrites, axons growing 

towards cortical plate, synapses, astroglia and guidance substrate of ECM) extend tangentionally 

across entire hemisphere without radially oriented borders. This network of spatially overlapping 

circuitry elements forms a transient nexus which provides: 1. Substrate for generation and 

propagation of spontaneous activity, 2. Participates in first synaptic connections with thalamocortical 

and basal forebrain afferents and 3. Links circuitry in different brain regions via SP to SP synaptic 

coupling and spatially unrestricted multiple entrance points of afferent axons. In preterm cortex SP 

provides multiple ingrowth zones for long associative pathways in the early postnatal cortex, SP 

derivate, called SP remnant, serves as “miniature waiting” and ingrowth compartment for short 

corticocortical fibres (U-fibres, arcuate fibres). Neuronal elements of SP remain as interstitial “gate” 

neurons in the cortex of infant, adolescent and adult brain. The results obtained in this first phase of 

project will serve as normative data for analysis of neurological, cognitive and behavioural outcomes 

in selected group of preterm infants in cooperation with KBC Zagreb, supported by HRZZ.  
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SPECIAL LECTURE - BRANIMIR JERNEJ PRIZE FOR 2016 

 

Maria Brbid 

The landscape of microbial phenotypic traits and associated genes 

Ruđer Boškovid Institute, Zagreb 

 

Brbid M, Piškorec M, Vidulin V, Kriško A, Šmuc T, Supek F.: The landscape of microbial phenotypic traits 

and associated genes, Nucleic Acids Research 2016 Dec 1;44(21):10074-10090.  

 

Bacteria and Archaea display a variety of phenotypic traits and can adapt to diverse ecological niches. 

However, systematic annotation of prokaryotic phenotypes is lacking. We have therefore developed 

ProTraits, a resource containing ∼545 000 novel phenotype inferences, spanning 424 traits assigned to 

3046 bacterial and archaeal species. These annotations were assigned by a computational pipeline 

that associates microbes with phenotypes by text-mining the scientific literature and the broader 

World Wide Web, while also being able to define novel concepts from unstructured text. Moreover, 

the ProTraits pipeline assigns phenotypes by drawing extensively on comparative genomics, capturing 

patterns in gene repertoires, codon usage biases, proteome composition and co-occurrence in 

metagenomes. Notably, we find that gene synteny is highly predictive of many phenotypes, and 

highlight examples of gene neighborhoods associated with spore-forming ability. A global analysis of 

trait interrelatedness outlined clusters in the microbial phenotype network, suggesting common 

genetic underpinnings. Our extended set of phenotype annotations allows detection of 57 088 high 

confidence gene-trait links, which recover many known associations involving sporulation, flagella, 

catalase activity, aerobicity, photosynthesis and other traits. Over 99% of the commonly occurring 

gene families are involved in genetic interactions conditional on at least one phenotype, suggesting 

that epistasis has a major role in shaping microbial gene content. 
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Selected short oral presentations of PhD students 

 
PP01 
MRI and immunohistochemical analysis of toxic-induced (cuprizone) and congenital 
(B4galt1-null) demyelination time course 
Andrijevid D, Škokic S, Viljetic B , Tot O Z , Gajovid S, Schnaar R, Heffer M 
 
PP13 
Characterization of dorsal root ganglion neurons cultured on silicon micro-pillar substrates 

Repid T, Madirazza K, Bektur E, Sapunar D 

 
PP27 
Volumetric and DTI analysis of corticopontine system in the human preterm infants 

Raguž M, Vukšid M, Radoš M, Kostovid I 

 

PP36 
Retromer (dys)function in Niemann-Pick type C disease models 
Dominko K, Katušid Hedimovid S 
 
PP47 
Neuroplastin expression and submembrane distribution is related to specific ganglioside 
composition 
Ilid K, Mlinac Jerkovid K, Heffer M, Schnaar L. R, Kalanj Bognar S 
 
PP60 
Serotonergic markers of insomnia in PTSD 
Konjevod M, Tudor L, Nedid Erjavec G, Nikolac Perkovid M, Uzun S, Kozumplik O, Švob Štrac D, 

Pivac N 
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SYMPOSIUM SUPPORTED BY INTERNATIONAL SOCIETY FOR NEUROCHEMISTRY 

Frontiers in neurochemistry -  

Crosstalk of membrane proteins and lipids in health and disease 

 

Raquel Marin 

Neuronal lipid homeostasis: A main factor for brain maintenance and neuroprotection. 

Laboratory of Cellular Neurobiology, Dept. Basic Medical Sciences, School of Medicine, University of La 

Laguna, Spain 

 

The brain is one of the organs containing the largest amount of different lipid molecular species. In 

this sense, neurolipidomic studies are crucial to understand the potential changes that may occur 

during brain ageing progression and age-associated neuropathologies. 

For more than a decade, our research group has been working in elucidating the potential changes 

that may occur in lipid raft microdomains which are distinct microstructures present in neuronal 

plasma membranes with a particular lipid composition. Lipid rafts are considered functional domains 

where numerous signaling proteins interact, and initiate different signal transduction pathways that 

ultimately lead to neuroprotection and neuronal survival. 

During brain ageing, some subtle differences as compared to normal levels have been observed in the 

lipid composition of neuronal lipid rafts, in particular in brain regions involved in memory and 

cognitive processes, such as cortical areas and hippocampus. These changes are exacerbated in age-

associated neuropathologies such as synucleopathies, Parkinson’s disease and Alzheimer’s disease, 

even at early asymptomatic stages, as an indicative of the importance of the maintenance of brain 

lipid homeostasis in neuronal membranes to preserve against injury. One of the main consequences of 

these lipid alterations is the enhancement of aberrant protein-lipid and protein-protein associations of 

the multimolecular interactions occurring in these signaling platforms detecting, among others, an 

enhancement in the interaction of proteins involved in amyloid beta formation machinery at early 

stages of Alzheimer’s disease, protein abnormal aggregation and post-transductional modifications in 

synucleopathies, and toxic intracellular signaling. Interestingly, similar molecular anomalies have been 

observed in neuronal lipid rafts of, both, cortical areas and hippocampus during menopausal periods 

where a detriment of steroid hormones is observed, as an indicative of the importance of lipid raft 

activities in estrogen-related neuroprotection. 

The identification of the early events involving the molecular disarrangements in neuronal lipid rafts 

may be a potential tool for the development of neuronal early diagnostic biomarkers for these 

neuropathological diseases. 

Grants: SAF2014-52582-R. 
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Dirk Montag 

Neuroplastin ablation causes retrograde amnesia and circuit dependent deficits correlated 

to loss of neuroplastin PMCA complexes 

Leibniz Institute for Neurobiology, Magdeburg, Germany 

 

Memory acquisition, consolidation, storage and retrieval are critical processes affected in numerous 

psychopathological disorders, but mechanistically sparingly understood. Polymorphisms in the human 

neuroplastin (NPTN) gene were linked to cortical thickness and adolescent intellectual ability1 and to 

schizophrenia2. Neuroplastin-deficient mice reveal profound physiological and behavioral deficits3, 

some related to depression and schizophrenia. Associative learning in conditioning paradigms (two-

way active avoidance and fear conditioning) requires neuroplastin cell recognition molecules. 

Inducible neuron-specific ablation of neuroplastin gene expression in adult mice elicites retrograde 

amnesia specifically of learned associative memories and proving neuroplastins as indispensible for 

access and retrieval of previously acquired associative memories3. Glutamatergic neuron-selective lack 

of neuroplastin resulted in behavioral deficits indicating hippocampal, striatal, and sensorimotor 

dysfunction paralleled by highly altered brain activities in hippocampal CA1 area, sensorimotor cortex 

layers I-III/IV, and the striatal sensorimotor domain detected by SPECT-imaging4. Using this technique 

in awake mice, we have begun to map brain structures activated during memory recall. Neuroplastin 

expression in glutamatergic neurons commands particular behaviors, whereas neuroplastin expression 

by GABAergic interneurons appears necessary for fear memories requiring disinhibition of cortical 

interneurons. Neuroplastin-Plasma Membrane Ca2+ ATPase (PMCA) complexes are strongly related to 

regulation of intracellular Ca2+-homeostasis in many tissues4,5. Reduced PMCA levels in neuroplastin-

mutant mice may increase [iCa2+] altering neuronal activities. Neuron-type-specific neuroplastin 

ablation empowers the investigation of circuit-coded learning and memory and its relation to 

cognitive deterioration. The inducible neuroplastin-deficient mouse model, achieving experimental 

induction of retrograde amnesia genetically, provides new means to analyze the molecular and 

cellular mechanisms underlying retrograde amnesia and memory. 

References: 1. Desrivieres S, et al. (2014) Single nucleotide polymorphism in the neuroplastin locus associates 
with cortical thickness and intellectual ability in adolescents. Mol. Psychiatry 20: 263-74.; 2. Saito A, et al. (2007): 
Association study of putative promoter polymorphisms in the neuroplastin gene and schizophrenia. Neurosci. 
 Lett 411:168–173.; 3. Bhattacharya S, et al. (2017) Genetically-induced retrograde amnesia of associative 
memories after neuroplastin ablation. Biol Psychiatry. Jan 15;81(2):124-135.; 4.Herrera-Molina R,et al.(2017) 
Neuroplastin deletion in glutamatergic neurons impairs brain functions and calcium regulation: implication for 
cognitive deterioration. Scientific Reports 7: 7273, doi:10.1038/s41598-017-07839-9.; 5.Korthals M, et al.(2017). 
A complex of Neuroplastin and Plasma Membrane Calcium ATPase controls T cell activation. Scientific Reports in 
press. 
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Rodrigo Herrera-Molina 

Why is Neuroplastin Essential for Circuit Activity Balance? - New interactions with TRAF6 

and PMCA 

Leibniz Institute for Neurobiology, Magdeburg, Germany 

 

The importance of the cell adhesion molecules neuroplastin 55/65 for brain architecture and function 

has been demonstrated by studies on humans and rodents. Indeed, our recently published findings 

reveal that neuroplastin expression in distinct neuronal sub-types and circuits commands particular 

behaviors. Neuroplastins are present in synapses regulating synapse plasticity and protein levels of the 

Plasma Membrane Calcium ATPases (PMCAs). Thus, we aim to identify neuron type- and circuit-

specific functions of the Np-PMCA association. We identified PMCA isoforms as prevalent Np partners 

in rodent synaptic membranes. Analysis showing stoichiometrically-linked Np-PMCA native complexes 

in wild type and drastically reduced PMCA levels in synaptic membranes from Nptn-/- and 

NptnloxloxCreEmx1 mice indicate a close physical coupling. In vitro experimentation confirmed that the 

transmembrane region of Np is sufficient to promote PMCA membrane localization and PMCA-

mediated Ca2+-clearance. As second important feature, Np regulates the number and structural 

stability of hippocampal excitatory synapses and Np mice display reduced number of excitatory 

synapses. Because Np cytoplasmic domain contains a tumor necrosis factor receptor-associated factor 

6 (TRAF6) motif, we also evaluate the role Np-TRAF6 interaction in synapse formation/stabilization in 

CA1 pyramidal neurons. Np-deficient hippocampal neurons form less and shorter dendritic protrusions 

during synaptogenesis. Rescue of dendritic protrusion formation by Np expression did not occur in 

mutant neurons co-transfected with TRAF6 siRNA. Np mutants in the TRAF6 binding site failed to 

promote dendritic protrusion formation in wild type and Np-deficient neurons. Np-TRAF6 direct 

interaction was confirmed using molecule docking modelling in silico, surface plasmon resonance, 

pulldown and immunoprecipitation assays and a series of negative dominant and mutant constructs. 

Over-expressing different Nps tagged with fluorescent proteins, we observed multimerization of Nps 

(FRET experiments), recruitment of cytosolic TRAF6 and robust Np-TRAF6 co-localization (confocal 

imaging) in the cell plasma membrane. Examination of downstream signaling cascades lead us to 

identify a role for NF-ĸB and PI3K/Akt/WASP pathways in Np-TRAF6-induced formation of dendritic 

protrusions in neurons. Our data support the existence of a new synaptogenic interaction between Np 

and TRAF6 as well as a novel and tight association between Np and PMCA participating in distinct 

calcium regulation in particular neuronal types. 
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Gundela Meyer 

Cell substrates of Reelin-Receptor signalling in human cerebral cortex development 

Department of Basic Medical Science, Faculty of Medicine, University of La Laguna, Tenerife, Spain 

 

In the developing cerebral cortex, pyramidal neurons migrate along radial glia fibers from their birth 

place in the periventricular proliferation zones to their destination in the cortical plate. This radial 

migration is under the control of the Reelin-Disabled 1 (Dab1) signalling pathway. The  large 

glycoprotein Reelin is secreted by the Cajal-Retzius cells in the marginal zone below the pial surface, 

and is the main ligand in the brain for Very Low Density Lipoprotein Receptor (VLDLR) and 

Apolipoprotein E Receptor 2 (ApoER2), expressed in the target cells of the Reelin signal. Both 

receptors interact, through their NPXY domains, with the adaptor protein Dab1 and induce reciprocal 

phosphorylation of Dab1 and the Src family kinases. Phosphorylation of Dab1 leads to its degradation 

by ubiquitination. Disturbances of this canonical signalling pathway (loss of Reelin or Dab1, or deletion 

of both lipoprotein receptors) give rise to the reeler phenotype, characterized by a severely disrupted 

architecture of the cerebral cortex and cerebellum. Single ApoER2 or VLDLR knockout mice present 

distinct cortical phenotypes which are less severe than the reeler cortex. In humans, loss-of-function 

mutations of REELIN  lead to lissencephaly and cerebellar  hypoplasia, whereas mutations of VLDLR 

present a less severe cortical phenotype but a similar severe hypoplasia of the cerebellum.  The two 

receptors have been proposed to play different roles in radial migration; ApoER2 would be more 

implicated in the stability of the cytoskeleton of the neurons migrating along the radial glia, whereas 

VLDLR would act principally at the end of migration near the marginal zone. In fact, the expression 

patterns of ApoER2 and VLDLR in the developing human cortex are different, although both reach 

their highest expression levels around midgestation. Despite the differential expression of both 

receptors, the activity of the signalling pathway depends also on the presence of Dab1 in migrating 

neurons. Dab1 in the fetal human cortex follows a dynamic and distinct expression pattern, with 

highest levels at the top of the cortical plate, near the Reelin signal, but also in the intermediate zone 

and the proliferating periventricular zones. The identification of the cellular substrates of the different 

components of the Reelin-Dab1 pathway is thus critical to understand normal cortex development, 

and the resulting malformations if one of the key players is disrupted. An important difference 

between cortex development in mouse and human is the expression of all the components in subsets 

of Cajal-Retzius cells of the latter. These neurons are particularly prominent in the human brain; 

similarly, they show high complexity in their expression of Reelin (which is always present), together 

with the less consistent presence of Dab1, ApoER2 and VLDLR. It is thus possible that 

Reelin/Lipoprotein Receptors/Dab1 signalling regulates the positioning of the Cajal-Retzius cells, which 

are the very origin of the Reelin signal during fetal life.  
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POSTER PRESENTATIONS 

 

P1 Basic neuroscience 

PP01  
MRI and immunohistochemical analysis of toxic-induced (cuprizone) and congenital 
(B4galt1-null) demyelination time course 
Andrijevid D, Škokic S , Viljetic B , Tot O Z , Gajovid S, Schnaar R, Heffer M 
J. J. Strossmayer University of Osijek, Faculty of Medicine Osijek, Department of Medical Biology and 
Genetics. Osijek, Croatia; Croatian Institute for Brain Research, University of Zagreb School of 
Medicine, Zagreb, Croatia; Department of Pharmacology and Molecular Sciences, The Johns Hopkins 
School of Medicine, Baltimore, MD, USA; Cara Hadrijana 10E, 31 000 Osijek, Croatia 
Mice with a disrupted B4galnt1 gene lack the enzyme UDP-GalNAc:GM3/GD3 

Nacetylgalactosaminyltransferase or simply GM2/GD2 synthase. Subsequently, they lack complex 

brain gangliosides such as GD1a and GT1b, found on axons. Lacking GD1a and GT1b, myelin associated 

glycoprotein (MAG) on oligodendrocytes, cannot make proper connections with opposing complex 

gangliosides. With age, these mice exhibit axonal degeneration anddemyelination resulting in motor 

and behavioral deficits. Cuprizone-induced demyelination is a well characterized model for central 

nervous system demyelination, due to specific cell death of oligodendrocytes. To compare these two 

mouse demyelination models, we performed protocol of 20 days of cuprizone feeding, brain magnetic 

resonance imaging (MRI) and immunohistochemistry at 3 and 6 months of age. We imaged ex vivo 

brains of 3 groups of mice: B4galnt1-null, wild-type (C57BL/6) and cuprizone-fed. Each group consisted 

of 3 subjects. Brains were perfused with 4% PFA, extracted and kept in the PBS, then underwent 

imaging. MRI data was acquired on 7T Bruker BioSpec using the spin-echo DTI sequence in 64 

directions, and isotropic 150 μm voxels. Using anatomical markings, regions of interest were set in the 

rostral part of corpus callosum and analyzed according to their radial diffusivity (RD) maps. 

Immunohistochemistry was performed using typical myelination (MAG, MBP), and fiber-

phosphorylation markers (SMI 311, SMI 312) to compare groups and validate MRI results. Using 

Mann-Whitney and Kruskal-Wallis tests, results showed significant statistical differences across the 

groups at 3 and 6 months of age (both p=0.004). At 3 months of age, B4galnt1-null group had lower 

RD values from both cuprizone-fed (p=0.002) and wild-type group (p=0.026). At 6 months of age wild-

type group had lower RD values comparing to the cuprizone-fed group(p=0.002), as well as B4galnt1-

null group (p=0.038). In 3 months old group, highest RD values in the cuprizone-fed group can be 

explained solely due to demyelination. Moreover, lowest RD values in the B4galnt1-null group can be 

explained due to unwinding of myelin causing less diffusion of water perpendicularly to the axon. At 6 

months of age, difference between cuprizone and wild-type group suggests higher demyelination in 

this group than at 3 months old one, which can suggest that cuprizone had more toxic effect on mice 

that were 6 months of age. RD being higher in B4galnt1-null group at 6 comparing to 3 months old 

animals, suggests apoptosis of oligodendrocytes with unwound myelin. Myelin markers confirmed MRI 

results and proved different demyelination pattern in two mice models. MAG expression was similar in 

B4galnt1-null group and wild-type at 3 months, but was significantly reduced at 6 months of age. Fiber 

markers (SMI 311, SMI 312) showed accompanied dephosphorylation of neurofilaments, suggesting 

axonal pathology. 

Acknowledgments: This study is funded by HRZZ project Pathophysiological consequences of lipid raft changes’, 

IP-09- 2014-2324. The MRI scans were performed at the Laboratory for Regenerative Neuroscience - GlowLab, 

University of Zagreb, Croatia.  
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PP02 

Sex and age differences of medium spiny projection neurons in early adult mice  

Bičanid I, Bornschein U, Petanjek Z 

University of Zagreb School of Medicine, Department of Anatomy and Clinical anatomy, Croatian 

Institute for Brain Research; Max Planck Institute for Evolutionary Anthropology, Leipzig, Germany 

Basic Neuroscience 

Medium spiny projection neurons (MSNs) are the most numerous neuronal population in the 

mammalian striatum. In this study we have analysed dendritic morphology and spine density from a 

sample of 312 Golgi Cox impregnated MSNs in 30 mice.  Neurons were taken from the dorsal striatum 

in equal proportion throughout the rostro-caudal axis and where three-dimensionally reconstructed 

using Neurolucida software.  

One half of neurons was of obtained from three lines of genetically modified mice carrying humanised 

version of Foxp2 gene (Foxp2hum, Foxp2T302N, Foxp2N324S), where each group was compared to wild type 

littermates of the same age and sex that were raised together. Statistical analysis did not reveal any 

major difference in dendritic morphology as well as spine density between animals in group of 

genetically modified line when compared to corresponding control group. 

Since all the animals were in the young adult age, we were interested to see if changes in dendritic 

morphology and spine density occured in MSNs during this period, as is the case for postadolescent 

maturation of neurons inside cortico-striatal circuits in the human brain (Petanjek et al. 2011, PNAS 

108:13281). Statistical analysis of neuron morphology and spine density was performed between 

group of animals aged 75-83 days (average - 79 days, Group 1) with group of animals aged 89-95 days 

(average age - 92 days, Group 2), separately for wild-type and genetically modified mice. Animals 

where additionally separated by gender. 

Statistical analysis didn’t indicate changes in dendritic morphology during this period, but there was a 

huge increase in the dendritic spine densities in males (~50%), whereas in females this increase was 

less pronounced (~15%).  

Consequently, in the younger group females had significantly higher spine density than males (~25%), 

but in the older group males showed tendency to have higher spine density than females (~10%). In 

both age groups there was a tendency in females to have longer and more bifurcated dendritic trees 

(~15%).  

Described pattern of changes in spine density, as well as sex differences have been the same for both 

groups, of wild type and genetically modified mice. However, even though the increase of dendritic 

spine densities presented in aspecific pattern clearly prove differences between younger and older 

animals, sex differences in dendritic morphology should be taken with caution since there is 

considerable variability in neuronal morphology inside the MSNs population. 

Data presented here show that reorganisation of striatal circuitries continues in the mice during early 

adult stage with different male-female rate, suggesting that females have slightly more advanced level 

of circuitry maturation at the beginning of early adult period. Modification of mice Foxp2 gene on 

human variants has not affected the pattern of this protracted MSN development. 

