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The growth and regeneration of axons:
an in vitro model for studying interactions in 3D

Gerardo-Nava ).}, Hodde D.}, Katona 1.}, Bozkurt A.2,
Grehl T.3, Steinbusch H.W.M.#, Weis J.1, Brook G.A.!

Institute of Neuropathology, Uniklinik RWTH Aachen, Aachen 52074,
Germany

2Department of Plastic, Hand and Burns Surgery, Uniklinik RWTH
Aachen University, Aachen, Germany

3Department of Neurology, Ruhr-University Bochum, BG-Kliniken
Bergmannsheil GmbH, Bochum 44789, Germany

“Department of Translational Neuroscience, Maastricht
University Medical Center, Maastricht, The Netherlands

Investigations of the factors influencing mammalian
axonal growth and regeneration are currently addressed
using a range of in vitro and in vivo models. The in vitro
models often employ relatively simple 2D culture sys-
tems (or the more recent development of axon diodes in
micro-fluidics [5,6]) and present the advantage of ready
access, manipulation and visualization of the axons and
the environment in which they are growing. The in vivo
models employ relatively expensive laboratory animals
and present the advantage of studying axon growth
in a more natural 3D environment of supporting cells
and extracellular matrix. Our earlier in vitro attempts to
demonstrate the support of axon regeneration by 3D bio-
engineered scaffolds involved the use of explanted dor-
sal root ganglia (DRG) obtained from adult rats [2,3]. This
approach has been useful for demonstrating the influence
of the scaffold on the properties of glial cell adhesion, pro-
liferation, migration and process extension as well as on
axon regeneration and orientation of growth. However,
such studies were limited sensory neurons which are easy
to dissect and can be maintained in culture for extended
periods of time. However, patterns of DRG axonal growth
do not necessarily reflect those that may be demonstrated
would be expected by motor axons: differences in axonal
growth between the motor and sensory neurons (in both
in vivo and in vitro models) have been demonstrated by
others in response to specific cellular and molecular cues,
including differences when presented with environments
containing a range of growth factors [1]. Such differenc-
es highlight the value of assays capable of evaluating
neuron subtype-specific responses to their environment.
Here, we describe the use of the in vitro organotypic spinal
cord slice preparation for the investigation of motor axon
regeneration from early post natal (P7-P9) rat pups and
demonstrate the influence of scaffold microstructure on
the trajectories the axons (for a complete description see
Gerardo-Nava and colleagues [4]). To date, in vitro inves-
tigations of such motor axon-3D scaffold interactions
remain poorly characterized, largely due to the difficulties
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of culturing motor neurons (MN) for extended periods in
vitro. The organotypic spinal cord slice preparation has the
advantage of studying motoneurons in a relatively normal
cellular niche of the ventral horn gray matter in which
their survival and axonal regeneration can be maintained
for many weeks or even months.

The rat pup spinal cords were rapidly isolated in ice-
cold Gey’s balanced salt solution and the dura mater and
superficial blood vessels carefully removed. The lumbar
spinal cord was sectioned transversely (350 pm thick) with
a Mcllwain tissue chopper and the slices transferred to
Millicell membrane inserts where previously dissected ven-
tral roots or biomaterials (fibrin hydrogel or orientated col-
lagen scaffold, Matricel GmbH) could be carefully apposed
to the ventral surface of the slices (as described by Vyas
and colleagues [7]). The preparations were then main-
tained in an incubator at 37°C with 5% CO,,.

Myelin clearance within the explanted ventral roots
was rapid with the events following a similar pattern to
that already described for Wallerian degeneration in vivo.
By 7-14 days in culture, axons regenerated for substantial
distances along the explanted nerve root, with most axons
following a trajectory within the root itself. The interac-
tions between regenerating motor axons and Schwann
cells revealed different stages of maturity from simple, ini-
tial axon-Schwann cell contacts, to the ensheathment and
the formation of compact myelin surrounded by basal lam-
ina. A similar sequence of events could also be seen with-
in the longitudinally orientated porous framework of the
collagen scaffold, however, these interactions took place
between migrating Schwann cells (from the residual root
stumps remaining at the ventral surface of the slice) and
the regenerating motor axons which formed longitudinally
orientated fascicles. Although similarly extensive Schwann
cell migration and axon growth was also supported by the
fibrin hydrogel, the trajectory of both cells and axons fol-
lowed the surface of the hydrogel rather through it.