Acknowledgments: This work was supported by the Croatian Science Foundation project No. 5943 
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PP03 

Growth of human striatum during fetal and early postnatal life revealed by  

volumetric analysis 

Blaževid A, Raguž M, Sedmak D, Džaja D, Radoš M, Kostovid I  

Croatian Institut for Brain Research, School of Medicine, University of Zagreb; Department of 

Neurosurgery, University Hospital Dubrava; Department of Anatomy and Clinical Anatomy, School of 

Medicine, University of Zagreb  

Development of striatum begins around 7th PCW when first cells originating in ganglionic eminence 

migrate and form striatal anlage. First inhomogenities in internal organization are visible between 

10th and 14th PCW. Development of internal organization has its peak between 20th and 24th PCW. 

After this period striatum undergoes perinatal and postnatal reorganization. The exact time of adult 

type of organization is not precisely determined in literature. 

The purpose of this study was to determine growth curve of striatum in order to correlate it with 

changes in intrinsic organization which underway in our laboratory. In addition, we correlate changes 

in volume with growth of hemispheral volume during fetal and early postnatal period, based on well-

known corticostriatal relationship. 

Study involved 5 “normal” term infants, 15 normotypic developing premature infants with normal MRI 

and clinical parameters, 15 postmortal fetal brains from 13 till 40 PCW (Zagreb Neuroembryological 

Collection) and 5 normal infants age 1 month till 1 year. All groups were scanned by MRI device, 

control group at term, normotypic at the corrected term age and foetal brains after insertion in 

formalin. All volumes were measured on 3T MR images utilizing semi-automated and manual 

segmentation methods (MNI toolbox, available on the Internet). All data were analyzed using 

MathCalc statistical software (v 4.1, USA). 

Linear growth was observed in all measured data. Linear growth of striatum components, both 

caudate and putamen, left or right, follows increased volume of hemispheres and total brain volume 

from 13 PCW till age of one year postnatal. Peak of volume is around 24th PCW with the fastest 

growth between 20 and 28 PCW. 

Our study showed linear growth of observed structures (volume of nucleus caudatus, putamen and 

hemisphere) in fetal, neonatal and postnatal period with the peak of volume around 24th PCW. 

Showed results with peak around 24th PCW and the fastest growth between 20 and 28 PCW respond 

to transition according to structure of adult brain with modular organization which rearranges until 

the end of postnatal period (1st year of life).  

It is interesting that peak of the volume is achieved during maximum expression of modular 

organization which also reflex intensive ingrowth of corticostriatal projections. The normative data we 

presented in this study will be used for correlation with development of modular organization and 

analysis of brains after hypoxic lesions.  

*Supported by Croatian Science Foundation under the project Nr. IP-2014-09-4517 
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PP04 

Histochemical reorganizational processes in the human fetal cingulate gyrus during  

midgestation 

Bobid M, Knezovid V, Sedmak G, Macan M, Radoš M, Vukšid M, Jovanov-Miloševid N 

Croatian Institute for Rrain Research, School of Medicine University of Zagreb, Šalata 12, 10000 

Zagreb, Croatia; Department of pathology and cytology, Clinic for women's health and obstetrics of 

University Hospital Center Zagreb, Petrova 13, 10000 Zagreb, Croatia; Department of Medical Biology, 

School of Medicine University of Zagreb, Šalata 3, 10000 Zagreb, Croatia 

Since the transient zones of future cingulate gyrus (enlarged marginal and somewhat modest subplate 

zone) differ in comparison to future neocortical regions, we suppose some differences in timing of 

histogenetic processes (neuronal and glial migration, cells and procesusses differentiation) and 

reorganization. As a result, we expect spatial-temporal expression patterns of neuronal, glial and 

extracellular immunohistochemical markers among transient zones in the future anterior and 

midcingulate region to differ from other limbic as well as neocortical regions of the telencephalic wall. 

We used 27 post mortem fetal human brains, aged from 17 post conception weeks (PCW) to 40 PCW, 

stained by Nissl method, neuronal (microtubule associate protein, MAP2), glial (glial fibrillary acidic 

protein, GFAP), and extracellular (neuroan, NCAN and tenascin, TNC) immunohistochemical markers.  

A fine, discreet MAP2 immunoreactive neurons are visible in the cortical plate of the future cingulate 

gyrus well before 20 PCW, but  pyramidal-like cellular staining appears clearly at 20 PCW. The early 

signs of lamination of the cortical plate (CP) of cingulate gyrus are visible at 33 PCW, accompanied by 

the appearance of mature astrocytes, shown by GFAP. Significant differences between the cingulate 

gyrus and other telencephalic regions were found in TNC immunoreactivity during mid-gestation. 

Compared to other regions of the telecephalon, expression of TNC was upregulated in the marginal 

zone (MZ) and downregulated in the subplate zone (SP) of the presumptive cingulate gyrus. Also, TNC 

immunoreactivity in the SP showed decreasing gradient from deep to superficial and also differences 

in the timing and level of expression from anterior to posterior cingulate areas, appearing later in mid 

and posterior areas. The NCAN, a proteoglycan proven to play a number of roles in the brain 

development, is expressed in the CP of the future cingulate region stronger than in the rest of the 

medial telencephalic throughout the second half of gestation. Expressions of TNC and NCAN coincide 

in the intermediate zone from 17 PCW until 28 PCW and in the CP from 20 PCW until 33 PCW. 

These findings suggest that studied extracellular molecules might play a role in autocrine 

astrocyte/oligodendrocyte differentiation and possible axon guidance for projecting subplate neurons 

on one side and ingrowth of afferents on the other side. 

Acknowledgements: This work was supported by projects of Croatian Science Foundation (CSF): DOK-2015-10-

3939; No.7379; No.5943; and UNIZG: BM0054. 
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PP05  

Hypothalamic activation of brown adipose tissue in diet-induced thermogenesis is  

GC-C dependent 

Dugandžid A 

Croatian Institute for Brain Research, School of medicine, University of Zagreb 

Increased body weight is a leading health concern in our society, it leads to development of diabetes 

mellitus type 2 (DM2). Activity of brown adipose tissue (BAT) has great importance in development of 

obesity. People with higher activity of BAT are thinner, and have lower plasma glucose concentration 

because they do not store part of the energy intake as fat but spend it to produce heat. In contrast to 

cold induced activation of BAT, the activation of BAT during diet induced thermogenesis (DIT) is still 

controversial. Brain control of activity and development of BAT is well known and effects of brain 

uroguanylin (UGN) are one of the ways of that control.  

Therefore, we determine effects of guanylate cyclase C (the receptor for UGN, GC-C) on BAT activity 

during diet induced thermogenesis (DIT). To determine effects of GC-C on BAT physiology we compare 

interscapular (i)BAT activity by PET-CT and the iBAT volume by MRI in GC-C KO and WT animals. DIT 

was determined in male and female animals by measuring energy expenditure. Activity of iBAT during 

DIT was determined by measuring skin temperature over iBAT using infrared thermography 

UGN synthesis in the brain depends on food intake and insulin secretion closing the circle from energy 

intake to energy expenditure. In our study DIT and increased interscapular (i)BAT activity after a meal 

is present only in male WT animals. GC-C (receptor for UGN) KO animals have less iBAT which is still 

activated after cold exposure while after a meal the iBAT activation is abolished. The presence of GC-C 

in hypothalamus but not in iBAT suggests central regulation of the BAT activity by UGN. Difference in 

pattern and amount of expression of GC-C in arcuate nucleus of female animals seems to be 

responsible for gender differences in BAT activation after a meal.  

Our results suggest that dysfunctional brain UGN or changes in the regulation of UGN production are 

responsible for decreased amount or activity of BAT after a meal and development of DM 2. Better 

understanding of the physiological role of UGN in the brain and in development of disease will allow 

us the development of new therapy based on function of UGN to fight against this great health 

concern. 
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Structural differences between homologous areas of prefrontal cortex in rat, 

monkey and human: a quantitative NeuN and calretinin immunohistochemical study 

Džaja D, Esclapez M, Petanjek Z 

University of Zagreb School of Medicine, Department of Anatomy and Clinical anatomy and Croatian 

Institute for Brain Research; Aix Marseille Univ, Inserm, Institut de Neurosciences des Systèmes, 

Marseille, France 

Cortical column may have structural differences between species of different cognitive abilities. 

Several studies suggest that the ratio of excitatory versus inhibitory neurons, in cortex of different 

species, is not constant. This variability could result from evolutionary increased number of GABAergic 

neurons, in particular those containing calretinin (CR). In order to test this hypothesis, a quantitative 

study of the proportion of CR neuron among the total population of neurons was performed in the 

orbitofrontal cortex (OFC) of wistar rats (n=3), rhesus monkeys (n=3) and humans (n=3). The analyzed 

regions were the medial orbital (MO) area in the rat and the Brodmann area 14 caudal (14c) in the 

monkey and human. These agranular cortical areas in the rat and primates are considered as 

homologous high order associative regions based on their histological and connectivity properties. 

Immunohistochemical labeling for CR and the neuronal-specific nuclear protein (NeuN) were 

performed on adjacent sections throughout the entire region of interest. Unbiased stereological 

method was used to estimate the total number of neurons (NeuN) and CR cells in each cortical layer of 

the MO and 14c cortical area. Data were tested for statistical significance, with one-way ANOVA or t-

test. Our results demonstrate similar laminar distributions of the entire population of neurons as well 

as of CR neurons for the MO area of the rat and area 14c of monkey and human further supporting 

their homology. Despite a decreased density of neurons from rat to human, the proportion of neurons 

located in superficial layers (I-III) versus deep layers (V-VI) was similar in all the three species. In these 

OFC, more than half of all the total population of neurons and 80% of the CR neurons were located in 

the superficial layers. However, major differences in the laminar neuronal compositions were 

observed between the three species. One of the main differences concerns layer I that displays an 

increased number of neurons through evolution (rat=2,5%; monkey=6,1%; human=9,3%). 

Furthermore, the number of CR neurons increases across species at a higher rate than that of the 

entire population of neurons. This difference was particularly pronounced between rat and monkey 

with an increased proportion of CR neurons (CR/NeuN) from rodents to primates of about 5 fold. 

Indeed, CR neurons represented 2,6% of total neuronal population in the rat, and 12–17% in monkey 

and human. This increase of CR neurons was particularly striking in layer I. This layer contains ¼ of CR 

neurons and 50% of layer I neurons contain CR in primates versus 16% in rat. This study establishes 

that the proportion of CR neurons among the entire neuronal population increases tremendously from 

rat to primates in particular in layer I but not within primates whereas the neuronal density continues 

to decrease. This suggests that evolution from non-primate mammals to primates OFC is based mostly 

on an increase of a specific population of GABA neurons containing CR, whereas evolution of area 14c 

between non-human and human primates involved increased complexity of principal neurons 

associated with the decrease of their density.   

Acknowledgments: This work was supported by the Croatian Science Foundation project No. 5943 

 



 
6th Croatian Neuroscience Congress, September 16-18, 2017, Osijek, Croatia 

 47 

 

PP07 

Interaction between redox status and psychostimulants-induced neuronal plasticity  

Drosophila  

Filoševid A, Kolobarid J, Al-samarai S, Andretid Waldowski R 

University of Rijeka, Department of Biotechnology, Laboratory for behavior genetics, Radmile Matejčid 

2, 51 000 Rijeka, Croatia 

Addictive drugs engage mechanisms of neural plasticity to change the function and structure of 

thebrain resulting in addiction. Molecular mechanisms of drug-induced neuroplasticity are only 

partially understood, and recent evidence suggests involvement of redox regulation. Our hypothesis is 

that if changes in redox status modulate neuronal plasticity, then this will be evident as a change in a 

form of neuroplastic change:  locomotor sensitization to psychostimulants. 

To study the mechanisms of neuroplasticity in the lab, we use a model organism, Drosophila 

melanogaster, and we focus on a simple endophenotype: locomotor sensitization (LS) to cocaine 

(COC) and methamphetamine (METH) using our newly develop high throughput system, FlyBong. We 

induce LS using two administrations of the same dose of volatilized drug. To change redox status we 

feed flies for 16 hrs before drug exposure to one of the following substances: prooxidants hydrogen 

peroxide or paraquat, and antioxidants quercetin or tempol. To measure effects of treatment on redox 

status we measure activity of catalase and superoxide dismutase in the whole fly homogenates.  

We find that exposure to COC and METH alone increases activity of the antioxidant enzyme catalase 

and decreases activity of superoxide dismutase, while treatment with quercetine does the opposite. 

Interestingly, when COC or METH are combined with either pro- or antioxidant substances LS is 

abolished. However, LS is restored when pro- and antioxidants are given together, indicating that a 

proper balance of redox state is required for LS to develop. 

Our results indicate that redox state interacts with mechanisms of neural plasticity and that when 

balance is disturbed, LS does not develop. We are interested in defining those interactions, and 

defining consequences that redox-induced neuroplastic change have on rewarding aspects of 

psychostimulants that can be measured in self-administration paradigm.  

Research funded by: Sveučilišna potpora Sveučilišta u Rijeci, Istraživački projekt HRZZ br. 4920, Projekt razvoja 

karijera mladih istraživača, HRZZ 2015. Projekt Sveučilišta u Rijeci „Razvoj istraživačke infrastrukture na Kampusu 

Sveučilišta u Rijeci“ financiran je iz Europskog fonda za regionalni razvoj (EFRR).  
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Guanylate cyclase C independent signaling pathway for uroguanylin in astrocytes 
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Croatian Institute for Brain Research, School of medicine, University of Zagreb 

Guanylate cyclase C (GC-C) is membrane receptor discovered in intestine as receptor for stable 

enterotoxin of E. coli. It is, up to date, only known receptor for uroguanylin (UGN), which belong to 

guanylyl peptides family, and upon activation increase intracellular production of cGMP. GC-C is also 

expressed in the brain and leads to an increase in firing frequency of midbrain dopaminergic neurons 

of Substantia nigra compacta and Ventral tegmental area and GC-C knockout (KO) mice develop 

ADHD-like behavior. GC-C expressed in hypothalamus in Arcuate nucleus has controversial roll on 

feeding behavior, satiety and energy homeostasis. Here, we report that GC-C is not only existing 

receptor for UGN in the brain and it is also expressed in cerebral cortex and cerebellum.  

Ca2+ imaging was performed on brain slices of wild type (WT) and GC-C knockout (KO) mice, and on 

primary astrocyte culture isolated from WT newborn animals. 99% pure primary astrocyte culture was 

isolated by Magnetic Activated Cell Separation (MACS) method. Electrophysiological recordings of 

primary astrocyte culture were performed by perforated whole-cell configuration. Role of UGN on 

astrocyte pH was measured by micro-fluorescent method. GC-C mRNA expression analysis was 

performed by RT-PCR. GC-C co-localization with NeuN and GFAP was performed by IHC. 

Expression analysis showed that in addition to midbrain and hypothalamus GC-C is also present in 

cerebral cortex and cerebellum, but not in astrocytes. That was confirmed by IHC where GC-C is 

present in neurons of cerebral cortex and Purkinje’s cells and deep nuclei of cerebellum. Surprisingly, 

electrophysiological recordings of primary astrocyte culture showed that UGN hyperpolarized, while 

cGMP depolarized cell membrane. GC-C independent signaling pathway for UGN led to an increase in 

intracellular Ca2+ concentration in cerebral and cerebellar cortex of WT and GC-C KO mice, as well as in 

astrocyte culture which does not express GC-C. Via GC-C independent signaling pathway in astrocytes 

UGN increased recovery slope after acidification by activation of Na+/H+ exchanger. Furthermore, after 

astrocyte exposure to CO2/HCO3
-, UGN application led to an increase in alkalization slope. 

We show, for the first time, that GC-C is not only present in hypothalamus and midbrain than also in 

cerebellum and cerebral cortex. It is not only receptor for UGN in the brain. UGN increases 

intracellular Ca2+ concentration on WT mice and also on GC-C KO mice suggesting GC-C independent 

signaling pathway. Astrocytes play major role in extracellular fluid pH regulation that can change 

neural activity. UGN via this novel signaling pathway can modulate astrocyte intracellular pH by 

modulation of Na+/H+ exchanger and HCO3
- transport. 
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Although the basic principles of cortical development are conserved across mammals, evolutionary 

increased complexity of cortical GABAergic network leads to significant variability in origin and 

migration of GABAergic neurons when primates are compared to rodents. GABAergic cortical network 

in primates is particularly distinguished by tremendous increase in the proportion of calretinin 

neurons which contribute to half of GABAergic neuron population and are two times more numerous 

than other two major subpopulations, parvalbumin and calbindin/somatostatin. Therefore, it could be 

expected that the evolution is changing developmental rules to enable substantial changes that 

appear inside primate GABAergic network.  

To establish place of origin and migratory routes of different GABAergic neuron subpopulations in 

primates, we examined postmortem human and monkey fetal brain tissue during early fetal period (8-

12 postconceptional weeks in human and embryonic day 47-56 in cynomologus monkey) processed 

immunohistochemicaly for markers of GABAergic neurons (GAD65 and GAD67) as well as for 

molecular markers of three major subpopulations.  

Data confirmed that, as in all mammals described so far, the most important source of GABAergic 

neurons during the early fetal period is the ganglionic eminence. The vast majority of progenitors in 

the ganglionic eminence express GAD65 (but not GAD67). After leaving the ganglionic eminence 

tangentially migrating cells continue to express GAD65, emerge laterally on the cortico-striatal border 

and form main tangential migratory stream in the subventricular/intermediate zone of the lateral 

telencephalic wall.  

Intensive GAD67 expression is observed by progenitors in the proliferative zones in rostro-dorsal and 

ventro-caudal part of the medial telencephalic wall. These so far undescribed proliferative regions are 

a source of GABAergic neurons which accumulate in the basal telencephalon and continue to migrate 

through the marginal zone and the layer below the cortical plate (primordial subplate). Part of the 

GAD67+ migrating cells in this superficial stream originates also from the preoptic area and 

hypothalamic proliferative zone which are in continuation with GAD67+ proliferative zones of medial 

telencephalon.   

Data also showed that already during the early fetal period the majority of GABAergic cells that 

originate from the ganglionic eminence and migrate via deeper migratory stream express calretinin, 

while GAD67+ proliferative zones of the medial telencephalic wall are the main source of somatostatin 

cells that migrate via the superficial stream.  

Our results suggest that primate specific features of GABAergic neuronal development are present 

already during the early fetal period. Two main subpopulations of GABAergic cortical neurons, 

somatostatin and calretinin, have clearly distinguishable origin and migratory routes, and significant 

production of calretinin subpopulation occurs earlier than in rodents. In addition to their dorsal 

production later on, this significant early production also accounts for tremendous increase in the 

proportion of calretinin neurons in primates.  

Acknowledgments: This work was supported by the Croatian Science Foundation project No. 5943 
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Increased respiratory drive suppresses renal sympathetic nerve activity in rats exposed to 

acute intermittent hypoxia 

Madirazza K, Pecotid R, Valid M, Valid Z, Đogaš Z 

University of Split School of Medicine, Department of Neuroscience, Šoltanska 2, Split, Croatia 

Sympathetic nerve activity can be affected by respiratory activity and different patterns of 

entrainment may depend on both peripheral and central mechanisms. Exposure to intermittent 

hypoxia has been shown to evoke increased sympathetic nerve activity and enhance sympatho-

respiratory coupling, which is usually demonstrated by 1-to-1 coupling between bursts of sympathetic 

and phrenic nerve activity. We hypothesized that increased respiratory drive, caused either by 

intravenous injection of serotonin receptor agonist, 8-OH-DPAT, and/or exposure to acute 

intermittent hypoxia, will evoke changes in renal sympathetic nerve activity and affect its 

synchronization with respiratory activity. Experiments were performed on 11 urethane-anesthetized 

male Sprague-Dawley rats, weighing from 280-360 g. Animals were vagotomised, tracheotomised and 

mechanically ventilated. Both femoral arteries and veins were cannulated for continuous blood 

pressure monitoring, blood gases analysis and intravenous application of drugs and saline. Right 

phrenic nerve and left renal nerve were isolated, prepared and mounted on electrodes and the 

activity of both nerves was recorded simultaneously. In the experimental protocol, the animals were 

exposed to acute intermittent hypoxia (AIH) for 5 periods of 3 min (9% O2 in N2 mixture), separated by 

3-min recovery periods, where the animals were maintained on 50% O2 mixture. Experimental group 

of animals (n=5) received an intravenous injection of 8-OH-DPAT (100 µg/kg) and the control group 

(n=6) received a bolus of saline intravenously before exposure to AIH experimental protocol. Phrenic 

nerve activity (PNA), renal sympathetic nerve activity (RSNA) and blood pressure were analyzed from 

the recordings at 10 time points (baseline, after administration of the drug or saline, during 5 hypoxic 

episodes and at 15, 30 and 60 minutes following the last hypoxic episode). Phrenic nerve activity was 

determined using the amplitude change from baseline, renal sympathetic nerve activity using the area 

under the curve change from baseline and sympatho-respiratory coupling was analyzed using burst 

ratios. Exposure to acute intermittent hypoxia suppressed renal sympathetic nerve activity at 60 min 

after the end of exposure in animals pre-treated with 8-OH-DPAT (53.08 ± 11.17% baseline, F = 13.36, 

p = 0.02, n = 5). In addition, AIH induced depression of RSNA (39.82 ± 11.0% baseline, F = 39.1., p = 

0.015, n = 3) in control animals who exhibited phrenic long-term facilitation (pLTF) at 60 minutes 

following acute intermittent hypoxia (342.74 ± 123.71% above baseline). No significant difference in 

RSNA was found for control animals not exhibiting pLTF for the whole duration of the experiment (n = 

3). Non significant changes in blood pressure were observed throughout the experiment in all groups. 

Burst ratio of RSNA to PNA appeared to be maintained at about 1-to-1 throughout the experiment, 

indicating no changes in sympatho-respiratory coupling at any time point of the experiment. Acute 

intermittent hypoxia can lead to a decrease in renal sympathetic nerve activity, but it does not affect 

the entrainment pattern between phrenic and renal sympathetic nerve activity. 

This study was supported by HRZZ project “TIHO2_SLEEP_BREATH“ (IP-11-2013-5935). 
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Differentiation indicators of the thalamocortical system: interrelationship of the VPL area 

and somatosensory cortex 

Majid V, Junakovid A, Bosak A, Krsnik Ž, Kostovid I 

Croatian Institute for Brain Research, School of Medicine, University of Zagreb, Šalata 12, HR-10000 

Zagreb, Croatia 

Laminar, vertical and histochemical organization development of the somatosensory cortex and 

thalamocortical pathways in the human fetal brain was previously shown by our group (1,2,3). 

Tracking development and differentiation of the thalamic ventroposterolateral (VPL) area and 

somatosensory cortex can obtain reliable structural indicators of the thalamocortical system 

differentiation that can be used in the analysis of cortical lamination on MRI images. 

Here we study the prospective somatosensory cortex and thalamus in the fetal human brain using 

histological approach with special emphasis on the qualitative and quantitative developmental 

changes in VPL nucleus neuronal population. We analyzed human postmortem brains (between 7.5-34 

postconceptional weeks-PCW) processed by histological (Nissl), histochemical (Acetylcholinesterase-

AChE), and immunohistochemical (CD15) methods.  

Our results showed that differentiation of neurons in thalamus occurs in a medio-lateral gradient 

according to standard cytoarchitectonic criteria (neuronal density and arrangement, presence of Nissl 

granules, neuronal body size, nuclei visibility and amount of cytoplasm). At 7.5PCW anlage of thalamus 

consists of four embryonic zones and postmigratory thalamic neurons form a densely packed plate, so 

called thalamic plate. Between 8 and 9PCW, the major part of thalamus showed a rather homogenous 

cellular distribution on Nissl sections, but three major periventricular zones can be delineated 

(periventricular, intermediate, cell-poor lateral zone), while the lateral part of thalamus showed loose 

reticular appearance. At 9,5PCW posterior thalamus subdivisions in the VL territory with outlines of 

the lateral geniculate body are observed. Period between 10,5-15PCW is characterized by the first 

appearance of major thalamic territories. VPL territory within the ventral thalamic territory can be 

clearly delineated around 16PCW on both Nissl and AChE stained sections. Also, at this period begins 

fast differentiation of the subplate - SP. Around 22PCW, VPL territory is well delineated within the 

lateral thalamus. Interestingly, cytological differentiation of individual perikarya (polymorphic and 

spindle-shaped cells) occurs with the penetration of fibers into the CP. The period between 24-26PCW 

is characterized by rapid differentiation of cytoarchitectonic markers in the VPL territory (percentage 

of well differentiated perikarya is increased) and coincides with columnar staining of AChE-positive 

reactivity in the somatosensory cortex.  

In conclusion, our results show that cytoarhitectonic differentiation of the thalamus precedes 

differentiation of the subplate zone and provide necessary parameters for the study of 

thalamocortical relationships in both normal and damaged human fetal brains. 

References: 1.Kostovic I & Rakic P 1990 J Comp Neurol 297(3):441-70.; 2.Kostovid I, et al 1980 Neurosci Lett 5 

(Suppl): S484; 3.Krsnik Z, et al 2017 Front. Neurosci.11:233 
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opossum (Monodelphis domestica) 

Mladinid Pejatovid M, Tomljanovid  I, Petrovid A, Ban J 

Department of Biotechnology, University of Rijeka, Croatia; Department of Biotechnology, 

University of Rijeka, Croatia 

One of the major challenges of modern biology concerns the inability of the adult mammalian central 

nervous system (CNS) to regenerate and repair itself after injury. Unlike the situation in adult 

mammals, lower vertebrates, such as fish and amphibians, and embryonal higher vertebrates can 

regenerate significant portion of their CNS. It is poorly understood why this potential is lost with 

evolution and development and why it becomes very limited in adult mammals.  

A preferred model to study and reveal the cellular and molecular basis of this loss is neonatal opossum 

(Monodelphis domestica). Opossums are marsupials that are born at very immature stage with unique 

possibility to successfully regenerate spinal cord after injury in the first two weeks of their life. They 

offer an exceptional opportunity to study the mammalian CNS that still can regenerate, without a 

need of invasive intrauterine surgery of pregnant females (like necessary for other mammalian 

laboratory animals, such as mouse or rat). 

In the previous studies we have identified the genes that changes their expression at the time when 

regeneration in opossum spinal cord stops being possible. Now, we are analyzing the proteoms of the 

opossums of different age (that can and cannot regenerate spinal cord tissue after injury), looking for 

the new molecules associated with regenerative axonal growth. The activity of candidate molecules 

will be inhibited to test their functional role in neuronal regeneration using in vitro intact spinal cord 

preparation and advanced imaging. In parallel, we are preparing and analyzing the opossum primary 

spinal cell cultures made from the animals of different age, to test candidate molecules, but also to 

reveal dissimilarities in the cellular content (giving focus on stem cells) and metabolic characteristics 

related to regeneration.  

The results of the project could make substantial contribution to our understanding of neuronal 

regeneration in mammals, but also provide candidate targets for future novel therapeutic 

interventions for neurodegenerative disorders. 
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Our study focuses on characterization of dorsal root ganglion (DRG) neurons cultured on silicon micro-

pillar substrates (MPS) with the ultimate goal of designing micro-electrode arrays (MEAs) for 

successful electrophysiological recordings of DRG neurons. Adult and neonatal DRG neurons were 

cultured on MPS and glass coverslips for 7 days in vitro. DRG neuronal distribution and morphometric 

analysis, including neurite alignment and length, was performed on MPS areas with different pillar 

width and spacing. We showed that MPS provide an environment for growth of adult and neonatal 

DRG neurons as permissive as control glass surfaces. Neonatal DRG neurons were present on MPS 

areas with narrow pillar spacing, while adult neurons preferred wider pillar spacing. Compared to the 

control glass surfaces the neonatal and adult DRG neurons in regions with narrow pillar spacing range 

developed a smaller number of longer neurites. In the same area, neurites were preferentially 

oriented along three directional axes at 30°, 90° and 150°. MPS architecture influenced growth 

directionality of all main DRG neuronal subtypes. We can conclude that specific micro-pillar substrate 

topography affects the morphology of DRG neurons. This knowledge can enable development of MEAs 

with precisely defined physical features for various neuroscience applications. 
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It has been shown that total neuronal pool in the primate associative cortex contains up to 12% of  

calretinin neurons whereas in rodents their proportion does not exceed 3%. Conjointly it is unclear if 

such an increase is reflected in laminar distribution and present in entire cortex. In this study, we have 

compared phylogenetically and functionally different areas of the macaque monkey prefrontal cortex 

(Brodmann areas 24, 32 and 9). 

Stereological analysis of serially cut sections, immunohistochemically stained for the neuronal nuclear 

marker (NeuN) and calretinin (CR), revealed that calretinin neurons are mostly located (80%) in the 

upper cortical layers. Across all analysed areas, upper cortico-cortical layers have a higher proportion 

of calretinin neurons: in layer III 20%, in layer II 30% and in layer I almost 50% of neurons express 

calretinin. The increased number of calretinin neurons in the lower part of the layer I of the primate 

prefrontal cortex might be the reason for the increased cellularity (3% of total neuronal number) of 

this layer. 

Our data showed that in the primate prefrontal areas, GABAergic neurons are overrepresented in 

upper layers, implying more complex network organization and information processing. Absence of 

differences between prefrontal areas in macaque monkeys confirms that principal neocortical input 

and output cell types are a conserved feature of the dorsal telencephalon. 

Comparison of orbito-medial prefrontal cortex (Džaja et al. 2014, Society for neuroscience 446.19) 

with lower densities in dorso-medial parts suggests that during primate evolution increase in neuron 

complexity and connections precedes in dorsal areas of prefrontal cortex.  

Acknowledgments: This work was supported by the Croatian Science Foundation project No. 5943 
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self-administration paradigm 
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Drug addiction is a complex behavior and in the lab it can be studied on model animals as a simple 
endophenotype, one of which is self-administration. Several addiction-related endophenotypes have 
been shown in Drosophila melanogaster indicating that flies are good model for studying neuronal 
mechanisms of addiction. Flies will self-administer ethanol–containing food suggesting that ethanol 
has a rewarding effect on behavior. Psychostimulants cocaine (COC) and methamphetamine (METH) 
induce mechanisms of neuronal plasticity evident as locomotor sensitization, however it is not known 
if flies will voluntary administer COC or METH. Our hypothesis is that if psychostimulants have a 
rewarding effect on flies, then they will self-administer these drugs. 
To measure voluntary administration of psychostimulants in Drosophila we use the two-choice 
Capillary Feeder (CAFE) assay, where flies can choose between capillaries with drug-food or a non-
drug food.  Preference Index is calculated based on the amount of food consumed each day for several 
days. Since self-administration is type of operant conditioning, we pare a drug with a cue to measure 
the influence on the PI value. To study the effects of relapse we measure self-administration after a 
period of deprivation and we study the motivation for self-administration by combining the drug with 
an aversive, bitter tasting substance, quinine.   
We show that PI for COC is positive and increases over consecutive days, while PI for METH is initially 
significantly higher than for COC, but then decreased over consecutive days. After period of 
abstinence from COC-containing food flies rapidly return to the same or greater PI, suggesting relapse-
like effect. Psychostimulants affect motivation for drug consumption as flies overcame bitter tasting 
quinine to obtain COC. 
These results suggest that in Drosophila, as in vertebrates, COC and METH act on neuronal 
mechanisms regulating rewarding behavior and motivation for drug taking. Further research will be 
focused on screening for effects of genetic mutations in likely candidate genes, as well as yet unknown 
functional genes, which regulate rewarding behavior and psychostimulants induced neuronal 
plasticity. 
Research funded by: Sveučilišna potpora Sveučilišta u Rijeci, Istraživački projekt HRZZ br. 4920, Projekt razvoja 
karijera mladih istraživača, HRZZ 2015. Projekt Sveučilišta u Rijeci „Razvoj istraživačke infrastrukture na Kampusu 
Sveučilišta u Rijeci“ financiran je iz Europskog fonda za regionalni razvoj (EFRR).  

 

 

 

 

 

 

 

 

 

 

 

 

 



 
6th Croatian Neuroscience Congress, September 16-18, 2017, Osijek, Croatia 

 56 

 

PP16 

Automatic detection of neurons in  cortical slices 

Štajduhar A 

Croatian Institute for Brain Research, School of Medicine, University of Zagreb, Zagreb,  

Quantitative cytoarchitecture is important to understand healthy and pathological brain organization 

(Devlin, Poldrack: In praise of tedious anatomy, 2007). Neuron identification and classification enables 

researchers to gain better insight in neuron organization and distribution, small network and column 

formation and the delineation of brain area boundaries. Moreover, many neurological and psychiatric 

diseases cause changes in the number of neurons in the brain that are often subtle and can only be 

proven by quantification, which is today done manually and is a time-consuming and tedious task. 

Also, the final numbers are estimated with large errors. In this work, we use image processing 

techniques in order to automatically find neurons in histological images of human brain.   

The neurons were mainly visualized using NeuN (Neuronal Nuclei) protein, which is a nuclear protein 

derived from the RBFOX3 gene. It is a RNA-binding protein which regulates alternative splicing in 

neurons and is specifically expressed in all neurons with the exception of cerebellar Purkinje cells and 

Golgi cells, olfactory Mitral cells, retinal photoreceptors and gamma motor neurons. Images were 

digitized using Nanozoomer 2.0 (Hamamatsu, Japan) scanner, with largest magnification of 40x which 

corresponds to 0.227nm per pixel resolution. In order to overcome the issues of noise present in the 

images and detect neurons that may form complex formations of irregular shapes, we approach the 

problem using method based on partial differential equation. After setting the image as an initial 

condition in Cauchy problem, we solve the modified diffusion equation 𝑢𝑢𝑡𝑡=div(𝑓𝑓(|∇𝑢𝑢|2)∇𝑢𝑢) and 

iterate the image through a discretization scheme. This equation is known for its image smoothing 

properties but also as edge-preserving, due to the nonlinearity inside the divergence which inhibits 

the diffusion near the edges and slopes. After the image has been sufficiently smoothed, the neurons 

are detected by finding the extrema in the image gray intensity level. Thus we exploit the nature of 

dye uptake in the neurons, which is mostly concentrated in the neuron nucleus.   

In order to apply the proposed method the computer program has been developed in MATLAB 

programming language. Parameter optimization was performed on 30 images extracted from different 

histological slices containing around 1500 distinct neurons manually labeled by three experts in 

neuron cytoarchitecture. The method was tested on different dataset of 10 images totaling 660 

neurons which have been manually examined by an expert. The method has achieved high accuracy 

(96,26%) and also high sensitivity (97,38%) and precision (98,82%).   

In this work we have presented a novel use of modified diffusion process in analysis of histological 

images processing and developed an accurate model for neuron detection which is also fast and highly 

parallelizable. Given the locations of neurons one could easily include further measurements, such as 

of density of neurons, distinguish neuron populations, observation of distribution, size and shape of 

neurons and other. 
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Effects of stimulated pain responses on C57BL/6 cuprizone fed and B4galnt1-null mouse 

Tot O K, Mrđenovid S, Sapunar D, Puljak L, Heffer M, Viljetid B 

University Hospital Osijek, Department of Anaesthesiology, Resuscitation and Intensive care, Osijek;  

University Hospital Osijek, Department of Internal Medicine, Osijek; University of Split School of 

Medicine Department of Anatomy, Histology and Embryology, Split; University of J.J. Strossmayer, 

Faculty of Medicine Osijek, Osijek 

Autoimmune caused demyelination (Multiple sclerosis and Guillain-Barre syndrome) is characterized 

by multifocal inflammation, demyelination, gliosis and axonal loss. A good model for the study of 

autoimmune caused demyelination are mice fed with cuprizone. B4galnt1-null also present with 

substantial demyelination and can serve as a model for Guillain-Barre syndrome. The aim of the study 

was to investigate whether there is a difference in the response to mechanical and thermal pain 

induction between C57BL/cuprizone induced mice (CI) and B4galnt1-null mouse (KO) compared to 

wild type mice (WT). The experiments was performed on 12 WT, 12 CI and 10 KO mice aged 6 months 

and 4 WT, 3 CI and 3 KO mice to determine the effects of progression of demyelination on pain 

responses. The following tests were used: Paw withdrawal test, Hargreaves method; Hot plate test, 

modified von Frey test, Acetone Test and Writhing response test. There was a significant difference 

comparing the pain reactions to cold chemical stimulus using acetone between WT mice and CI aged 6 

months (p=0.002). Mice treated with cuprizone had significantly decreased cold stimulus response. KO 

mice aged 6 months had significantly increased visceral pain response using the Writhing response 

test compared to WT (p=0.0015) and CI mice (p=0.0157). This effect was not present in mice aged 3 

months. KO mice aged 3 months had borderline significantly longer hot plate response compared to 

WT (p=0.057). There was no significant difference comparing all three groups using the Paw 

withdrawal test, Hargreaves method and modified von Frey test. Obtained results gives better insight 

and understanding of the pathophysiology of central neuropathic pain in patients with autoimmune-

induced demyelination, which significantly changes their participation in daily life activities and quality 

of life.  

Acknowledgments: This research has been funded by Croatian Science Foundation projects IP-09-2014-2324 and 

IP-11-2013-4126. 
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Electrical stimulation of dorsal root ganglion in the context of pain: a systematic review of 

in vitro and in vivo animal model studies 

Vuka I, Vučid K, Repid T, Ferhatovid-Hamzid L, Sapunar D, Puljak L 

Laboratory for Pain Research, University of Split School of Medicine, Šoltanska 2, 21000 Split, Croatia; 

Department for Quality, Safety and Efficacy Assessment of Medicinal Products, Agency for medicinal 

products and medical devices, Ksaverska cesta 4, 10000 Zagreb, Croatia; Department for Development, 

Research and Health Technology Assessment, Agency for Quality and Accreditation in Health Care and 

Social Welfare, Planinska 13, 10000 Zagreb, Croatia 

Dorsal root ganglion (DRG) has recently emerged as an attractive target for electrical stimulation since 

primary sensory neurons and their soma in DRGs are important sites for pathophysiologic changes 

that lead to neuropathic pain. Aim of the study was to create evidence synthesis about the effects of 

electrical stimulation of DRG in the context of pain from in vitro and in vivo animal models, analyze 

methodology and quality of studies in the field and provide recommendations for optimization of 

study design, implementation and analysis of such experiments in the future. For conducting 

systematic review we searched three electronic bibliographic databases: MEDLINE, Embase and Web 

of Science up to February 1st 2017. We included in vitro and in vivo animal studies that used electrical 

stimulation of DRG in the context of pain. Quality of included studies was assessed with SYRCLE risk of 

bias tool designed for animal studies. Study was registered in the CAMARADES database.  

We included six in vitro animal cells studies and eight in vivo animal studies. All included in vitro 

studies combined neurostimulation with some substances or drugs and all of them reported 

improvement in pain-related parameters due to neurostimulation. Among in vivo studies, six used 

pulsed radiofrequency (PRF), while two used electrical field stimulation (EFS). Five different animal 

models were used in those 8 studies. All in vivo studies reported improvement in pain-related 

behavior following PRF or EFS application at the level of DRG. Meta-analysis was not possible because 

of heterogeneity and missing data. Quality of included studies were suboptimal since all had unclear 

risk of bias on multiple domains. Limited data from in vitro and in vivo animal studies indicate that 

electrical stimulation of DRG has positive therapeutic effect in the context of pain-related outcomes. 

Further studies with a standardized methodological approach and outcomes will provide useful 

information about electrical stimulation of DRG in animal models. 
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Histological properties of sagittal axonal strata in developing fetal human brain 

Žunid I, Kostovid I 

Croatian Institute for Brain Research, School of Medicine, University of Zagreb 

The growth and establishment of projection trajectories and termination of  long-range cortical axonal 

pathways mainly occur during prenatal-neonatal period, representing crucial neurogenetic events in 

the human brain.  This period consists of sequential growth of thalamocortical, commissural and 

associative pathways within transient laminar compartments of developing cerebral wall. In late fetus, 

geometry and topoghraphy of white matter is defined through five segments, according to Von 

Monakow, giving us  opportunity for better understanding of the selective vulnerability of different 

classes of axonal pathways within cerebral compartments (Kostovic et al., Front Neurol, 2014). Sagittal 

strata (SS), placed in second segment of white matter, are cortico-subcortical and cortico-cortical fiber 

pathways, showing complex stratified arrangement. Our aim is to analyze spatio-temporal 

characteristics of sagittally running fibers  in SS and their relationship with different cellular and 

histogenetic events  of the developing cerebral wall of the fetal human brain.  

20 postmortem brains from Zagreb Neuroembryological Collection, age ranging from 9 to 36 

postconceptional weeks (PCW), were stained for different cellular, fibrillar and proliferative markers.  

The earliest appearance of sagittal strata (SS) occurs between 10.5-12 PCW, when it is possible for the 

first time to visualize division of sagittally running fibers into one deep internal stratum stratum (ISS) 

and one superficial external sagittal stratum (ESS), corresponding to external capsule. The ISS may be 

followed to internal capsule and thalamus and ESS may be followed to basal forebrain. During 

subplate formation stage (13-15 PCW), fibers of both ESS and ISS, enter to deep portion of cortical 

plate (CP) and contribute to the formation of subplate. During midgestation (16-22PCW), thalamic 

fibers situated in ISS, and basal forebrain fibers situated in ESS, grow in tangential direction towards 

frontal and occipital pole. SS participate in  local architecture of dispersion of proliferative cells in 

subventricular zone and migratory waves of cells, which leads to complex multilaminar structure.  First 

signs of developing associative fiber system appear as narrow AchE negative stained band external to 

ESS.  From 22 to 36 PCW, sagittally running fibers, originating from thalamus and basal forebrain, 

accumulate beyond CP and gradually penetrate CP. Distribution of proliferative and glial markers, 

together with migratory neurons, confirms that SS alternate with cell rich bands of the outer 

subventricular zone. Approaching to newborn period, all types of fiber system are already present in 

SS and pericalcarine cortex shows precautious myelination.  

Sagittally running fiber system of long range pathways shows continuity from early fetal to newborn 

period. During fetal growth, medially running sagittal fibers grow through outer subventricular zone 

and separate this zone into several proliferative laminas. Fibers of ESS compose fetal intermediate 

zone and contain both projection fibers, from basal forebrain and thalamus, and associative fibers of 

inferior fronto-occipital fascicle. It is our proposal that precise stratified arrangement of sagittal fibers 

and associated proliferative cell layers may serve as reliable indicator of white matter integrity, and 

also as normative data for studying perinatal hypoxic-ischemic lesions of preterm infants.  