Although the organotypic spinal cord preparation is
capable of reproducing many of the events taking place
in PNS Wallerian degeneration with subsequent axonal
regeneration, the model has clear limitations, including
the lack of any functioning vasculature, an incomplete
immune system and the absence of appropriate end
organ targets for the regenerating motor axons. However,
despite these limitations, the model affords a number of
significant advantages over assays that attempt to employ
cultures of freshly isolated embryonic motor neurons (or
cells lines), or studies involving laboratory animals. These
include the simplicity and ease of preparation, the length
of time such preparations can be maintained and the
financial and ethical benefits of reducing the number of
animals required to perform such studies. The model thus
represents, in our opinion, an excellent platform for inves-
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tigating how regenerating motor axons interact with any
3D growth-promoting environment and can be used as
a cost-effective means of screening or assaying bioengi-
neered scaffolds or the mechanism of action of drugs and
bioactive agents that modify axon growth and regenera-
tion.
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Use of induced pluripotent stem cells -
derived neurons for disease modeling
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Yamanaka’s breakthrough discovery of cell reprogram-
ming, awarded with the Nobel Prize in Physiology or Medi-
cine in 2012, showed that the fate of differentiated somatic
cells is not definitively defined and can be changed [14,15].
Yamanaka’s strategy relied on over expression of transcrip-
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tion factors required for pluripotency such as Oct4 (octa-
mer-binding transcription factor 4), KIf4 (Krueppel-like fac-
tor 4), Sox2 (sex determining region Y-box 2), and c-Myc
[14,15] in differentiated cells (e.g., fibroblasts). Cells mod-
ified in that way change their morphology to embryonic
stem cell-like one, start expressing genes, normally only
active in cells of the embryonic node, in the early stages
of embryonic development and can be differentiated in all
cell types characteristic of the three germ layers, includ-
ing those that morphology and profile of protein produced
resembled neurons. Therefore they were called induced
pluripotent stem cells (iPSC).

While virus-based reprogramming technology is cur-
rently one of several options [1,17], it is still the most
popular one and gives researchers an easy access to
human cells that were previously unavailable or difficult
to achieve, such as neural stem cells or different types of
neurons[3,5,7,8,13]. In addition to reprogramming followed
by differentiation, recently a new technology of direct
change, both in vitro and in vivo, of differentiated cells
(fibroblasts, astrocytes) to neurons (transdifferentiation)
emerged[12,16]. Animmediate consequence of these tech-
nologies was development of a number of cellular models
of the nervous system diseases. These models are used
both to explore the cellular mechanisms of these diseases
and for the development of new pharmacological strate-
gies as well as nuclease based correction of genetic defects.

Thus far, induced pluripotent stem cell-derived neu-
rons (iPSC-N) and induced neurons (IN) have been already
obtained from patients with several neurological disorders
including neurodegenerative diseases (e.g., amyotrophic
lateral sclerosis [ALS], Parkinson’s [PD], Alzheimer’s [AD]
and Huntington’s disease [HD], neurodevelopmental dis-
eases (e.g., fragile X syndrome, Rett syndrome) and psychi-
atric disorders (e.g., schizophrenia) [3,5,7,8,13]. In majority
of cases researchers’ efforts focused on reproducing basic
cellular features of selected diseases. Yet, in few cases new
interesting observations concerning disease mechanism
have been made and schizophrenia, ALS and PD can serve
as good examples. Brennand et al. [2] using schizophrenic
patients’ iPSC-N revealed disturbed dendritic arbor mor-
phology and decreased synaptic connectivity. In iPSC-N
derived from ALS patients carrying mutations in TDP-43
(TAR DNA-binding protein 43), Egawa et al. [6] discovered
that changes in RNA metabolism likely underlay sensitivity
of these cells to oxidative stress. Last but not least, Belmon-
te group discovered new feature of PD caused by LRRK2
(leucine-rich repeat kinase 2) mutations, namely death of
neuroprecursors, which may explain cognitive dysfunc-
tions observed in course of PD [10]. It is worth stressing
that most ambitious projects assume the use of iPSC-N
to search for new drugs. Although this type of exploration
requires testing hundreds of thousands of substances, pre-
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viously published work focused on testing only a few sub-
stances at the same time [2,6,11]. Yet, it should be stressed
that some of these studies brought interesting results, e.g.
use of anacardic acid for protecting ALS-derived iPSC-N
against arsenate induced cell death [6].

Among the diseases that have not been yet model-
ed with use of iPSC-N is Tuberous sclerosis (TSC). TSC is
a developmental disease caused by mutations in genes
encoding either hamartin or tuberin and manifested by
tumor development, epilepsy and autism [4]. On the cellu-
lar level the major characteristic of this disease are hyper-
trophy and mTOR signaling hyperactivation [9]. While the
hyperactivation of the mTOR pathway is considered as
one of the major causes of the pathology it is not clear
what molecular mechanisms downstream of this multi-
task homeostatic kinase are involved in TSC development.
Using overexpression of Oct4, KIf4, Sox2 and c-Myc we
established several iPSC lines from patients with muta-
tions in TSC1, which were differentiated to iPSC-N (FENS
Abstract, Volume 6, p093.06, 2012). The TSC patient-de-
rived iPSC-N are characterized by hypertrophy, disturbed
overall morphology and increased mTOR activity (e.g.,
increased phosphorylation of ribosomal protein S6). Thus,
we show that these iPSC-N recapitulate major cellular
defects observed in TSC patients and therefore can be
used for further search for molecular mechanisms contrib-
uting to TSC development.