Supported by CSF:IK-4517 
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Magnetic resonance imaging versus ultrasound in brain imaging of preterm infants 
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The aim of this study was to compare neonatal cranial US with MRI findings at term age in infants born 

preterm.  

Preterm infants GA <32 weeks who were admitted to the NICU at University Hospital Centre Zagreb, 

between January 1, 2016 and April 30, 2017, and underwent MRI examination at term age were 

included in the study. The cranial US scans performed before and closest to the date of the MRI 

examination were retrospectively analysed and compared to MRI findings. Cranial US findings were 

classified into three groups: normal (no or minor abnormalities, i.e. germinal layer/plexus cysts, 

subependimal pseudocysts), mildly abnormal (IVH grade I/II, PVL I, ventricular dilatation (VD) as a 

single feature), and severely abnormal (IVH grade III/IV, cystic PVL >I, thalamic/basal ganglia lesion). 

MRI findings were also classified into: normal (no abnormalities), mildly abnormal (mild gliosis, mild 

VD, corpus callosum thinning, or a combination of these), and severely abnormal group (extensive 

gliosis/PVL, gliosis with marked VD, thalamic/basal ganglia lesions, and cerebellar or cortical 

haemorrhage and/or atrophy).  

The study included 35 premature infants. The mean GA was 29.1(±2.5) weeks and the mean BW 1229 

“(±470) g. 56% were male and 44% female. Mean corrected GA at US and MRI were 35.6 (±2.7) and 

41.6 (±2.9) weeks respectively. Abnormal MRI was seen in 22 (63%) infants [mildly abnormal in 6 

(17%), and severely abnormal in 16 (46%)], while abnormal US was seen in 33 (94%) infants [mildly 

abnormal in 21 (60%) and severely abnormal in 12 (34%)] (P<0.003). In 22 (63%) infants both imaging 

techniques demonstrated abnormal findings, and only 2 infants (6%) had normal findings on both 

methods. Overall, there was poor correlation between US and MRI, especially between mildly 

abnormal US and MRI groups (28.6%). However, two-thirds of those with major lesions on US had 

major lesions on MRI and there were no lesion on MRI in two infants with normal US. US 

underestimated the posterior fossa abnormalities shown in 3% and on MRI in 26% of neonates 

(P=0.01) and overestimated intraventricular hemorrhage detected on US in 91% and on MRI in 31% of 

neonates (P=0.0001). There was a good correlation between methods considering PVL, increase of the 

size of subarachnoidal space, VD, and basal ganglia abnormalities. 

MRI is a superior brain imaging method because it offers more complete visualization of brain lesions 

in preterm neonates and is more informative in regard to diagnosis. However, brain ultrasound should 

remain a standardized routine screening method for newborns at risk for longterm 

neurodevelopmental impairments. 
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Ovarian dermoid cysts (teratoma) are benign tumors in women with appearence in their reproductive 

years.Therapeutic approach is surgical removal of the cyst. Authors  investigated whether there are 

similar psychological states of the patients with ovarian dermoid cysts as well as to see if there was 

any autoimmune background in those patients. 

During the hospitalisation at the University Department of Gynecology and Obstetrics four of the 

patients with ovarian dermoid cyst were examined by psychiatrist, and tested with Hamilton 

Depression Rating Scale, Hamilton Anxiety Rating Scale, Brief Psychiatric Rating Scale and Big Five 

Inventory – short form.  

Also,  patients serum was tested  for titers of anti-NMDA antibodiess using  Western blot analysis and 

immunohistochemistry.  

All  four patients were in their reproductive years, all of them finished higher education. According to 

the Brief Psychiatric Rating Scale there were no psychotic symptoms in any of the patients. Results on 

the Big Five Inventory – short form test  showed higher scores of neuroticism and emotional instability 

in all of them. Scores on the Hamilton Depression Rating Scale was in three of the patients in the range 

for mild depression, and all of them had moderate severity score on Hamilton Anxiety Rating Scale. 

Also, anti-NMDA antibodies were found in two out of four of patients. 

As we can see from our case reports certain psychological states such as emotional instability and 

sensitivity  occurs in patients with ovarian dermoid cyst as well as presence of the anti-NMDA 

antibodies. It is important for those patients with diagnosed ovarian dermoid cyst to surgicaly remove 

the cyst in order to prevent appearence of the more serious psychiatric symptoms and possible anti-

NMDA receptor encephalitis.Future studies are needed in this field. 
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Aicardi-Goutières syndrome type 1 in the differential diagnosis of congenital TORCH 
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Aicardi-Goutières syndrome (AGS) is a genetically and phenotypically heterogeneous encephalopathy. 

In its most severe form is characterized by cerebral atrophy, leukodystrophy, intracranial calcifications, 

chronic cerebrospinal fluid (CSF) lymphocytosis, increased CSF alpha-interferon, and negative serologic 

tests for common prenatal infections. AGS is phenotypically similar to in utero viral infections 

(intermittent fever, thrombocytopenia, hepatosplenomegaly, elevated hepatic transaminases) so it is 

also named pseudo TORCH syndrome. Severe neurologic dysfunction becomes clinically apparent in 

infancy, and manifests as progressive microcephaly, spasticity, dystonic posturing, profound 

psychomotor retardation, and, often, death in early childhood. The most severe neonatal form of 

AGS1 is typically due to a mutation in the TREX1 gene on chromosome 3p21. It is inherited autosomal-

recessively. 

The aim of this study is to show the clinical features of rare progressive encephalopathy in a 15-

month-old girl with focus on early disease characteristics and the possibilities for diagnosis and 

treatment. 

We report the case of a 15-month-old girl, who was born from her mother's third, regular pregnancy, 

with spontaneous delivery at term, amniotic fluid meconium, Apgar 10/10. After child‘s birth, 

petechiae of the abdomen and thrombocytopenia were noticed. Due to difficulties in adaptation 

(tremor, groaning) neuroimaging (ultrasound/MRI) was also conducted. Reduced gyration, numerous 

basal ganglia and periventricular calcification, reduced volume of periventricular white matter, 

enlarged ventricle, gracile corpus callosum, hypoplasia of the cerebellum were found.  Fundus oculi 

was normal. Lymphocytosis was found by cerebrospinal fluid analysis. Serological testing excluded 

TORCH infection, and rare metabolic diseases with progressive encephalopathy were excluded by 

metabolic tests. Although classic convulsions were never observed, interictal EEG was focally altered. 

Further treatment included a genetic analysis in an international center which showed that the girl 

was a compound heterozygote for a TREX1 gene mutation on 3p21 (father and daughter were wearing 

novel mutation c.197T>G; mother and daughter carry the mutation c.506G>A /p.Arg169His/ which 

was previously known and associated with AGS). 

The therapeutic approach is symptomatic: it includes development support, antiepileptic drugs as 

needed, regular ophthalmological control, because of possible development of glaucoma, 

endocrinologist control for possible development of hypothyroidism and insulin-dependent diabetes. 

The intention of this presentation is to point out at this rare form of inherited encephalopathy that 

affects newborns and infants and usually results in severe mental and motor retardation, and to 

emphasize its importance in the differential diagnosis of congenital TORCH infections. 
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Sustainable choline and N-acetyl aspartate levels at the beginning of recovery phase are 

predictors of survival without depressive episode recurrence under maintenance therapy – 

a proton magnetic resonance spectroscopy study 
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About 35% of depressed patients are experiencing a recurrent form of depressive disorder. After three 

episodes, the risk of recurrence approaches 100% in the absence of maintenance treatment.  Brain 

metabolites quantifiable by proton magnetic resonance spectroscopy (1H-MRS) include N-acetyl 

aspartate (NAA), considered a putative marker of neuronal integrity and functionality, and choline 

(Cho), considered as a marker of cellular membrane turnover. 

The aim of this study was to identify 1H-MRS predictors of time to the subsequent depressive episode 

in patients suffering from the recurrent depressive disorder, who were on maintenance therapy. 

Changes in NAA, Cho and glutamate-glutamine (Glx) were analysed in 48 patients with recurrent 

depression who underwent maintenance therapy by the judgment of psychiatrist and who continued 

with the same monotherapy antidepressant treatment during the maintenance period. 1H-MRS 

evaluations were performed at the start of the recovery phase and 6 months later. 1-H MRS 

parameters, together with descriptors of index episode and the course of depressive disorder were 

analysed by multiple linear regression model. Predictors were selected by inspection of standardised 

regression coefficients, as well as of coefficients of partial and semi-partial correlations and 

collinearity statistics. Forward stepwise model of multiple regression was performed for additional 

verification of input variables predictive properties. 

All three metabolites of primary interest shown a rise over the first 6 months of the recovery period. 

NAA/Cr has risen by in average by 0.037 (95% CI: -0.0314; 0.1063), Cho/Cr by  0.0603 (0.0280; 0.0925), 

and Glx/Cr by 0.014 (-0.0553; 0.0833), whereas only Cho/Cr rise was nominally significant (p<0.001). 

MADRS score at baseline was significantly correlated (r=0.96) with MADRS improvement to the 

beginning of the recovery phase, so only the latter was kept in the regression model. In the prediction 

of the time of the recurrent episode, review of standardised regression coefficients indicated high 

contributions only of NAA/Cr and Cho/Cr, and of the time to remission. All three predictors appeared 

as statistically significant, with positive coefficient values. Changes in NAA/Cr and Cho/Cr were not 

related to the severity of symptoms. 

Levels of NAA and Cho, as well as time to remission,  are significant predictors of a time span to the 

recurrent episode in patients who started to receive maintenance therapy for their recurrent 

depressive disorder. Sustainable NAA and Cho levels at the beginning of the recovery phase may 

indicate increased brain resilience gained with antidepressant medication. Overall exposure to 

antidepressant therapy preceding the recovery phase appeared as the parameter modifying the time 

survived without a subsequent episode.  

Funding: This work has been fully supported by the Croatian Science Foundation project, number IP-09-2014-

2979.  
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Topics of this poster presentation are number, type, duration and indications for hospital admissions 

in the population of Croatian veterans from the Homeland war. Unlike previously published results, in 

the current work we focus on hospital admissions with ICD-10 codes of Fxx (Mental and behavioural 

disorders) and Gxx (Diseases of the nervous system). The proportion of war veterans in Croatian 

population is significant with approximately 10% of the population currently residing in the country (of 

the initial number of 501.703 persons with veteran status). More than 20 years after the end of the 

war, mean age in the studied population has surpassed 55 years. Based on this fact alone, together 

with the relatively significant proportion of war veterans in Croatian population, hospital admissions 

of this cohort become an interesting public health issue. Through the cooperation of four involved 

institutions – School of Medicine, University of Zagreb; School of Public Health “Andrija Štampar”; 

Croatian Institute of Public Health and Ministry of Croatian Veterans, we gathered and analysed data 

about more than 650.000 individual hospital admissions in population of Homeland veterans. 

Methodologically, two major problems were encountered. The first was the issue of correct 

identification of the subjects, complicated by Croatian administration’s transition from one type of 

unique identifier (JMBG; unique main citizen’s number) to another (OIB; VAT number). The second 

was the change in the definition of hospital admission in the 2008-2010 periods. Namely, one-day 

admissions or so-called “day hospital admissions” were introduced in this statistic only after 2009. 

Both of these issues complicate interpretation and direct comparison of pre- to post-2009 results.  

As one might expected, the number of admissions per year increased steadily over the studied period. 

The highest proportion of admissions was seen in the Zagreb metropolitan area, followed by Split-

Dalmatia and Osijek-Baranja counties. By indication for admission, the most common were mental and 

behavioural disorders (23,73%), followed by diseases of the genitourinary system (13,54%), neoplasms 

(12,17%), diseases of the circulatory system (9,40%) and injury, poisoning and certain other 

consequences of external causes (8,90%).  

By the number of hospital admissions for the ICD-10 categories which are the focus of the current 

work (Fxx and Gxx classes), the most common indications were as follows.  

In the F class: F43 (Reaction to severe stress, and adjustment disorders; including F431 Post-traumatic 

stress disorder) – 39,42%, F102 (Dependence syndrome) – 13,98%, F620 (Enduring personality change 

after catastrophic experience) – 9,19%, F100 (Acute intoxication) – 3,74%, F200 (Paranoid 

schizophrenia) – 3,15%, F332 (Recurrent depressive disorder, current episode severe without 

psychotic symptoms) – 2,37%. 

In the G class: G35 (Multiple sclerosis) – 9,54%, G40 (Epilepsy) – 9,29%, G560 (Carpal tunnel 

syndrome) – 6,96%, G45 (Transient cerebral ischaemic attacks and related syndromes, including G450 

Vertebro-basilar artery syndrome, including G459 Transient cerebral ischaemic attack, unspecified) – 

13,99%, G473 (Sleep apnoea) – 5,14%, G44 (Other headache syndromes) – 2,23%. 

All demographic parameters of the studied population including sex and age differ significantly to the 

general population. Any interpretation of the results should therefore be based on the range of 

standardization methods. Detailed analysis of both current results and (proposed) trends is laid out in 

the final poster, with conclusions of potentially far-reaching significance for public health system.  
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Throughout the progression of Alzheimer’s dementia (AD), beside the core cognitive deterioration, 

two major AD characteristics are neuropsychiatric (NP) symptoms and functional impairment in daily 

activities.  

Regarding our practice experience, NP symptoms are presenting one of the main reason for 

institutionalization of the patients with AD, and may cause suffer in patients and their family 

caregivers.  

Furthermore, AD patients commonly present dependency and/or disability in everyday activities, that 

may also cause a set of negative influences on caregivers' emotional and physical condition. 

The aim of this study was to investigate, whether there is a connection between the everyday 

functional ability and NP symptoms of patients, in particular whether there is any connection between 

overall functional ability with any specific NP subdomain. Furthermore, this study investigated for 

possible connection between patients’ everyday functioning and Caregivers Distress. 

Cross-sectional study, conducted at the Department for biological psychiatry and psychogeriatry; 

Department for neurocognitive disorders, University Psychiatric hospital Vrapče, included 32 

hospitalized patients with AD and their family caregivers. Participants were recruited between 

November 2016 and June 2017. Neuropsychiatric Inventory 12-item (NPI-12) scale was used to 

measure NP symptoms, and ADCS-Activities of Daily Living Inventory (ADCS-ADL) to measure the 

everyday functional ability. Mini Mental State Examination (MMSE) was also assessed.  Psychiatrists 

were certified for the assessment of used clinician-rated scales. The primary outcome was NPI-12 

score of patients (in total and for each subdomain of NPI-12), and the secondary outcome was NPI-12 

Caregiver Distress score. Descriptive statistics and Kendall's tau correlation test were performed.  

21 (66%) of the patients had moderate severity of dementia scores on MMSE scale, 22 (68%) of the 

patients were women, average age 75 (SD=7.32) years, and 15 (46%) of them finished high school. 

Among family caregivers, 27 (84.3%) were women, average age 51 (SD= 8.46) years.  

There was no significant difference between mild and moderate severity of dementia groups in any 

NPI-12 subdomain (Mann-Whitney U test, P>0.194), as well as there was no correlation between 

ADCS-ADL total score with the intensity of any specific NPI-12 subdomain (P>0.228). Overall, 

correlation tendency was found between ADCS-ADL and NPI-12 total scores (τ=0.272, P=0.060). 

While comparing ADCS-ADL total score of patients with NPI-12 Distress Caregiver total score, there 

was correlation tendency found (τ=0.266, P=0.061). The most prevalent and also the most intense NP 

symptoms were agitation, anxiety, irritability and disinhibition (81%-100%). The frequency list of NP 

Distress Caregiver symptoms followed the same symptoms (81%-94%).  

The results from our pilot study are indicating promising correlation between patients ADCS-ADL and 

NPI-12 scores, as well as correlation with NPI-12 Caregiver Distress score. Due to the small sample 

size, we were not able to identify possible connection between ADCS-ADL score and particular NPI-12 

subdomains.   

Therefore, focusing on the management of specific NP symptoms and functional impairment might be 

a possible treatment strategy for improving the quality of life both, AD patients and caregivers (with 

the decrease of healthcare service usage), which has to be confirmed on large scale study.  
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One of the most common human brain malformation, agenesis of the corpus callosum (ACC), occurs 

either in isolated form or associated with other brain anomalies. Since ACC can modify brain 

morphology, we aimed to determine which consequences this congenital defect has on prenatal 

development of the human hippocampus.  

We analyzed 81 in utero fetal brain MRI scans ranging between 20 gestational weeks (GW) to 38 GW, 

which were divided into three groups; control group (49 cases), 15 cases with isolated ACC and 17 

cases with ACC associated with other brain anomalies. Segmentation of both hippocampi was 

performed manually and values of intracranial volume (ICV) were obtained from automated 

segmentations on a 3D reconstructed MRI from a set of 2D axial, coronal and sagittal T2-weighted 

images. Obtained data were statistically analyzed and presented as a nonlinear regression model for 

each of three groups and for both hemispheres.  

Volumes of both hippocampi in all three groups display similar values as well as the same slope of 

growth curve in first phase of the analyzed period. Moreover, after 25th GW there was a significant 

decrease in hippocampal volume in ACC associated group compared to controls (left: p = 0.029; right: 

p = 0.020), and this difference was pronounced even more in later developmental period. Absolute 

hippocampal volumes in isolated ACC group start to differ significantly after 28th GW, first for the left 

hippocampus (p = 0.007), and after 29th GW for the right hippocampus (p = 0.024) and this difference 

was more pronounced after 30th GW. In analyzed period, ICVs of control and isolated ACC groups do 

not significantly differ, while ICVs of ACC associated group showed significantly smaller growth.  

Our findings indicate that callosal absence notably interferes with the normal process of the 

hippocampal development during prenatal period in both analyzed groups with ACC, suggesting that 

this restricted hippocampal growth could affect learning and memory functions in later life of these 

infants. 
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Neurofeedback training in the treatment of cognitive and behavioral impairments of 

Attention deficit Hyperactivity disorder (ADHD) 

Kovač D, Golubid S 

Praedicta d.o.o., Zadar, Croatia 

The purpose of this article is to present the possibilities of neurofeedback training in ADHD treatment 

of a boy with eight years of age. Throughout clinical psych diagnostics, it has been found that the 

intellectual abilities are within the borderline status (WISC-IV-HR) and the presence of numerous 

symptoms of ADHD syndrome (ADHDT test) has been identified. 

Neuropsychological aspects of ADHD emphasize dysfunctional inhibition system and refusal to delay 

(Mesulam, 2000). Inhibition deficits, such as executive function disorders, and time management 

deficits, such as work memory disorders and partial executive functions impairments, both decrease 

and affect to poorer cognitive and behavioral regulation, which is directly manifested within ADHD 

symptoms. Cognitive deregulation affects the quality of processing and involvement in the task 

(Salkičevid and Tadinac, 2017). 

Neurofeedback training can lead to improved self-regulation control by increasing or decreasing the 

excitability of the cerebral cortex. The psychologist conducted a neurofeedback protocol with 

Othmer's Infra-Low Frequency training (less than 0.01Hz) to induce self-regulation and reduce 

cognitive and behavioral symptoms of ADHD. Theoretical assumptions of the achieved effects relate 

on the involvement of the Default Mode Networks (Resting State Networks) in both, cognitive 

processes, and the organization of cognitive system. 

Accordingly, after 60 neurofeedback trainings with Othmer's ILF frequency method, a significant 

improvement on the Wechsler's Intelligence Test for Children was noted. Furthermore, after 

neurofeedback training, it has been measured a reduction in symptoms of hyperactivity, 

impulsiveness and inattention, as well as the reduction in total ADHD quotient measured by the ADHD 

test. 

Finally, the article presents neurofeedback training as, an effective approach to ADHD treatment. Also, 

cognitive rehabilitation procedures as interventions in reducing specific inhibition deficits, in general, 

executive functions. More specifically, the contribution of neurofeedback training in the reduction of 

ADHD symptoms, as well as the improvement of behavioral and cognitive regulation. To conclude, 

self-regulatory patterns have been improved in the behavior. 
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Volumetric and DTI analysis of corticopontine system in the human preterm infants 

Raguž M, Vukšid M, Radoš M, Kostovid I 

Department of Neurosurgery, University Hospital Dubrava, Zagreb; Croatian Institute for Brain 

Research, School of Medicine University of Zagreb, Croatia 

Perinatal hypoxic-ischemic encephalopathy (HIE) is a major cause of white matter injury and long-term 

neurological deficits in children. Motor corticospinal as well as corticopontine pathways are frequent 

targets of injury since they pass through vulnerable periventricular space and crossroads. In this study 

we analyzed cerebral volumes and DTI parameters of corticopontine pathways as indicator of white 

matter injury and compared with recipient areas in pons and cerebellum in order to find possible 

selective vulnerability of corticopontine system.  

Study involved 10 normal term infants, 10 normotypic premature infants without lesions and 10 

premature infants who have lesions associated with perinatal HIE. All groups were scanned by MRI 

device twice, first at the corrected term age and second at the age of two years. All volumes were 

measured on 3T MR images utilizing semi-automated (MNI toolbox) and manual segmentation 

methods (Analyze 8.1). Corticopontine pathways were reconstructed and all parameters have been 

measured using Diffusion Toolkit and TrackVis software. Statistical analysis was done using MedCalc 

software (v 4.1, USA). 

Unlike linear growth observed in normal group, normotypic group showed decreased volume of pons 

and cerebellum at term age, which compensate till the age of 2 years. Group with HIE lesions shows 

volume reduction during both scanning. Parametars measured during DTI analysis (fractional 

anisotropy and apparent diffusion coefficient) showed similar patern in observed groups. 

It seems that both origin and trajectory - termination areas of the motor pathways are reduced in HIE. 

We didn’t find evidence for selective vulnerability of corticopontine pathways, but we have found that 

they are regularly damaged in HIE brain as a part of general white matter pathology. Our finding is in 

the agreement with hypothesis that periventricular crossroads and periventricular fiber system are 

vulnerable in HIE.  

Supported by Croatian Science Foundation project Nr. 7379, and Croatian Science Foundation project Nr. IP-2014-

09-4517  
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Amygdala volume in schizoaffective disorder 

Radonid E, Henigsberg N, Radoš M, Kalember P, Folnegovid-Šmalc V 

Polyclinic Neuron, Croatian Institute for Brain Research, School of Medicine, University of Zagreb, 

Croatia, Psychiatric Hospital Vrapče, Zagreb, Croatia 

In studies of the neurobiological basis of psychotic disorders, structures of the anterior temporal lobe 

are of particular interest. Among other functions, hippocampus has been associated with working and 

verbal memory, formal thinking and volition while amygdala were associated with the induction of 

mood changes. Even though it shares clinical features of both most frequent types of psychotic 

disorders – schizophrenia and bipolar disorder - schizoaffective disorder is rarely studied separately 

and is often included as part of one or the other patient group. Albeit on a small number of patients, 

findings of this author group confirm that schizoaffective and schizophrenia patient groups share 

hippocampal volume reduction, whereas there was no reduction in bipolar patient group. In bipolar 

patient group other researchers have often found increased amygdala volumes bilaterally and 

increased left amygdala activity on functional imaging; and none of these findings were present in 

schizophrenia patient groups. The aim of the study was to compare amygdala volumes in 

schizoaffective disorder patient group to schizophrenia and bipolar patient group. Amygdala volumes 

were measured using 2T magnetic resonance imaging in 60 subjects, 15 subjects in each patient and in 

one healthy subjects’ group.  

Left amygdala volume is statistically significantly enlarged in bipolar and schizoaffective patient group, 

compared to schizophrenia patient and healthy control group. There is no statistically significant 

difference in right amygdala volumes.  

Studies on a larger number of patients are needed to compare frequent neurobiological findings in 

schizophrenia, schizoaffective and bipolar disorder. Even though these psychotic disorders share many 

clinical features, their clinical differences may be substantiated by differences in structural 

neurobiological findings. In further studies these patient groups should be analyzed separately.    
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Distribution of demyelinating lesions within the cerebral white matter segments 

measured by the magnetic resonance 

Stančid Rokotov S, Kostovid I, Radoš M 

University Hospital "Sveti Duh", Zagreb, Croatia; Croatian Institute for Brain Research, Zagreb, Croatia; 

School of Medicine, University of Zagreb, Croatian Institute for Brain Research, Zagreb, Croatia 

Demyelinating lesions located in the cerebral white matter of multiple sclerosis (MS) patients are 

represented with different clinical manifestations depending on the type of damaged axons 

(commissural, projection, association fibers). It is a well-known clinical phenomenon that sometimes 

numerous and voluminous demyelinating lesions induce discrete clinical findings, while in other cases 

discrete lesions might cause severe clinical deficits. This study was based on the hypothesis that 

correlation between the neuroradiological and clinical findings could be better understood after 

detailed analysis of the distribution of demyelination within the white matter segments (I-V, according 

to Von Monakow segmentation).The goal of this pilot study was to test if magnetic resonance (MR) 

brain scans were suitable for localisation and volumetric analysis of demyelinating lesions across white 

matter segments. Standardised brain MR imaging for the demyelinating disease was done in five 

patients with multiple sclerosis. Manual segmentation and volumetric analysis of lesions were 

conducted using ITK-SNAP 3.2 software. All supratentorial lesions were assigned within one of the five 

segments of the white matter according to their topographical distribution. Our analysis has shown 

that supratentorial demyelinating lesions visible on MR slices can be located within the white matter 

segments with high precision. Also, it is possible to calculate the volume of individual lesions and to 

assess their distribution within the segments of white matter. Our pilot study has shown that the 

positioning of demyelinating lesions can be precisely localised within segments of white matter on MR 

scans. We believe that this approach is promising for the better correlation of neuroradiological and 

clinical findings in patients with MS. 
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Synesthesia and Reading – a problem? 

Alfirev Njegovan M, Ivasovid V, Alfirev S 

“Logoskalos”, Kamaufova, Zagreb; ETTA, Zagreb; LMU, Munich, Germany 

Synesthesia is a neurological condition in which a sensory experience in one sensory modality induces 

a percept in another sensory modality. 

When a form, be it letter or digit, induces a color sense we talk about grapheme-color synesthesia. 

This condition is acquired in early childhood and matures in time into fixed, consistent associations. 

Synesthtetes of 6 to 7 years of age have 34% of letters and/or digits fixed, meaning that a certain form 

becomes permanently associated with a certain color, and by the age of 10 to 11, 71% of the letters or 

digits are fixed (Simner, 2013). 

This synesthetic color is not experienced in the same way by each synesthet. “Projectors” see 

the external grapheme or digit in color, while “associators” report internally evoked associations. 

Some graphem-color synesthetes can perceive the synesthetic color within the same modality and 

some are overlapping with other modalities and can for an example perceive the color when the letter 

is heard. 

Graphem-color synesthesia is the consequence of neural responses in the left intraparietal cortex. The 

areas AIP and CIP may constitute a key neural mechanism for the binding of the alphanumeric form 

and the synesthetic color (Mattingley et all, 2001), because AIP and CIP represent areas where cross 

modal processing may take place (Grefkes et all, 2002). Synesthesthetes mostly claim 

that synesthesia makes learning easier for them. How does synesthesia affect reading speed? In many 

picture-books the text is followed by illustrations. Often the text is even printed over the illustrations. 

Does a colored background make reading difficult for graphem-color synesthetes? 

In this paper synesthet participants named the synesthet color that was induced by a certain 

grapheme or digit. According to the data every participant was given an individual set of words printed 

out on five differently colored backgrounds. The sets of words on each background were different to 

avoid learning interference but equalized in length and complexity according to the Furlan’s one 

minute reading test. Each of the five participants was presented with two individualized tasks. In the 

first task the background color did not interfere with the synesthetic color of the synesthet, and in the 

second task the background color interfered with the synesthetic color of the tested synesthet. 

How does this condition affect children when they are acquiring reading skills? Is the acquiring of 

reading skills fostered or repressed by grapheme-color synesthesia? Should the teachers consider this 

extraordinary condition in children with reading difficulties? How should books for reading acquisition 

be designed to minimize the interference of the background in easy reading textbooks? The main 

purpose of this paper is to help teachers, parents and pupils benefit from results 

of neuroscientific research by better understanding both this unique condition and ways to acquire 

first literacy skills easier. 
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Analysis of soldiers' cognitive performance during Stroop test: An fMRI study 

Kesedžid I 

Faculty of Electrical Engineering and Computing, University of Zagreb; Croatian Institute for Brain 

Research, School of Medicine, University of Zagreb   

Magnetic resonance imaging (MRI) is an important tool in modern medicine, and functional magnetic 

resonance imaging (fMRI) is widely used for brain mapping and understanding cognitive behaviour in 

humans. As part of a larger study, 13 male candidates for Croatian military Special Forces (mean age  

std = 25.77  3.27) were undertaken through a complex paradigm in the MRI scanner (Siemens Prisma 

3T, 64-channel head coil) in order to find correlation between their brain activity and resilience to 

stress. The key structure for emotional response, and subsequently in resilience to stress, is amygdala. 

Beside amygdala, other structures, such as orbitofrontal cortex, medial prefrontal cortex, parietal 

cortex, etc. are involved in processing, control and inhibition of emotional (stress) response.  

One of the tasks in the paradigm was the colour-word matching Stroop test which measures 

inhibition, attention, and processing speed. Stroop test had a controlled block-design and included 

three blocks with no tasks and three blocks with tasks, where each block lasted for 30 seconds. 

Correlation between the blood-oxygen-level-dependent (BOLD) fMRI signal in the amygdala and 

reaction time of the Stroop test task was analysed. Image processing was done using the FMRIB 

Software Library, while the correlation was computed using Matlab R2016a.  

Mean levels of BOLD signal in amygdala are higher in blocks with tasks than in blocks with no tasks. 

Differences in mean values of BOLD signal from two consecutive blocks were correlated with 

participants’ reaction time. The reaction time highly correlates with differences in mean values of the 

first two blocks of the test with the incorrect answers removed from the analysis (5.51 % incorrect 

answers). The correlation is higher when comparing right amygdala (0.90) with reaction time, than 

when comparing left amygdala (0.62).   

The results indicate that participants who have higher differences in mean values of signal in amygdala 

experienced greater stress and took longer to respond to the test, which can be useful for resilience 

prediction. Also, higher levels of BOLD signal are found in left amygdala than in right, which is, based 

on previous studies, a characteristic of resilient people.   
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Glucose dysregulation in obesity: studies in rats with constitutionally 

altered serotonin homeostasis 

Bakovid P, Štefulj J, Kesid M, Čičin - Šain L 

Ruđer Boškovid Institute, Zagreb, Croatia  

Obesity is a major worldwide problem today. It is defined as an abnormal or excessive fat 

accumulation that presents a risk to health. Obesity is commonly associated with disturbed glucose 

metabolism, a condition implicated in the pathogenesis of chronic illnesses such as type II diabetes 

and Alzheimer's disease. Molecular mechanisms of glucose dysregulation in obesity are yet poorly 

understood. The Wistar-Zagreb 5HT rat is an animal model developed by the use of selective breeding 

toward extremes of platelet serotonin (5HT) parameters. Animals from high-5HT and low5HT subline 

of the WZ-5HT rat model have constitutionally upregulated and downregulated, respectively, 5HT 

activity. In addition, high-5HT rats exhibit a lifelong increased body weight and elevated adiposity as 

compared to low-5HT animals. Here we explored glucose tolerance status in animals from the WZ-5HT 

sublines. In order to shed some light on the molecular pathways underlying the observed metabolic 

differences between high-5HT and low-5HT animals, we further analysed them for the hypothalamic 

expression of the three selected insulin signalling associated genes. Glucose homeostasis was assessed 

by performing glucose tolerance test (GTT) using tail incision method. Reverse transcription - 

quantitative polymerase chain reaction (RT-qPCR) based on SyberGreen technology was used to assess 

hypothalamic expression of the insulin receptor (Insr), insulin substrate 1 (Irs1) and 2 (Irs2) genes. Rats 

from the high-5HT subline demonstrated significantly higher baseline (fasting) glucose levels as well as 

increased glucose levels at all time points following i.p. glucose administration, as compared to 

animals from the low-5HT subline. No significant differences between the sublines were observed in 

the hypothalamic expression of Insr, Irs1 and Irs2 genes. Our results obtained on an original rodent 

model indicate a link between endogenous 5HT tone, obesity and disturbances in glucose metabolism. 

Further studies are needed to clarify molecular pathways underlying the observed metabolic 

differences between the WZ-5HT sublines.  
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Influence of stress and aging on lipid rafts in rat cerebellum and hippocampus 

Balog M, Ivid V, Bardak A, Labak I, Zjalid M, Szűcs K, Gaspar R, Vari S G, Heffer M 

Department of Medical biology and genetics, Faculty of Medicine Osijek, J. J. Strossmayer University of 

Osijek; Department of Biology, J. J. Strossmayer University of Osijek; Department of 

Pharmacodynamics and Biopharmacy, Faculty of Pharmacy, University of Szeged; International 

Research and Innovation Management Program, Cedars-Sinai Medical Center, Los Angeles, CA, USA  

Stress and aging are risk factors for development of neurodegenerative diseases influencing cell´s 

energy metabolism. Insulin and leptin signaling have been associated to molecular mechanisms of 

neurodegeneration. It has been considered that insulin (IR) and leptin (Ob-R) receptors are located 

within the membrane microdomains – lipid rafts. Chronic stress and aging could cause changes in 

insulin/leptin signaling, which could lead to a cognitive decline. Changes in glucose/insulin metabolism 

and body weight as well as loss of memory function are also expected. In this study, selected 

metabolic and cognitive tests were performed on the chronic stress and aging rat model in order to 

characterize chronic stress and aging-induced changes. The aim was also to define whether or not the 

IR and Ob-R are located within lipid rafts and if their expression changes upon chronic stress and 

aging. 

Male and female Sprague Dawley rats were divided in young and old experimental groups and their 

matched control groups. Chronic and sham stress protocols were performed during 10 weeks. Glucose 

and insulin tolerance tests were performed as metabolic tests, while passive avoidance test was used 

as a cognitive test. Lipid rafts were isolated from cortices and cerebella using a novel method 

developed by our research group. The presence of IR and Ob-R in both lipid rafts and non-lipid rafts 

membrane fractions was screened by Western-blotting technique. The Statistica software was used 

for statistical analysis. 

Chronic stress caused statistically significant changes in body weight of animals during the study as 

well as changes in glucose and insulin tolerance. Cognitive decline, determined by passive avoidance 

test, was detected in old female chronic stress group as compared to control group (U=0, N1=N2=9, 

p=0.00004). Analysis of lipid rafts from brain cerebella and hippocampi revealed that both IR and Ob-R 

are localized outside of the lipid rafts, contrary to literature data. 

The most prominent cognitive decline was observed in experimental old female group. Changes in 

expression of IR and Ob-R in cerebellum and hippocampus were observed. It may imply the influence 

of chronic stress and aging on insulin and leptin metabolism. Developed animal model is useful for 

investigating the induced pathophysiological processes and could contribute to recognition of novel 

diagnostic biomarkers and of potential therapeutic targets for neurodegenerative diseases. 

Acknowledgments: This study has been funded by Croatian Science Foundation project IP-09-2014-2324 and 

Cedars Sinai Medical Center’s International Research and Innovation in Medicine Program and the Association for 

Regional Cooperation in the Fields of Health, Science and Technology (RECOOP HST Association). Part of this 

study was performed at the Department of Pharmacodynamics and Biopharmacy, Faculty of Pharmacy, 

University of Szeged, under the supervision of prof. Robert Gaspar. 
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TRIOBP-1 aggregation and major mental illness 
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Department of Biotechnology, University of Rijeka, Croatia; Department of Neuropathology, Heinrich 

Heine University, Düsseldorf, Germany 

Schizophrenia is a devastating psychiatric condition with a strong genetic component. In common with 

other mental illnesses, however, the genetic basis of schizophrenia is highly complex, with many risk 

factors and a high degree of heterogeneity. One approach to bypass this complexity is to instead focus 

on proteins involved in these conditions, and thus provide insight into the mechanisms underlying 

major mental illness. Specifically, we have proposed that, in partial analogy with many 

neurodegenerative disorders, it may be possible to characterise subsets of mental illness patients 

through the presence of aggregated, insoluble deposits of specific proteins in the brain.  

In a hypothesis free approach to identify proteins which may aggregate specifically in the brains of 

major mental illness patients, the insoluble protein fraction was purified from samples of 15 brains 

from schizophrenia patients, pooled and used to immunize a mouse. Monoclonal antibodies were 

raised from this animal, and tested for clones that had the ability to specifically recognise the insoluble 

protein preparation from schizophrenia patients brains over an equivalent preparation derived from 

control individuals. One such antibody was isolated, and its antigen confirmed by proteomics. This 

protein was then studied through expression in primary neurons and neuronal-like cell lines, in order 

to investigate its propensity to aggregate and the mechanism by which this occurs.  

Through the insoluble protein affinity technique, Trio-Binding Protein isoform-1 (TRIOBP-1) was 

confirmed to exist as an insoluble/aggregated species with the pooled brain samples from 

schizophrenia patients but not the controls samples. The TRIOBP-1 protein was found to aggregate 

both in its endogenous state and when over-expressed in a variety of systems, with enhanced 

aggregation occurring in neuroblastoma cells after they were induced to differentiate. Furthermore, 

this aggregation was found to be dependent on a short motif, currently narrowed to just 9 amino 

acids, within a central region of the protein that is required for its function in the polymerization of 

actin. This implies that a specific cellular process is likely involved in TRIOBP-1 aggregation.  

TRIOBP-1 is therefore one of a handful of proteins (also including DISC1, dysbindin and CRMP1) to be 

implicated as aggregating specifically in the brains of at least a subset of patients with major mental 

illness, and the first to be identified that was not previously implicated in psychiatric illness through 

prior genetic analysis. Through further analysis of this aggregation event it is hoped that insight can be 

gained into the cellular processes underlying major mental illnesses, as well as providing a potential 

new approach towards novel diagnosis and/or treatment of these conditions. 
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Potential role of cadherin switch in progression of intracranial meningioma 
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One of the most common primary brain tumors are intracranial meningiomas, derived from 

arachnoidal cap cells and classified within 3 different malignancy grades. Although they are mostly 

considered as benign tumors with a share of approximately 80% of all meningiomas and classified as 

WHO grade I, remaining 20% are classified as atypical (grade II) and anaplastic (grade III) showing 

aggressive character and higher probability of recurrence. Epithelial-mesenchymal transition (EMT) is 

biological process necessary for embryogenesis but also involved in tumor invasion.  During EMT cells 

undergo molecular changes and become motile. The most prominent feature of EMT is the so called 

cadherin switch in which loss of expression of E-cadherin - protein marker of epithelial cells, is 

accompanied with the increased expression of N-cadherin and the acquisition of mesenchymal 

phenotype. The expression of E-cadherin is recorded in morphologically benign tumors and is lost with 

the development of malignancy and metastasis. Therefore, the aim of this study was to investigate the 

potential role of cadherin switch in progression of invasive intracranial meningiomas and identify 

potential markers of the molecular changes responsible for the control of cellular mobility. In order to 

do so, we analyzed genetic changes of E-cadherin gene (CDH1) and protein expression of N-cadherin in 

45 samples of human meningioma with different grades of malignancy. Genetic alternations of CDH1 

gene (loss of heterozygosity, microsatellite instability) were tested by polymerase chain reaction (PCR) 

using microsatellite marker D16S3025 and analyzed by electrophoresis on Spreadex gels. Expression 

and localization of N-cadherin was detected using DAB-labeled immunohistochemical reaction 

(EnVisionTM, Dako REALTM) and specific monoclonal antibody for N-cadherin (D-4: sc-8424, Santa 

Cruz Biotechnology, Inc.) on paraffin-embedded meningioma sections followed by image analysis 

(ImageJ – NIH, NCI, Bethesda MD, USA). Image analysis revealed the cellular localization and levels of 

N-cadherin expression in 200 cells of tumor hot spots. We have demonstrated 66,7% of meningioma 

samples with moderate expression levels of N-cadherin, 30% with strong, while only 3,3% 

demonstrated weak N-cadherin expression. The results on CDH1 changes showed that genetic 

changes of E-cadherin were present in a portion of meningioma. Moreover, we have found the 

presence of microsatellite instability in a noteworthy number of patients. Our results have shown that 

N-cadherin is strongly expressed, mostly in the cytoplasm. The findings are indicative on the 

involvement of cadherin switch in meningioma.  
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Retromer (dys)function in Niemann-Pick type C disease models 
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Niemann-Pick type C (NPC) disease is a rare childhood neurodegenerative disorder caused by 

mutations in cholesterol transport genes NPC1 or NPC2. Interestingly, NPC disease shares several 

features with Alzheimer's disease (AD), including dementia, neurodegeneration, endosome/lysosome 

dysfunction, and increased levels of the amyloid-β peptide (Aβ) and of the hyperphosphorylated tau 

protein. Previously, we have shown that increased Aβ in NPC1-null cells involves sequestration of the 

Alzheimer's amyloid-β precursor protein (APP) and BACE1 within endocytic pathway. We hypothesized 

that dysfunction of retromer, a protein complex involved in recycling of proteins, including APP, from 

early endosomes to the trans-Golgi network or plasma membrane, is responsible for mistrafficking of 

APP and BACE1 in NPC1-null cells. The goal of this work is to elucidate whether retromer dysfunction 

is responsible for an Alzheimer's-like phenotype upon cholesterol accumulation in NPC disease 

models.  

To determine the effect of cholesterol levels on retromer function we used cellular and mouse models 

of NPC disease. For subcellular localization of retromer, we analyzed Chinese Hamster Ovary cells 

(CHOwt) and CHO NPC1-null cells in which NPC1 gene has been deleted. To determine the levels and 

distribution of retromer proteins in different brain regions, we analyzed hippocampi, cerebella and 

cortices of NPC1+/+ (wt) and NPC1-/- mice before onset of the disease (4-weeks old), after behavioral 

deficits started (7-weeks old) and in the terminal stage (10-weeks old). The levels of retromer proteins 

Vps26, Vps35 and retromer receptor sorLA were analyzed by western blotting. Subcellular and 

regional distributions of retromer proteins were analyzed by immunocyto(histo)chemistry.  

The levels of retromer components are not altered between NPC and wt disease models  

(NPC1-null cells and NPC1-/- mouse brains). However, upon cholesterol accumulation in NPC1null 

cells, retromer was retained in early endosomes where it co-localized with APP. These results were 

supported by our immunohistochemistry studies of NPC1-/- mouse brains which showed 

accumulation of Vps35 in the neuronal cell soma in all three brain regions analyzed. We also observed 

decreased immunostaining of sorLA already in 4-weeks old NPC1-/- vs. wt mouse brains.  