This work has been financed by ERA-NET NEURON/
06/2011 “AMRePACELL” (co-financed by NCBIR) to JJ and
Homing Plus programme (HOMING PLUS/2012-5/6) of the
Foundation for Polish Science, cofinanced from the European
Union under the European Regional Development Fund to EL.

References

1. Bayart E, Cohen-Haguenauer O. Technological overview of iPS
induction from human adult somatic cells. Curr Gene Ther 2013;
13: 73-92.

2. Brennand KJ, Simone A, Jou J, Gelboin-Burkhart C, Tran N, San-
gar S, Li Y, Mu Y, Chen G, Yu D, McCarthy S, Sebat J, Gage FH.
Modelling schizophrenia using human induced pluripotent
stem cells. Nature 2011; 473: 221-225.

3. Chailangkarn T, Acab A, Muotri AR. Modeling neurodevelop-
mental disorders using human neurons. Curr Opin Neurobiol
2012; 22: 785-790.

4. Curatolo P Bombardieri R, Jozwiak S. Tuberous sclerosis. Lancet
2008; 372: 657-668.

5. Dolmetsch R, Geschwind DH. The human brain in a dish: the
promise of iPSC-derived neurons. Cell 2011; 145: 831-834.

6. Egawa N, Kitaoka S, Tsukita K, Naitoh M, Takahashi K, Yamamo-
to T, Adachi F, Kondo T, Okita K, Asaka I, Aoi T, Watanabe A, Yama-
da ¥, Morizane A, Takahashi J, Ayaki T, Ito H, Yoshikawa K, Yama-
waki S, Suzuki S, Watanabe D, Hioki H, Kaneko T, Makioka K,
Okamoto K, Takuma H, Tamaoka A, Hasegawa K, Nonaka T,

Folia Neuropathologica 2014; 52/3

Hasegawa M, Kawata A, Yoshida M, Nakahata T, Takahashi R,
Marchetto MC, Gage FH, Yamanaka S, Inoue H. Drug screening
for ALS using patient-specific induced pluripotent stem cells.
Sci Transl Med 2012; 4: 145ral04.

7. Han SS, Williams LA, Eggan KC. Constructing and deconstruct-
ing stem cell models of neurological disease. Neuron 2011; 70:
626-644.

8. Koch B Kokaia Z, Lindvall O, Brustle O. Emerging concepts in
neural stem cell research: autologous repair and cell-based dis-
ease modelling. Lancet Neurol 2009; 8: 819-829.

9. Kwiatkowski DJ. Tuberous sclerosis: from tubers to mTOR. Ann
Hum Genet 2003; 67: 87-96.

10. Liu GH, Qu J, Suzuki K, Nivet E, Li M, Montserrat N, Yi F Xu X,
Ruiz S, Zhang W, Wagner U, Kim A, Ren B, Li Y, Goebl A, Kim J,
Soligalla RD, Dubova I, Thompson J, Yates J, 3rd, Esteban CR,
Sancho-Martinez |, Izpisua Belmonte JC. Progressive degenera-
tion of human neural stem cells caused by pathogenic LRRK2.
Nature 2012; 491: 603-607.

11. Marchetto MC, Carromeu C, Acab A, Yu D, Yeo GW, Mu Y,
Chen G, Gage FH, Muotri AR. A model for neural development
and treatment of Rett syndrome using human induced pluripo-
tent stem cells. Cell 2010; 143: 527-539.

12. Niu W, Zang T, Zou Y, Fang S, Smith DK, Bachoo R, Zhang CL. In
vivo reprogramming of astrocytes to neuroblasts in the adult
brain. Nat Cell Biol 2013; 15: 1164-1175.

13. Robinton DA, Daley GQ. The promise of induced pluripotent
stem cells in research and therapy. Nature 2012; 481: 295-305.

14. Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, Tomo-
da K, Yamanaka S. Induction of pluripotent stem cells from adult
human fibroblasts by defined factors. Cell 2007; 131: 861-872.

15. Takahashi K, Yamanaka S. Induction of pluripotent stem cells
from mouse embryonic and adult fibroblast cultures by defined
factors. Cell 2006; 126: 663-676.

16. Vierbuchen T, Ostermeier A, Pang ZPR, Kokubu Y, Sudhof TC, Wer-
nig M. Direct conversion of fibroblasts to functional neurons by
defined factors. Nature 2010; 463: 1035-1041.