Our studies on NPC disease cellular model show that retromer (dys)function is dependent on 

cholesterol levels. Spatial and temporal distribution of retromer components is altered in NPC1-/- 

mouse brains. Decreased immunostaining of sorLA observed already at the very early stage of the 

disease (when no symptoms are detected) suggests that alterations in sorLA may be a trigger of 

retromer dysfunction upon cholesterol accumulation in NPC disease models. Altogether, dysfunction 

of retromer complex in NPC disease may be responsible for an AD-like phenotype previously observed 

in NPC disease.   
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In a research of postischemic neuroinflammation, we examined the influence of Toll Like Receptor 2 

(TLR2) comparing the recovery of wild type mice and mice with loss of function of Tlr2. To evaluate the 

consequences of ischemic stroke we used innovative approach by in vivo imaging the expression of 

genes involved in embryonal development, such as GAP43 (Growth associated protein-43) that 

mediates the neurite elongation, and CASP3 that is considered to be a hallmark of apoptosis. 

Simultaneous MRI provided insight in the volume of the lesion and oedema after Medial Cerebral 

Artery Occlusion (MCAO) used as an experimental model for ischemic stroke. Animals were subjected 

to reversible MCAO in duration of 60 minutes followed by long-term follow-up of post-ischemic 

recovery spanning from baseline time points (0), acute (3 days), subacute (14 days) and chronic time 

points (28 days). It included multimodal in vivo imaging (MRI, bioluminescence) coupled with 

behavioural studies. We have used both direct (with free d-aminoluciferine) and indirect method (with 

caged DEVD-luciferine) of bioluminiscence involving different luciferase substrates to visualise the role 

of developmental markers, as we have previously shown that application of VivoGlo™ Caspase 3/7 

substrate in Gap43-luc/gfp transgenic mice produces a signal specific for synchronous and colocalized 

expression of CASP3 and GAP43 after stroke. MRI was analysed in adjusted T2 sequences on Bruker 

BioSpec 7T. Overall survival rate was significantly increased in TLR2 k.o. animals. More of the WT (wild 

type) mice underwent strong acute reaction, which in TLR2 k.o. was attenuated. This was supported 

by worse neurological scores in WT mice at acute time points. Surviving mice showed significant 

reduction of the lesion during one month after stroke. Surviving WT mice had better neurological 

scores and lower stroke volume in chronic time points assessed by MRI than the TLR2 k.o., presumably 

due to strong positive selection taking place during the first week. Bioluminescence using VivoGloTM 

and d-aminoluciferin revealed acute induction of both markers of neural stress and regenerative 

neurological reaction. As the bioluminescence signal undergoes attenuation due to the tissue 

absorption, and scattering it was correlated to MRI data to derive valid values of photon flux. After an 

ischemic event in the brain acute inflammation has a highly deleterious effect. Diminishing the 

influence of TLR2 during early postischemic period increases overall survival, giving a window of 

opportunity to the mice whose brains were strongly affected to subsequently recover almost as their 

wild type controls with lesser initial brain lesion. Live imaging using MRI coupled with bioluminescence 

is crucial for processing of results and at the same time reducing the number of experimental animals, 

hence providing highly specific results in live animals. 

This study was supported by the EU FP7 grant GlowBrain (REGPOT-2012-CT2012-316120). Multimodal imaging 

was done at Laboratory for Regenerative Neuroscience - GlowLab, University of Zagreb, School of Medicine, 

Croatia. 
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High-fat high-sugar diet and antidiabetic treatment affect membrane expression of leptin  

and insulin receptor in hippocampal cells of adult Sprague-Dawley rats 

Ivid V, Balog M, Mlinac Jerkovid K, Ilid K, Kalanj Bognar S, Gaspar R,  Vari G V, Heffer M 

Josip Juraj Strossmayer University of Osijek, Faculty of Medicine Osijek, Department for Medical 
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Neurobiology and Neurochemistry, Zagreb, Croatia; University of Szeged, Faculty of Pharmacy, 

Department of Pharmacodynamics and Biopharmacy, Szeged, Hungary; IInternational Research and 

Innovation in Medicine Program, Cedars-Sinai Medical Center, Los Angeles, CA, USA 

The aim of this research was to determine the submembrane localization and to quantify leptin (ObR) 

and insulin (IR) receptors in hippocampal cells (HIPP) of adult obese Sprague-Dawley rats in pre-

diabetic state treated with two commonly used antidiabetic drugs metformin or liraglutide.   

Sixty four (N♂=32, N♀=32) Sprague-Dawley rats of age 44 weeks were separated in 4 groups: 1. 

Standard diet (SD), 2. High-fat high-sugar diet (HFHSD), 3. HFHSD + metformin (s.c., 50 mg/kg/day), 4. 

HFHSD + liraglutide (s.c., 0.3 mg/kg/day). The 6-week long induction of obesity in groups 2, 3, and 4 

was followed with 14-week long treatment of groups 3 and 4 with metformin and liraglutide, 

respectively. At the end of experiment HIPP were collected and LR were isolated according to the 

newly adjusted protocol. Collected fractions were analysed for raft markers Flotilin-1 (Flot1) and 

ganglioside GM1, non-raft marker Transferrin receptor (TfR), and for ObR and IR.  

The LR isolation resulted with the isolates collected as 10 or 11 fractions of 1,5 mL. It has been found 

that the ObR and IR are not the part of the LR in HIPP tissue. This observance was determined in all 

animal groups. The calorie rich diet affected receptor expression, as well as antidiabetic drugs.  

It has been proposed that obesity followed insulin and leptin resistance is developed because of 

changes in LR composition. This could also lead to impaired memory and cognitive performance. Our 

data suggest that ObR and IR are not part of LR in HIPP. Rather they are placed in the non-raft 

fractions independently from diet or treatment, but both can influence their expression. 

Funding: The study has been funded by RECOOP HST grant, and in part by the Croatian Science Foundation under 

project number IP-09-2014-2324. Acknowledgement: This study was supported by Cedars Sinai Medical Center’s 

International Research and Innovation in Medicine Program, the Association for Regional Cooperation in the 

Fields of Health, Science and Technology (RECOOP HST Association) and the participating Cedars – Sinai Medical 

Center - RECOOP Research Centers (CRRC). Ethical Committee Approval: Hungarian Ethical Committee for Animal 

Research: registration number IV/3796/2015.  
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Neuroprotective effect of zolpidem against glutamate-induced toxicity in P19 neurons 

Jazvinšdak Jembrek M, Vlainid J, Hanžid N 
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Excitotoxicity is the pathological process in which neurons are damaged by excessive glutamate 

spillover, the major fast excitatory neurotransmitter in the mammalian central nervous system, and 

consequent prolonged stimulation of N-methyl-D-aspartate (NMDA) glutamate receptors. 

Excitotoxicity-related neuronal degeneration contributes to ischemia-induced brain damage, 

traumatic brain injury, epilepsy, and various chronic neurodegenerative diseases such as Parkinson's 

and Alzheimer's disease. Although intracellular pathways responsible for the glutamate-induced 

neuronal death are not completely understood, it is known that glutamate enhances accumulation of 

reactive oxygen species (ROS) and induces oxidative stress. The aim of our study was to investigate a 

potential neuroprotective effect of zolpidem, a drug that acts via GABAA receptor complex and possess 

structural analogy with melatonin, an endogenous compound with antioxidative properties, against 

glutamate-induced toxicity in the culture of differentiated P19 neurons that express both GABAA and 

NMDA receptors. P19 neurons were obtained from the mouse embryonal carcinoma cells in the 

presence of retinoic acid. They were exposed to glutamate (300 µM, 3 hours) and then to zolpidem 

(10 µM, 2 hours). 24 hours later, the survival of P19 neurons was determined by the colorimetric 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) method and trypan blue assay. ROS 

accumulation was measured by the assay that utilizes the cell permeable substrate, 2’,7’- 

dichlorofluorescin diacetate. Effect on plasma membrane integrity was determined by CytoTox-ONETM 

Homogeneous Membrane Integrity Assay (Promega). Changes in the nuclear condensation that are 

characteristic for the programmed type of cell death were assessed by Hoechst staining. 

Measurement of the activities of key apoptotic markers caspase-3 and -7 was performed with Apo-

ONE® Homogeneous Caspase-3/7 Assay (Promega). Glutamate- and zolpidem-induced changes in the 

protein expression of transcription factor p53 and activated (phosphorylated) Akt were determined by 

the Western blot method, while changes in the expression of apoptosis-related genes (Bax, Bcl-2, p53 

and fos) were monitored by the semiquantitative RT-PCR method. Zolpidem post-treatment 

diminished glutamate-induced decrease in viability of P19 neurons. Although zolpidem prevented 

glutamate-induced ROS increase, it failed to prevent neuronal death induced by exposure to hydrogen 

peroxide and excess copper ions that trigger much higher accumulation of ROS, thus indicating that 

neuroprotective effect of zolpidem against glutamate toxicity was not achieved solely by direct 

antioxidant activity. Zolpidem also prevented induction of caspase-independent programmed cell 

death, as well as the glutamate-induced p53 and Bax increase at the transcriptional and translational 

level. The neuroprotective effect of zolpidem was prevented in the presence of 100 nM wortmannin, 

an inhibitor of phosphoinositide 3-kinase (PI3K)/Akt signalling pathway. Exposure to wortmannin also 

prevented zolpidem-induced Akt increase. The obtained results indicate that neuroprotective effect of 

zolpidem against glutamate-induced neuronal injury is predominantly achieved via PI3K/Akt signalling. 

Although further studies are required to better elucidate mechanisms of neuroprotective action of 

zolpidem at the cellular and molecular level, the presented findings are promising regarding the 

potential use of zolpidem in the reduction of excitotoxicity-related neuronal dysfunction and 

degeneration.  
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Key components of Wnt signaling are changed across different malignancy grades of 

astrocytoma 

Kafka A, Bačid M, Gabud T, Njirid N, Bukovac A, Tomas D, Mrak G, Pedina-Šlaus N  

Laboratory of Neuro-oncology, Croatian Institute for Brain Research, School of Medicine University of 

Zagreb, Zagreb, Croatia; Department of Biology, School of Medicine, University of Zagreb; Department 

of Pathology, School of Medicine, University of Zagreb; University Hospital "Sisters of Charity", Zagreb, 

Croatia; Department of Neurosurgery University Clinical Hospital Zagreb, School of Medicine, 

University of Zagreb,  Croatia 

Astrocytomas are the most common primary tumors of the central nervous system. According to the 

WHO classification, there are four grades of astrocytoma, considering their histology, molecular 

characteristics and prognosis. The aim of this study was to investigate changes in gene structure and 

protein expression of Dishevelled family and transcription factors TCF1 and LEF1, molecular 

components of the Wnt signaling pathway, in 80 astrocytic brain tumors and compare results with 

clinical parameters. Genetic changes were analyzed by PCR/LOH/MSI method by using polymorphic 

microsatellite markers D1S468 and D1S243 for DVL1, D1S17960 for DVL2 and D3S1262 for DVL3 gene. 

Protein expression and localization were examined by immunohistochemistry. Four selected 

microsatellite markers have shown a significant number of samples demonstrating MSI and LOH, 

genetic changes that contribute to the genome instability in cancer. Diffuse astrocytomas (WHO grade 

II) analyzed with D1S468 (p=0.008) showed the highest percentage of MSI (70%), while LOH was the 

most common in glioblastoma (31.2%) analyzed with D3S1262. The results obtained on the total 

sample indicate that the microsatellite instability is constantly present, with a more frequent 

appearance in lower grades and may be the cause of astrocytoma formation, whereas large deletions 

are significantly associated with the highest grade and have a role in progression. The levels of DVL1, 

DVL2 and DVL3 protein expression did not show statistically significant correlation with genetic 

changes. Nevertheless, statistically significant differences in the number of cells with certain level of 

expression of a single protein between the grades were observed. Bivariate correlation of all analyzed 

proteins showed a statistically significant positive correlation between DVL3 and TCF1 (p=0.020), DVL3 

and LEF1 (p=0.006), TCF1 and LEF1 (p=0.021), while DVL1 and DVL3 were negatively correlated 

(p=0.002). DVL1 was also negatively correlated (p<0.001) with astrocytoma grade, while DVL3 

(p<0.001), TCF1 (p=0.008) and LEF1 (p<0.001) showed positive correlation with malignancy grade 

suggesting involvement of these proteins in malignant progression. These results contribute to a 

better understanding of the molecular profile of astrocytic brain tumors and could serve as molecular 

markers of progression. 
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Microsatellite instability in intracranial meningioma and the involvement of MLH1 and  

MSH2 mismatch repair genes 
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Zagreb; Department of Biology, School of Medicine, University of Zagreb; Department of Biochemical 
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Genomic instability is a prominent characteristic of tumor cells and the result of defective DNA repair 

mechanisms. The defects in the functioning of postreplicative mismatch repair (MMR) gives rise to 

microsatellite instability (MSI). In the present study two major MMR genes, MLH1 and MSH2, were 

investigated in a group of 50 human intracranial meningiomas. The tumors were analyzed with 

microsatellite markers amplified by polymerase chain reaction (PCR) and visualized by gel 

electrophoresis on high resolution gels. Furthermore, MSI was also investigated for genes DVL3, AXIN1 

and CDH1. Our study revealed that 38% of our total meningiomas sample showed MSI at one 

microsatellite locus, 16% on two and 13,3% on three loci when compared to the autologous blood 

DNA. The percent of detected MSI for MSH2 gene was 14% and for MLH1 it was 26%, for DVL3 22,9%, 

for AXIN1 17,8% and for CDH1 8,3%. The markers employed also detected gross deletions of MLH1 

gene in 24% of meningiomas. Genetic changes between MLH1 and MSH2 were significantly positively 

correlated (P= 0,032). We also noted a positive correlation between genetic changes of MSH2 and 

DVL3 genes (P=0,034). Genetic changes in DVL3 were strongly associated with anaplastic histology of 

meningioma (2=9,14; P=0,01). Our study discovered constant presence of MSI in meningioma 

patients which indicates that MMR, the mechanism that safeguards the stability of our genome, is 

defective in human intracranial meningiomas. The importance of MSI phenotype in human tumors is 

an emerging field demonstrating its involvement in the clinical course of the disease, response to 

therapy and survival outcomes. 
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health and obstetrics of University Hospital Center Zagreb, Croatia; Department of Medical Biology, 
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Perineuronal nets (PNNs) are specialized brain extracellular matrix consisting mostly of different 

chondroitin sulphate proteoglycans that condenses around certain neurons and their processes. Today 

it is known that the PNNs have a variety of roles in the normal functions of the brain, as well as in 

many of the brain diseases. In this research, the PNN of the human fetal and children brains were 

visualized using a histochemical staining with Wisteria floribunda agglutinin (WFA), which is a well-

established marker of the PNNs. The aim of the study was to determine the time of appearance, the 

spatial-temporal distribution, and regional allocation in the human telencephalon. In the 12th post 

conception week (PCW) the PNNs are expressed in the pre-subplate zone as a perisomatic staining in 

the dorso-lateral telencephalic wall. At 16th PCW the characteristic perisomatic staining can be seen 

around cells mostly in the deep subplate zone of the lateral telencephalic wall. After that, until the 

27th PCW, the PNNs can be found scattered throughout the SP, with frontal sections having them 

expressed more in the dorsal wall regions (presumptive dorsolateral prefrontal region) whereas the 

caudal ones in the presumptive temporo-lateral regions of the telencephalic wall. At 28th PCW the 

WFA staining of the PNNs can be seen much stronger than in the previous stages and around more 

cells all along the SP. After the 33rd PCW the remains of the SP also has the PNNs expressed quite 

strongly under the entire cortical plate, a pattern observed also postnatally in specimens from 3rd 

postnatal month. These results show an early prenatal appearance of the PNN that suggest their 

importance during normal development and their possible involvement in pathogenesis of different 

diseases and neurological conditions of neurodevelopmental origin if their development underwent 

perinatal lesson, altogether pointing out directions for future research.  

Acknowledgement: This work is supported by projects of Croatian Science Foundation No.5943, and No7379; 

UNIZG-BM0054 and HIMRICO Adris. 
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The association between platelet MAO-B activity and specific symptoms in PTSD 
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Posttraumatic stress disorder (PTSD) is an anxiety disorder that can develop in some subjects after 

exposure to extreme trauma. The most common symptoms of PTSD are reexperiencing of the 

traumatic event(s), avoidance of trauma stimuli, numbing and persistent hyperarousal that are 

present for at least a month. Since not all subjects exposed to a trauma develop PTSD, and some 

individuals with PTSD also develop comorbidities such as major depression, panic disorder, agitation, 

cognitive impairment, psychosis, drug and alcohol abuse and suicidal behavior, the extent to which 

individuals are vulnerable or resilient depends on different psychosocial, biological, environmental, 

genetic and epigenetic factors, and the complex interaction between them. Monoamine oxidase 

(MAO) isoenzymes type A and type B degrade serotonin, noradrenaline (mostly MAO-A) and 

dopamine (primarily MAO-B) and other amines. There are reports of the association between altered 

platelet MAO-B activity and changes in mood, behavior, and various symptoms in different 

neuropsychiatric disorders. The aim of this study was to investigate the association of platelet MAO-B 

activity and several symptoms occurring in PTSD defined with the Positive and Negative Syndrome 

Scale (PANSS) and its subscales. Proposed study included 459 male war veterans with PTSD of the 

Croatian origin. The diagnoses of PTSD and comorbid psychiatric disorders have been made using 

Structured Clinical Interview (SCID) based on DSM-IV criteria, Clinician Administered PTSD Scale 

(CAPS), PANSS and its positive, negative, general, excitement, psychosis, depression and cognitive 

subscales. MAO-B activity was determined with spectrofluorometric method, using kynuramine as a 

substrate, from platelet-rich plasma, obtained through series of centrifugation of whole blood 

samples. Due to deviation from normal distribution, non-parametric statistical analysis was used 

(SigmaStat 3.5). As expected, MAO-B activity was significantly decreased in smokers, hence whole 

analysis was done in smokers and non-smokers separately. All subjects were subdivided into groups 

with moderate and severe symptoms and those with none or mild symptoms. Platelet MAO-B activity 

was significantly decreased in smokers with moderate and severe symptoms of agitation vs. those 

with mild symptoms of agitation. Platelet MAO-B activity was drastically lower in individuals with 

higher psychotic, depressive, positive, general and total PANSS scores than in those with mild 

symptoms. Symptoms listed in the PANSS cognitive and negative subscale were not significantly 

associated with platelet MAO-B activity.   

Since MAO-B degrades dopamine, lower MAO-B activity can lead to higher dopamine availability in the 

prefrontal cortex, which might be associated with elevated psychosis and agitation levels. To elucidate 

the role of platelet MAO-B in development and severity of different symptoms occurring in PTSD, but 

also in other neuropsychiatric disorders, further studies should be focused on more specific clinical 

measures, and should also include genetic analysis of MAO-B variants.  

This work was supported by Croatian Science Foundation grant IP-2014-09-4289.  
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Leptin and insulin regulate energy metabolism at the systemic and cellular level. Cells that express 

receptors for both hormones are capable of precise sensing of their environment and swift changes in 

between metabolic pathways favourable for survival. Also, depending on immediate lipid environment 

both receptors can be in sensitive or resistant mode. We investigated if glioblastoma cell lines express 

both receptors and what their lipid environment is.  

Seven glioblastoma cells lines were immunohistochemicaly tested on presence of insulin and leptin 

receptor and compared with primary tumors. To test glycosphingolipid composition of the membrane 

we preformed lipid extraction and staining with primary antibodies toward complex gangliosides 

(GM1, GD1a, GD1b and GT1b). 

Out of seven lines (CRL1620, H4, SF268, SNB19, SNB75, HTB15 i XF498) two were positive for insulin 

and leptin receptors and ganglioside GT1b. These cells were treated with sialidase to confirm specific 

GT1b staining and presence of cell surface sialic acid. 

Each of tested cell lines has differently shifted pattern of membrane glycolipids and in our further 

study we will investigate how that affects activity of leptin and insulin signalling pathway.  
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The development of amyloid-beta (Aβ) plaques is a crucial event in the pathogenesis of Alzheimer‘s 

disease (AD). Aβ is formed by sequential cleavage of the amyloid precursor protein (APP) by β-

secretase (BACE1) and the γ-secretase complex consisting of presenelin1 (PSEN1) and nicastrin 

(NCSTN) as the main components. Alternatively, APP can be processed by the α-secretase (ADAM10) 

which cleaves APP in the middle of the Aβ domain, precluding thus formation of amyloidogenic 

peptides. Multiple lines of evidence implicate serotonin (5-hydroxytryptamine, 5HT) in the 

development of AD. Also, a complex link between body mass index (BMI) and AD has been described. 

Here we explored expression of APP and its processing enzymes in the Wistar-Zagreb 5HT (WZ-5HT) 

rat, an animal model with altered 5HT homeostasis and body weight regulation. 

High-5HT (hyperserotonergic) and low-5HT (hyposerotonergic) sublines of the WZ-5HT rat were 

developed by selective breeding towards naturally occurring extremes of platelet 5HT parameters. 

BMI and serum cholesterol levels were determined in animals from both sublines. In the 

pharmacological experiment, rats were treated for 27 days with selective serotonin reuptake inhibitor 

(SSRI) fluoxetine (6 mg/kg, i. p.). Gene expression analyses were performed in the hypothalamus, 

cortex and visceral adipose tissue by the use of reverse transcription - quantitative polymerase chain 

reaction (RT-qPCR) based on SyberGreen technology.  

High-5HT rats had higher body weight and BMI as well as elevated serum cholesterol levels as 

compared to low-5HT rats. Further, animals from the high-5HT subline displayed reduced APP 

expression in the hypothalamus while no differences between sublines were found in the cortex and 

visceral adipose tissue. Treatment of animals with fluoxetine did not alter cortical expression of APP in 

either of the sublines. On the other hand, fluoxetine reduced cortical expression of ADAM10, PSEN1, 

and NCSTN in low-5HT rats, but showed no statistically significant effect in high-5HT rats. In addition, 

low-5HT rats displayed increased cortical expression of the 5HT receptor type 4 (HTR4) in response to 

fluoxetine treatment, while cortical expression of the 5HT receptor type 2A (HTR2A) in both sublines 

was unaltered by fluoxetine treatment.  

Our results suggest a tissue-specific role of 5HT in regulating APP mRNA levels and indicate 

importance of the endogenous 5HT tone in mediating effects of 5HT-related drugs on APP processing. 

Further studies will address roles of 5HT and BMI in amyloidgenesis in greater detail. 
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Gangliosides are membrane glycosphingolipids particularly abundant and important for modulating 

various cellular events in mammalian brain. Ganglioside composition influences appropriate 

positioning and function of specific membrane proteins, such as neuroplastin (Np) - a transmembrane 

glycoprotein involved in promoting neurite outgrowth, regulation of structure and function of 

synapses and synaptic plasticity. Our previous results showed changed Np expression in human 

hippocampi affected by Alzheimer’s disease (AD). In addition, we reported altered hippocampal Np 

expression and distribution in mice lacking complex gangliosides. However, positioning of Np within 

specific membrane subdomains has not been investigated so far. In this study we aimed to analyze Np 

expression and submembrane distribution in brain tissue of mice with aberrant ganglioside synthesis 

and mouse model of AD.  

Cortical tissue was dissected from brains of: APP/PS1 transgenic mice (AD model), B4galnt1 knock-out 

(KO) and St3gal2/3 double knock-out (DKO) mice with aberrant brain ganglioside composition, and 

their corresponding wild-type (WT) controls. Membrane proteins were isolated from tissue 

homogenates and Np expression was analyzed using Western blot followed by ImageJ quantification. 

Membrane proteins from cortices of KO and DKO mice were additionally segregated in lipid raft and 

non-raft domains, using procedure for lipid raft isolation modified in our laboratory. Neuroplastin 

distribution within the specific membrane fractions was analyzed using Western blot and ImageJ 

quantification. 

We report altered expression of two major Np isoforms in cortical tissue derived from all mouse 

models analyzed as compared to WT mice, most prominently in KO mice. Also, we show differences in 

Np membrane positioning depending on ganglioside composition. Specifically, there is a shift of Np 

from lipid raft to non-raft domains in cortical tissue of KO and DKO mice compared to WT animals. 

The results confirm our hypothesis that Np expression and membrane distribution depends on 

different ganglioside milieu. Observed alteration of Np expression and positioning within membrane is 

clearly related to documented specific changes in ganglioside quantity and composition in brain tissue 

of APP/PS1 transgenic mice, as well as mice models with interrupted ganglioside biosynthesis. 
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One of the critical parameters in selecting the appropriate regenerative approach and cell-based 

treatment of brain diseases is neurogenic potential of investigated stem cells. The aim of the study 

was to compare isolation, cultivation and differentiation protocols for mouse embryonic neural stem 

cells and adult human oral mucosa stem cells. The main goal was to evaluate the neurogenic potential 

of aforementioned cell populations.  Neural stem cells were isolated from the telencephalic wall of 

14.5 days old mouse embryos, obtained from the B6.Cg-Tg(Thy1-YFP)16Jrs/J transgenic mice strain, 

which expresses yellow fluorescent protein (YFP) in all parts of the neuron. Afterwards, neurospheres 

were cultivated in Dulbecco's Modified Eagle Medium Nutrient Mixture F-12 (DMEM/F12) enriched by 

N2, B27, EGF and FGF2. After dissociation, cells were seeded on poly-D-lysine and laminin coated 

coverslips and followed up to 14 days in differentiation medium. Oral stem cells were obtained from 

the punch biopsy performed on healthy adult volunteers. Cultivation was performed in medium 

consisting of DMEM and 10% foetal bovine serum, EGF and FGF2, followed by the seeding of these 

cells onto fibronectin coated coverslips and tracking of their growth for 30 days in differentiation 

medium. One day after isolation, mouse neural stem cells uniformly expressed nestin, the marker of 

neurogenic potential, which after three and especially seven days, became replaced by set of neuron 

markers: approximately 75% of cells expressed NeuN, Map2 and Tuj1. Along with differentiation, 

these cells started to express markers of synaptogenesis (Nlgn1, SynCam, PSD95 and Syn1). Human 

oral mucosa stem cells retained expression of nestin and Oct4 for longer period lasting more than ten 

days. Also, expression of Sox2 and Map2 appeared after 14 days and was detected in approximately 

80% of cells. Neurons obtained from both cell populations exhibited same morphology after 14 or 21 

days.  Mouse neural stem cells represent an ideal cell population for preclinical testing of procedures 

based on application of stem cells for brain diseases due to their unmatched uniformity and supreme 

potential of obtaining neurons in a very short period. However, clinical trials require human stem cells 

isolated from accessible sources with significant potential for regenerative medicine. Despite the fact 

that more time is required to obtain neurons from oral mucosa stem cells, our study has shown that 

their accessibility and embryonic origin, which oral mucosa stem cells share with nervous system, 

makes them an appropriate candidate for clinical trials.  

Source: The work has been supported by projects: YoungBrain (EU-ESF), the Croatian National Foundation 

(02.05/40), Foundation Adris awarded to D.M. and by FP7 Glowbrain project (REGPOT–2012–CT2012–316120) 

awarded to S.G. All experiments on animals described in this work received approval of the Internal Review Board 

of the Ethical Committee of the School of Medicine, University of Zagreb: 380-59-10106-17-100/27 received on 

26.01.2017. All experiments were carried out in accordance with the EU Directive2010/63/EU on the protection 

of animals used for scientific purposes. 
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A key feature in the early stages of Alzheimer’s disease is abnormal phosphorylation of tau, a 

microtubule associated protein. Tau hyperphosphorylation results from the activity of several protein 

kinases and downregulation of phosphatase PP2A. To study processes involving phosphorylated tau, 

cultured cells can be treated with okadaic acid, an inhibitor that primarily targets phosphatase PP2A. 

SH-SY5Y cells express several splicing isoforms of tau and are useful as a cell culture model for 

investigating pathways important for neuronal tissues due to their neuron-like characteristics.  

In order to induce accumulation of hyperphosphorylated tau, we treated SH-SY5Y neuroblastoma cells 

with 100 nM okadaic acid for 2 h, and analyzed tau phosphorylation at specific amino acid residues by 

western blot, using phospho-tau specific antibodies.  

We observed that okadaic acid treated SH-SY5Y cells express tau protein of the apparent molecular 

weight around 100 kDa, in addition to the well-described 45-65 kDa tau isoforms. High molecular 

weight Tau could be detected by western blot using antibodies against tau phosphorylated at Ser202 

and Ser396, as well as by the CP27 antibody recognizing total Tau, regardless of its post-translational 

modifications. As CP27-reactive 100 kDa band was induced upon cell treatment with okadaic acid, this 

result suggests that 100 kDa protein represents a phosphorylation-induced Tau oligomer. In support of 

this possibility, a previous study using fluorescently labeled tau transfected into HEK293 cells indicated 

that Tau oligomerizes upon cell treatment with okadaic acid. We noticed that 100 kDa Tau is stable in 

the presence of strong denaturing and chaotropic agents urea and guanidine. It did not dissociate in 

the solution containing -mercaptoethanol, indicating that the potential oligomer is independent of 

disulfide bonds. We are currently testing whether 100 kDa Tau species dissociate upon 

dephosphorylation by alkaline phosphatase and whether this protein is stable in formic acid.  

Taken together, we found that treatment of SH-SY5Y cells with okadaic acid leads to induced 

expression of a 100 kDa protein recognized by antibody CP27 (anti-total tau), and by anti-phospho-tau 

specific antibodies CP13 (ptau-Ser202) and pSer396 (ptau-Ser396). While not fully characterized, this 

protein may represent a phosphorylation-induced Tau oligomer.  

 

 

 



 
6th Croatian Neuroscience Congress, September 16-18, 2017, Osijek, Croatia 

 90 

 

PP50  

Protocol for stereotaxic delivery of tau monomers and oligomers into the rodent brain 

Langer Horvat L, Svoboda J, Babid Leko M, Miškid T, Kukolj M, Oršolid N, Hof R. P, Šimid G 

Croatian Institute for Brain Research, School of Medicine, University of Zagreb; Institute of Physiology 

AS CR, v.v.i., Department of Neurophysiology of Memory, Prague, Czech Republic; Faculty of Science, 

Division of Animal Physiology, University of Zagreb; Fishberg Department of Neuroscience and 

Friedman Brain Institute, Icahn School of Medicine at Mount Sinai, New York, NY, USA 

This protocol describes stereotaxic surgery for the delivery of different tau species into the rat brain. 

The surgery has been optimized to result in minimal damage to brain parenchyma and to provide 

reproducible results for the stereotaxic targeting of specified brain regions: ventral entorhinal cortex 

(1.0 x 0.8 mm) and locus coeruleus (0.8 x 0.3 mm). It has been shown that the locus coeruleus is 

among the first structures affected by tau protein abnormalities during the course of Alzheimers’s 

disease and as it massively projects to the transentorhinal and entorhinal cortex, these regions may be 

contributing to early neurofibrillary changes in Alzheimer’s disease from which neurofibrillary 

degeneration spreads throughout the cerebral cortex. Crucial technical requirements had to be 

fulfilled before and during the procedure so that the target structure is attained with maximal 

precision. The stereotaxic coordinates need to be validated relative to age, sex, strain, and the 

topography of the vascular system of the rat. Depending on the location of the target structure, the 

cerebrovascular anatomy of the animal can be a constraint in the insertion of microinjection cannulae, 

particularly when injecting the locus coeruleus. Usually for a structure located in the anterior part of 

the brain, bregma is recommended as a landmark. However, if the target structure is in the posterior 

parts of the rat brain, it is more appropriate to use lambda as the reference point. The goal of this 

work is to test the pathogenic spread hypothesis in wild type rats by injecting a single dose of soluble 

oligomeric forms of human tau protein (hTau) prepared by using amyloid seeds, tau fibrils (gift from 

Kayed Rakez, Galveston, TX, USA) or V5-tagged monomers (TAU-1N4R-V5, provided by Isabelle 

Landrieu, Lille, France) in the entorhinal cortex and locus coeruleus, and to assess whether such a 

neuron-to-neuron physical spread of protein aggregates is required for pathogenesis. 

For stereotaxic surgery, we used 12 months old male and female Lewis rats. Stereotaxic coordinates 

for the locus coeruleus and entorhinal cortex were determined from the 2004 stereotaxic rat brain 

atlas of Paxinos and Watson, and optimized according to age and sex of the rats using cresyl violet as a 

cytoarchitectural stain. Microscopic observation of serial frozen sections allowed validation of and the 

possibility to correct, as needed, the stereotaxic coordinates of the target structure. This was 

especially useful when the target region is very small, such as the locus coeruleus. To assess how and 

where tau protein enters the brain we administered the V5-tagged monomers of tau in two groups of 

animals with two intra-peritoneal injections, one week apart (V5-hTau1N4R and V5-hTau1N4R, 3 

animals per group). Two goups served as a control (phosphate-buffered saline and mannitol, 2 animals 

per group). We opened temporarily the blood brain barrier with mannitol solution for 11 min to allow 

the tau monomer to enter the brain. The rats were sacrificed two weeks after intraperitoneal 

injection, and the brain sections were analyzed using a monoclonal antibody against the V5 tag 

(Invitrogen).  

For calculating stereotaxic coordinates of the target structure it is important to take into account the 

organization of the cerebral vasculature of the animal. To target a structure such as the locus 

coeruleus, which is close to the midline, it is necessary to calculate an appropriate angle to avoid the 

transverse venous sinus. This obstacle can be bypassed by a forward inclination of the head at an 

angle of around 15°. For targeting the ventral entorhinal cortex it is necessary to use a 14° inclination  
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of the microinjection unit in mediolateral direction. In addition, one must be aware of the starting 

point of the descent of the cannula, as there can be a difference of up to 1 mm in the determination of 

the dorso-ventral coordinate either from the surface of the skull or from the surface of the dura 

mater. The results of intraperitoneal injection of tau monomer tagged with V5 tag were inconclusive. 

Data collection on stereotactic injection of tau oligomers into the entorhinal cortex and locus 

coeruleus are still in progress. 

In calculating stereotaxic coordinates of the target structure it is important to take into account the 

organization of the cerebral vasculature of the animal. To target a structure such as the locus 

coeruleus, which is close to the midline, it is necessary to calculate an appropriate angle to avoid the 

transverse venous sinus. In conclusion, we hope that our approach will improve the understanding of 

the development of tau pathology in rodent experimental models of neurodegenerative diseases.   

Acknowledgments: This work is financially supported by the Croatian Science Foundation HRZZ (IP-2014-09-

9730). 
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P6 Neurodevelopemental basis of cognitive, mental and neurological disorders 

 

PP51  

Prevention of consequences of corticospinal tract injury in infant age: Baby CIMT 

Application  

Ivoševid M, Suban I 

Faculty of Education and Rehabilitation Sciences, University of Zagreb; Faculty of Education and 

Rehabilitation Sciences, University of Zagreb 

Typical developing infants initially have bilateral corticospinal tract (CST) projections until the sixth 

month of birth when ipsilateral projections are gradually misplaced and contralateral are kept trough 

development. Through this critical period, in unilateral strokes, ipsilateral connections are retained 

and contralateral connections disappear. This findings implicate that perinatal cerebral lesions, as in 

cerebral palsy (CP is leading cause of motor impairments, and 38% of overall number people with CP 

suffer from unilateral CP), may result in reduced activity in contralateral motor cortex which is 

connected to developmental delay of  affected limb. Hence results in vicious circle where lesions 

reduce mobility which prevents typical development of neural circles which are in the background of 

movement. 

When corticospinal reorganisation happens early in development, abnormal ipsilateral projections 

may establish suitable connectivity with cortical and subcortical networks needed for effective control 

of fist and hand. 

Guided by the knowledge that neural activity induces synaptic reorganisation in sensory and motor 

cortex and that corticospinal tract goes through changes, we will present Baby CIMT (Baby constraint-

induced movement therapy) as potential model of application neuroplasticity in rehabilitation. This 

method is intended for infants who are in risk of developing UCP with the main goal is to optimize 

functionality of the affected arm. 

Measure of intracortical inhibition which can be useful in identifying infants with UCP is silent period 

described as duration in miliseconds from the stimulation to the return of activity. We will describe 

ipsilateral and contralateral silent periods and argue their use in problematics of this theme. 

We will explain how increasing the competitivity of contralateral CTS after cortical inactivation 

ipsilateral CTS can be accomplished using Baby CIMT and how typical development reorganizes. We 

will explain it through the stimulation of the affected cortex (affected limb) and through silencing the 

unaffected cortex (constraining the unaffected limb). 

We will show if it’s possible to habilitate motoric functions and prevent atypical motoric development 

in infants with UCP while balancing activity between cerebral hemispheres. 
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Cerebral visual impairment in the child  with periventricular leukomalacia-case report 

Mejaški Bošnjak V, Alimovid S, Čokolid Petrovid D, Bošnjak J, Đakovid I, Milaščevid D, Vulin K 
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Cerebral visual impairment (CVI) is the most common cause of permanent visual impairment in 

children, yet often goes unrecognised. The diagnosis of CVI is indicated for children showing abnormal 

visual responses that cannot be attributed to eyes themselves. Brain dysfunction must explain the 

abnormal visual responses. Visual spatial disturbances: localization of objects, judgment of direction 

and distance of objects and orienting the body in relation to the physical world are associated with 

posterior parietal(-occipital) lobe lesions i.e. due to the „dorsal“ visual association parthway. Visual 

perceptual disturbances: discrimination, recognition and integration of visual images and objects are 

associated with inferior posterior lobe lesions i.e. „ventral“ visual pathway. Common  causes CVI in 

infants and young children include: hypoxic ischemic encephalopathy ( in the term born infant), 

periventricular leukomalacia (PVL-in the preterm infant), traumatic brain injury, neonatal 

hypoglycemia, infections, metabolic disorders, CNS developmental defects . Accompanying features of 

CVI include cerebral palsy and developmental delays. Confusing diagnostic entities include: delayed 

visual maturation, autism spectrum disorders, profound mental retardation, epilepsy, particularly 

West syndrome. 

We present symptoms of CVI in the girl aged 12 years, with cerebral palsy and periventricular 

leukomalacia. 

Presented patient is third born child from mother suffering diabetes mellitus type I. Delivered by SC 

due to perinatal asphyxia, oxygenized. BW 3700g, BL 51cm, Apgar 9/10, gestation weeks 38 +5, 

cushingoid, immature, pale, hypotonic, brain ultrasound revealed periventricular leukomalacia grade 

3. which was confirmed by brain MRI at age of 4 years. Motor development delayed, at 3y started to 

walk without support, few steps, falling frequently. At age of 3y suffered epilepsy, and put on 

antiepileptic drugs. Neurological examination last performed at age of 12 y: walks independently, with 

flexion in hips and knees, able to walk on toes, walking on heels difficult, can’t walk in line, increased 

muscle tone, more of the lower extremities, marked asymmetry, limited dorsiflexion of left foot, 

hyperreflection of right patellar tendon, other normal. Atethosis of both hands, coordination 

imprecise, limitations in fine motor skills.Ophtahalmological examination: strabismus, wears glasses 

pale optic disc, sciascopy +1,5 both, ERG-normal, VEP-damaged neural conductivity on both sides. 

Psychological assessment: at age 12 y (MVPT, WISC-IV) overcomes individualized school curriculum, 

with personal assistant. She has short attention span, the difficulty of spatial, visual and auditory 

integration. Difficulties of visual focusing and visual perception are dominatnt. i.e. objects 

discriminations, differentiation figures from background, visual memory, difficulties in complex spatial 

relations. Intellectual capacities uneven, the best in verbal skills, and memories.  Surveillance Cerebral 

Palsy Eurpe classification:  Bilateral spastic CP, due to PVL, functional grading : motor development ( 

GMFCS 2,GMFMscore 75,34, BFMCS2b), vision impaired, hearing normal, epilepsy stabilazed by 

antiepileptic drugs. 

The child  with CVI has frequentlly co-existing neurodevelopmental disorders which  often becomes 

the focus of input and educational support. If CVI is  unrecognised or its impact ignored potential for 

habilitation may be lost. This is a missed opportunity to provide an individualised, structured 

programme of support which may make a huge difference to outcomes for the child. 
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Perinatal exposure to 5-hydroxytryptophan induces reduction of 5HT concentration in the 

midbrain 5HT neurons of adult rats 

Nikolid B, Šoltid D, Blaževid S A, Jovanov Miloševid N, Hranilovid D 

University of Zagreb, Faculty of Science, Department of Biology; Croatian Institute for Brain Research, 

University of Zagreb, School of Medicine, Zagreb, Croatia 

Serotonin (5-hydroxytryptamine, 5HT) is a biologically active amine with diverse roles in the 

mammalian organism. Drugs targeting 5HT system are widely used in treatments of affective and 

anxiety disorders. Although selective serotonin reuptake inhibitors represent a common choice of 5HT 

enhancers during pregnancy, the immediate 5HT precursor, 5-hydroxytryptophan (5HTP), is being 

increasingly offered as a natural and safer alternative to antidepressant medication. However, 

consequences of developmental exposure to increased 5HTP concentrations on brain serotonin 

homeostasis have not been studied in animal models or humans. In the present study, we examined a 

possible influence of perinatal treatment with 5HTP (25mg/kg) on the serotonin concentration in the 

midbrain 5HT neurons of adult rats.  

Wistar rats were treated with either 5HTP or saline, from gestational day 13 until birth by 

subcutaneous injections to pregnant females, and from postnatal day (PND) 1 until PND 21 by 

receiving subcutaneous injections themselves. 5HT levels in serum and cortex were measured by ELISA 

at the end of treatment. Brain samples from 3 females and 2 males in each group were collected from 

animals sacrificed on PND 70. The samples were stored in saccharose and 40 µm slices were cut on a 

microtome. 5-HT immunohistochemical staining was performed on the slices containing dorsal raphe 

nuclei using DAB (3,3’-diaminobenzidine) chromogen, and visualized by light microscope with a 2x 

magnification. Images of slices were processed with Zeiss Zen 2 software, and plate levels were 

defined according to The rat brain atlas of Paxinos and Watson. The number and size of 5HT neurons, 

as well as mean signal intensity per cell (corresponding to 5HT concentration) were analyzed in plates 

95, 96 and 97 of each animal using NIH ImageJ software.   

Chronic 5HTP treatment significantly raised serum, but not cortical 5HT concentrations in pups. In 

adult animals, no differences were observed between the control and experimental animals regarding 

the number and size of the 5HT-containing cells in the examined area of the brain slices. However, 

mean signal intensity per cell was significantly lower in the experimental group (p<0.01), indicating a 

decrease in 5HT concentrations in animals perinatally treated with 5HTP. The result corresponded well 

to the earlier observations of the increased expression of midbrain monoamine oxydase (MAO) genes 

in these animals. 

We can conclude that transient perinatal hyperserotonemia, caused by the chronic 5HTP treatment, 

induced compensatory changes in the expression/activity of the elements controlling serotonin 

homeostasis in the midbrain 5HT neurons, resulting in a long-lasting/permanent reduction of 5HT 

concentration. Our results, obtained on an animal model, suggest a need for thorough examination of 

the potential effect of 5HTP treatment on the developing human brain and its possible 

neurological/behavioral consequences.   
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Escitalopram-oxycodone induced craniocervical dystonia caused by CYP2D6*4 and 

CYP2C19*2 variants and drug interactions 

Šarac H, Božina N, Henigsberg N, Božina T, Bošnjak-Pašid M, Bilid E, Bagarid-Krakan L, Hrabač P 

University Hospital Centre Zagreb; Department of Medical Chemistry, Biochemistry and Chlinical 

Chemistry; Psychiatric Clinic Psychiatric Hospital Vrapče; University of Zagreb; University Hospital 

Centre Zagreb; Ruđer Boškovid Institute; School of Medicine, University of Zagreb 

Tardive dystonia is usually associated with long-term exposure to dopamine-receptor-blocking-agents, 

but there are also nonneuroleptic compounds that can cause tardive dystonia.  

To describe influence of cytochrome enzyme alleles and drug-drug interaction on the development of 

tardive dystonia in one patient during prolonged coadministration of oxycodone and escitalopram.  

The patient was offered genetic analysis of CYP2D6*3*4*5*6*41 variant alleles and duplications, 

CYP3A4*22, and CYP2C19*2*17 variants, by long range PCR method. 

The patient was a carrier of inactivating alleles for CYP2D6 *1/*4 and CYP2C19 *1/*2, predisposing for 

intermediate metabolizer phenotype, responsible for altered drug metabolism. 

This study shows that significant improvement of dystonia after discontinuing offending drugs indicate 

drug toxicity caused by underlying genetic predisposition and drug-drug interaction. Due to 2D6*4 and 

2C19*2 alleles, patient had prolonged escitalopram bioavailability. Biotransformation of 

noroxycodone by CYP2D6 to noroxymorphone was also impaired due to inactive 2D6*4 variant. 

Biotransformation of escitalopram is mediated mainly by CYP3A4 and CYP2C19, with an additional 

contribution of CYP2D6 enzyme. Introduction of oxycodone was a trigger for the development of side 

effects due to strong inhibition of CYP2D6 activity by escitalopram, reducing oxymorphone 

production, and increasing noroxycodone levels. Unfavourable adverse reaction profile limits 

concomitant use of oxycodone and escitalopram. Pharmacogenetic testing should be performed when 

drug toxicity is expected.  

 

https://www.researchgate.net/institution/University_of_Zagreb
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Therapeutic Opportunities of Neurosteroids in Ischemic Brain Injury 
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Ischemic brain injury is a complex syndrome of various pathophysiological changes caused by 

reduction of blood supply to the brain tissue and represents one of the major causes of death and 

disability today. Deprivation of oxygen, glucose and other nutrients in the brain, as well as lack of 

elimination of metabolic toxic products, induce complex cascade of biochemical and molecular events 

that lead to neuronal damage and death. It has been shown that neurosteroids 

dehydroepiandrosterone (DHEA) and its sulfate (DHEAS), together referred as DHEA(S), have a wide 

range of beneficial and protective effects in the brain. These neurosteroids act as negative allosteric 

modulators of GABAA receptors and as positive allosteric modulators of NMDA and sigma receptors 

and therefore might exert potential antidepressant, anxiogenic, cognitive- and memory-enhancing as 

well as neuroprotective properties. The aim of our study was to investigate therapeutic potential of 

DHEA(S) in the ischemic brain injury using in vitro and in vivo models of oxygen and glucose 

deprivation.  

As an in vivo model of ischemic brain injury, adult Wistar male rats were subjected to bilateral 

occlusion of common carotid arteries (BCAO) for 5 minutes, and after 24 h, rats were treated with 

DHEA(S). Cognitive behavioral functioning was examined 7 days after BCAO using object recognition 

and object location tests. The effect of DHEA(S) on ischemia-induced pathohistological brain changes 

was investigated ex vivo by analyzing Bcl-2 and Bax protein levels in cytosolic and mitochondrial 

fractions of hippocampus and prefrontal cortex, using Western blot. As an in vitro model of ischemic 

brain injury, HEK 293 cells, non-transfected and stably transfected with 122S GABAA receptors, 

were exposed to oxygen and glucose deprivation/reperfusion (OGDR) using gas-tight modular 

incubator chamber, before and after DHEA(S) treatment.  

The preliminary results obtained on HEK 293 cells, non-transfected and stably transfected with 

122S GABAA receptor demonstrated protective effects of DHEA(S), administered both before and 

after OGDR, which seem partially mediated via GABAA receptors. Object recognition and object 

location tests, performed on rats 7 days after BCAO, showed protective effect of DHEA(S) on cognitive 

behavioral functioning. Preliminary results of Bcl-2/Bax protein expression analysis obtained on 

cytosolic and mitochondrial fractions of hippocampus and prefrontal cortex suggested anti-apoptotic 

effects of DHEA(S). 

Our preliminary findings, obtained using both in vitro and in vivo models of ischemic brain injury, 

demonstrated protective effects of DHEA(S) against ischemia-induced neuronal damage and death, 

which probably at least partially involve anti-apoptotic mechanisms and GABAA receptors. However, 

further experiments investigating various pathways of neuronal cell death and survival are needed in 

order to elucidate complex molecular mechanisms of potential therapeutic effects of DHEA(S) in 

ischemic brain injury.  
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Involvement of BDNF in fluoxetine-induced changes in body weight: studies in Wistar 

Zagreb-5HT rat model  
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There is evidence that antidepressant (AD) drug therapy is associated with significant changes in body 

weight. Due to increasing rates of obesity and the fact that AD agents are among the most commonly 

prescribed drugs, the impact of their use on obesity risk is receiving much attention.  

The direction of the body weight change seems to be influence by the choice of AD drugs. In 

particular, it was shown that fluoxetine causes a weight loss and paroxetine causes a weight gain, 

although both drugs are selective serotonin reuptake inhibitors (SSRI) and act through increasing the 

amount of brain extracellular serotonin (5HT). These observations suggest involvement of other 

molecular pathways in mediating effects of these drugs on body weight control. 

Brain-derived neurotrophic factor (BDNF) is a well-known neurotrophin, highly expressed in 

hypothalamus and hippocampus, brain regions critically implicated in metabolic/endocrine and 

emotional/cognitive functions. BDNF has been implicated in eating behaviors and body weight 

regulation through modulation of the serotonergic pathways. It was shown that SSRIs induce 

upregulation of BDNF signalling. The possibility that 5HT and BDNF act synergistically to mediate the 

actions of AD drugs, including that related to changes in body weight requires further investigation.  

Here we explored 5HT–BDNF systems interactions using an original genetic model of rats with 

constitutionally altered (hypo or hyper) serotonergic system. 

Male animals from hyperserotonergic (high-5HT) and hyposerotonergic (low-5HT) subline of the 

Wistar-Zagreb 5HT (WZ-5HT) rat model, obtained by selective breeding toward platelet 5HT 

transporter activity, were treated with fluoxetine (6 mg/kg, i.p) for 27 days. During treatment, body 

weight of animals was monitored daily. Hippocampal BDNF mRNA and protein levels were assessed 48 

h after the last injection, using reverse transciption-quantitative polymerase chain reaction (RT-qPCR) 

and enzyme-linked immunosorbent assay (ELISA), respectively. 

As expected, animals treated with fluoxetine showed less weight gain compared to non-treated 

animals; no difference in this regard was observed between the sublines.  

Further, our results revealed that hippocampal BDNF mRNA levels were in both sublines similarly 

upregulated by fluoxetine treatment (p=0.0353 for the effect of treatment; p=0.891 for TxS 

interaction), and were higher in high-5HT than low-5HT animals (p=0.0127 for the effect of the 

subline). Hippocampal BDNF protein levels were significantly affected by fluoxetine treatment in high-

5HT (p<0.01), but no in low-5HT (p>0.05) animals (p=0.0092 for TxS interaction), and were basally 

higher in high-5HT than low-5HT animals (p=0.0059). 

Differences in fluoxetine-induced changes in hippocampal BDNF protein levels between hypo- and 

hyperserotonergic rats support interaction of 5HT and BDNF pathways in mediating fluoxetine action. 

However, the weight loss caused by fluoxetine treatment seems not to be related to endogenous 5HT 

activity of the animal. 
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Marble burying behaviour: comparison of mice and rats  
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Marble burying (MB) is a rodent model for obsessive-compulsive disorder in humans.  It has been used 

by neuropharmacologists for decades to test potential anxiolytic drugs. MB is simple to perform, 

economical and practical for use.  Finally, it is very thankful for Ethics Review of experiments involving 

laboratory animals (usually is awarded with the lowest severity score). MB is based on compulsive 

digging behaviour, which is natural for both, mice and rats. Interestingly, mice were much more 

frequently used in MB test than rats. Therefore, we present here the results of comparison of marble 

burying behaviour in two strains of mice (DBA2 and BalbC), Wistar rats and sublines of Wistar–Zagreb 

5HT (WZ-5HT) rats, a genetic model of rats with constitutionally upregulated and downregulated 

serotonin (5HT) homeostasis. High-5HT and low-5HT subline of this model were developed by 

selective breeding for the extremes of platelet 5HT parameters. Thirty-three male rats (9 Wistar, 12 

high-5HT and 12 low-5HT rats) and 40 male mice (18 BalbC, 22 DBA2) were used. Animals were 

individually exposed to glass marbles (15 mm diameter for mice and 24 mm for rats) for 30 minutes in 

standard cages fielded with 5 cm deep layer of saw dust. Total number of marbles distributed on the 

surface of bedding material was 12 for mice (in arrangement 4x3) and 8 for rats (4 marbles along 2 

short walls of test cage). Number of marbles buried in sawdust is counted at the end of test.  Marble is 

considered as buried if half or more of its volume is covered by sawdust.  There was no difference in 

average percent of total marbles buried or average number of marbles buried between BalbC (71,2% 

and 8.0) and DBA2 mice (69,4% and 8.3).  Wistar rats and rats from the high-5HT subline also buried 

similar average percent (85,4% and 78,6% of total marbles buried, respectively) and similar average 

number of marbles (6,8 and 6,3 marbles, respectively). But, the number of marbles and percent of 

total marbles buried by rats from the low-5HT subline was more than twice lower than those 

estimated for Wistar or high-5HT subline (30,2% versus 85,4% and 78,6% of total marbles). These 

differences reached statistical significance (one way ANOVA, F=21.37, p= 0,0001; Tukey multiple 

comparison test, p= 0,001 high-5HT vs low-5HT subline and Wistar vs low-5HT subline)-. In conclusion, 

no difference has been found in compulsive digging behaviour between two strains of mice known as 

relatively anxious in different anxiety models. But, high-5HT subline of WZ-5HT model and standard 

Wistar rats express significantly more compulsive digging than low-5HT rats. Therefore, results 

indicate a relationship between increased endogenous 5HT tone and anxiety. They also suggest that 

animals from the high-5HT (hyperserotonergic) subline may be a better model for testing 

anticompulsive drugs than low-5HT (hyposerotonergic) animals. 
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The drugs in current use can be broadly divided into those that are designed to enhance 

cholinergic function, those that reduce the synthesis of free radicals, the anti-inflammatory agents, 

the oestrogens, and a miscellaneous group of natural products which include the Ginkgo biloba 

alkaloids. In addition, some drugs are in development which are aimed at counteracting the possible 

causes of neuronal cell loss by blocking the neurotoxic effects of amyloid beta peptide (AB). The 

diagnosis of AD is primarily based on symptoms and signs, according to DSM V and ICD-10 diagnostic 

criteria. Tacrine was the first cholinesterase inhibitor approved by the Food and Drug Administration 

(FDA) for the symptomatic treatment of AD but was subsequently withdrawn from the market place 

due to hepatotoxicity, resulting in an unacceptable risk benefit profile for the drug.  Other 

cholinesterase inhibitors - donepezil, rivastigmine and galantamine have better safety and tolerability 

profiles.   

Memantine is a drug with neuroprotective and cognition-enhanced properties, which can be 

combined with other treatments for AD. 

Depressive symptoms are present in two thirds of patients with dementia. It is necessary to apply 

antidepressants in those cases. Selective serotonine reuptake inhibitors (SSRI's) are the first treatment 

choice. Tricyclic antidepressants (TCA's) should be used cautiously. Nortriptylin has better tolerance in 

comparison to other TCA's. On the other hand, amoxapine should be avoided because of potential of 

causing extrapyramidal side effects (EPS). Monoaminooxidaze inhibitors should also be used cutiously 

because of their potential of causing ortostatic hypotension, and also because their application 

requires special diet which can be a limitiation to difficult for some patients. Antipsychotics are 

indicated in cases of psychotic symptoms in demented patients. Atypical antipsychotics are the 

preferred treatment for symptoms such as delusions, hallucinations, agitation and aggressive 

behaviour. The most widely used are olanzapine and risperidone. Benzodiazepines are used in the 

treatment of anxiety and agitation. Anticonvulsive medications are used as mood stabilizers in non-

psychotic patients with behavioral disorders.  
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Neuroprotective effects of quercetin against copper-induced toxicity via PI3K/Akt and ERK  

signalling in P19 neurons 

Zubčid K, Vlainid J, Oršolid N, Jazvinšdak Jembrek 

Department of Biology, Faculty of Science, University of Zagreb, Croatia; Division of Molecular 

Medicine, Rudjer Boskovic Institute, Zagreb, Croatia; Department of Psychology, Catholic University of 

Croatia, Zagreb, Croatia 

Copper is an essential transition metal with multiple cellular functions mainly related to diverse types 

of oxidation and reduction reactions. Although mechanisms of copper storage and availability are 

tightly regulated, some factors, such as occupational hazard, environmental contamination and inborn 

errors of Cu metabolism, may overwhelm intracellular storage capacity, leading to copper 

accumulation and undesirable cellular effects. Deregulation of copper homeostasis is recognized as an 

important factor in the etiology of a number of devastating neurodegenerative disorders, including 

Alzheimer's disease, Parkinson's disease and amyotrophic lateral sclerosis. The aim of the present 

study was to investigate potential neuroprotective effects of flavonoid quercetin, one of the most 

potent scavengers of reactive oxygen species (ROS), against copper-induced toxicity and to elucidate 

mechanisms of its action at the molecular and cellular level in the culture of differentiated P19 

neurons. 

P19 neurons were obtained by the differentiation procedure from the P19 mouse embryonal 

carcinoma cells in the presence of retinoic acid, and were exposed to quercetin and copper for 24 h. 

Survival of P19 neurons in the presence of copper, quercetin and inhibitors of signalling pathways was 

determined by the colorimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) 

assay. ROS accumulation was measured by the assay that utilizes the cell permeable substrate, 2’,7’- 

dichlorofluorescin diacetate. Changes in the nuclear condensation that are characteristic for the 

programmed type of cell death were assessed by Hoechst staining. Measurement of the activities of 

key apoptotic markers caspase-3 and -7 was performed with Apo-ONE® Homogeneous Caspase-3/7 

Assay (Promega). Copper- and quercetin-induced changes in the protein expression were determined 

by the Western blot method.  

In a dose-dependent manner, a concomitant treatment with quercetin improved viability of 

moderately-injured P19 neurons exposed to 0.5 mM CuSO4 for 24 h. Quercetin decreased ROS 

formation and prevented caspase-3/7 activation and chromatin condensation. Neuroprotective effects 

of quercetin were pharmacologically prevented by the inhibition of ERK1/2 and phosphoinositide 3-

kinase/Akt signalling by exposure to UO126 and wortmannin, respectively. Preliminary results indicate 

that treatment with copper and quercetin also affected expression of transcription factor p53 at the 

protein level. In neurons that were more severely damaged by exposure to 1 mM CuSO4, quercetin 

exerted strong pro-oxidative action and further exacerbated cytotoxic effects. 

Quercetin exerted beneficial and desirable pro-survival effects in moderately injured neurons by 

affecting intracellular signalling pathways and attenuating ROS production, but was also able to 

enhance pro-oxidative copper-effects with detrimental biological consequences at higher copper 

concentrations. As herbal formulations are nowadays widely used in the prevention and therapy of 

oxidative-stress driven neuronal injuries, observed findings indicate that caution is required about 

taking dietary antioaxidative supplements and also for the future development of novel therapeutic 

drugs that are based on the structural backbone of the natural polyphenolic compounds.  
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Serotonergic markers of insomnia in PTSD 

Konjevod M, Tudor L, Nedid Erjavec G, Nikolac Perkovid M, Uzun S, Kozumplik O, Švob Štrac D, 

Pivac N 

Division of Molecular Medicine, Rudjer Boskovic Institute, Zagreb, Croatia; University Psychiatric 

Hospital Vrapče, Zagreb, Croatia; School of Medicine, University of Osijek, Osijek, Croatia 

Post-Traumatic Stress Disorder (PTSD) is a complex psychiatric disorder that develops after traumatic 

experience(s). Sleep disorders, including nightmares and insomnia, are one of the main features of 

PTSD. Although the neurobiological basis of PTSD is unclear, it involves complex interactions of genetic 

and environmental factors. Due to its role in controlling mood, arousal, and sleep, serotonin system is 

important for development of PTSD symptoms. The aim of the study was to determine the possible 

association of serotonin transporter (5-HTT) gene polymorphism and platelet serotonin concentration 

with sleep disorders in patients with PTSD. The study enrolled 393 Croatian male war veterans with 

PTSD from the University Psychiatric Hospital Vrapce, Zagreb, Croatia. The diagnoses of PTSD, 

comorbid psychiatric disorders and various sleep disorders have been made using Structured Clinical 

Interview (SCID) based on DSM-IV criteria, the Hamilton Rating Scale for Anxiety (HAMA), the 

Hamilton Depression Scale (HDRS) and the Clinician Administered PTSD Scale (CAPS). Veterans with 

PTSD were divided into those with or without insomnia and other sleep disorders (nightmares, 

interrupted sleep). After isolation of DNA from blood using salting out method, the genotyping of 5-

HTTLPR polymorphism in the serotonin transporter gene was performed using polymerase chain 

reaction and specific primers. The DNA fragments were separated on a 2% agarose gel and visualized. 

The serotonin concentration in platelets isolated from the blood by a series of centrifugation was 

determined spectrophotometrically. Statistical analyses were performed with GraphPad Prism version 

4.00. This work was supported by Croatian Science Foundation grant IP-2014-09-4289. 5-HTTLPR 

polymorphism genotypes were similarly distributed in veterans with PTSD and control subjects. The 

distribution of 5-HTTLPR polymorphism genotypes was also similar in veterans with PTSD with and 

without comorbid depression, while platelet serotonin concentrations were lower in veterans with 

PTSD and comorbid depression in comparison to veterans without comorbid depression. Higher 

platelet serotonin concentration and higher incidence of LL 5-HTTLPR polymorphism genotypes 

compared to S alleles was found in veterans with PTSD with symptoms of early insomnia compared to 

veterans without early insomnia. In veterans with PTSD and comorbid depression, various sleep 

disorders were not associated with 5-HTTLPR polymorphism genotypes or with altered platelet 

serotonin concentration. Early insomnia was the sleep disturbance significantly associated with the 5-

HTTLPR polymorphism in the serotonin transporter gene (over-representation of the LL genotype) and 

higher platelet 5-HT concentration in veterans with PTSD without comorbid depression. Other sleep 

disturbances were not associated with 5-HTTLPR polymorphism genotypes or platelet 5-HT 

concentration in veterans with PTSD with or without comorbid depression. Further studies with larger 

groups should clarify the role of serotonergic system in sleep disturbances in PTSD.  
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Difference in the incidence of dreaming between men and women after gastrointestinal 

endoscopy in intravenous propofol anesthesia 

Matus H, Rakipovid A, Borzan V, Kvolik S  

Faculty of medicine, Josip Juraj Strossmayer University of Osijek, Croatia 

The aim of this study was to compare the incidence of dreaming between men and women after 

propofol anesthesia. We also investigated differences in demographic characteristics, duration of 

anesthesia, propofol dose, arterial blood pressure levels, pulse and bispectral index between those 

who have had dreams and those who have not. 

Total of 95 patients undergoing gastrointestinal endoscopy at University Hospital Osijek participated in 

this prospective observational study, there were 40 men and 55 women. Written informed consent 

was obtained from all participants. Demographic characteristics were noted before anesthesia. 

Propofol dose was titrated individually until a patient was unresponsive to painful stimuli while 

maintaining spontaneous breathing. Arterial blood pressure, pulse and bispectral index were 

monitored in typical intervals. On the emergence from anesthesia, patient's face expression was rated 

numerically by the examiner. Afterwards, the patients were asked whether their dreams had been 

pleasant or not.  

The presence of dreams was registered in 40 patients; 20 men and 20 women. There were no 

significant differences in demographic characteristics, duration of anesthesia, propofol dose, pulse and 

bispectral index values between dreamers and non-dreamers.  Systolic arterial pressure was 

significantly lower at the moment of emergence in those who have had dreams (105.3 with SD 17,9 vs. 

114.4 with SD 22.8 mmHg, t-test, P=0,038). There was a significant difference between the observer’s 

rating of facial expressions in the group with pleasant dreams and in non-dreamers (1.7 with SD 1.0 vs. 

1.0 with SD 1.3; t-test, P=0.005). 

Patients who have had dreams emerged from anesthesia with significantly more pleasant face 

expression and lower systolic blood pressure than those who haven’t. There were no other significant 

differences between the groups. 
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