17. Zhou YY, Zeng F. Integration-free methods for generating induc-
ed pluripotent stem cells. Genomics Proteomics Bioinformatics
2013; 11: 284-287.

Biogenesis, transport and degradation
of mitochondrial proteins

Chacinska A.

International Institute of Molecular and Cell Biology, Warsaw,
Poland

Mitochondria play an important role in variety of meta-
bolic and regulatory processes and their dysfunction leads
to life threatening disorders. About 1000-1500 proteins are
needed to build this essential organelle. The large majority
of mitochondrial proteins is synthesized on the cytosolic
ribosomes, and after completion of their synthesis must
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be properly targeted to mitochondria. After synthesis,
precursors of mitochondrial proteins are directed to the
TOM complex and subsequently to specific mitochondrial
import machineries that are responsible for their sorting.
Proteins destined to the intermembrane space of mitochon-
dria follow the mitochondrial intermembrane space import
and assembly (MIA) pathway. The MIA pathway provides
an efficient and redox-dependent mechanism for trapping
substrate proteins in the intermembrane space of mito-
chondria. The cytosolic steps that precede mitochondrial
import have not been well understood. We identified a role
for the ubiquitin-proteasome system in the biogenesis of
the intermembrane space proteins. The ubiquitin-proteas-
ome system persistently removes a fraction of intermem-
brane space proteins under physiological conditions, acting
as a negative regulator in the biogenesis of this class of pro-
teins. Moreover, based on unbiased proteomic approaches,
we discovered that mitochondria play a role in the regula-
tion of cellular protein homeostasis.

Mechanisms of neuroprotection by ischemic
preconditioning: synaptic and mitochondrial
modifications

Perez-Pinzon M.

Department of Neurology, University of Miami, Miller School
of Medicine, Miami, USA

Ischemic Preconditioning (IPC) has been shown to be
a robust neuroprotective approach to protect against cer-
ebral ischemia. IPC is modelled when tissues are exposed
to mild ischemic insults and after a period of recovery
they become highly resistant to a subsequent, more lethal
ischemic insult. My laboratory has demonstrated that
the ischemic tolerance that ensues following IPC occurs at
the level of mitochondria and by modifications in synap-
tic function. Mitochondria are key players in ischemic/
reperfusion injury hours to days following cerebral
ischemia and thus an important target for IPC-induced
neuroprotection. Excitotoxicity following cerebral ischemia
plays a major role in the pathology that ensues following
cerebral ischemia. This presentation will summarize sever-
al signaling pathways involved in mitochondrial and syn-
aptic neuroprotection against ischemia following IPC.

These studies were supported by National Institutes
of Health Grants NS45676-01, NS054147-01 and NS3477 3.
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Two faces of ER stress-from cancer
to neurodegenerative diseases

Piwocka K.1, Kusio-Kobialka M.1, Dudka-Ruszkowska W.1,
Brewinska-Olchowik M., Krysa W.2, Rakowicz M.?2,
Stepniak 1.2, Sulek A.2

INencki Institute of Experimental Biology, Warsaw, Poland
2Institute of Psychiatry and Neurology, Warsaw, Poland

Endoplasmic reticulum (ER) is the site where proteins
folding and assembly occurs. A number of stimuli, such as
perturbations in calcium homeostasis or redox state, accu-
mulation of misfolded proteins, glucose deprivation, and
altered glycosylation disrupts ER homeostasis and induc-
es ER stress. Mild chronic ER stress allows for adaptation
and leads to permanent changes in cellular function and
activation of pro-survival mechanisms, whereas excessive
stress activates cell death execution. The balance between
adaptation versus cell death has a tremendous physiologi-
cal importance. The UPR (Unfolded Protein Response) acti-
vates three signaling branches participating in regulation
between survival and apoptosis upon ER stress. Activation
of the ER stress signalling can play an opposite role in can-
cer and neurodegenerative diseases. In cancer, activation
of the UPR response plays predominantly a prosurvival and
protective role, but can also correlate with induction of cell
death. Previously, the cytoprotective function was mostly
correlated with solid tumors. However, we showed that
mild ER stress and one of the UPR branches are activated
in chronic myeloid leukemia cells, and are connected with
the disease progression and resistance to imatinib ther-
apy. Attenuation of this pathway in CML cells led to inhi-
bition of proleukemic signaling, apoptosis and increased
sensitivity to imatinib. On the other hand, disturbed levels
of endoplasmic reticulum stress (ER) markers were already
observed in post-mortem brains, mouse models and cell
cultures derived from patients with Alzheimer’s (AD), Par-
kinson’s or Huntington’s disease (HD), highlighting the role
of ER stress in the neurodegeneration. Moreover, targeting
the UPR elements seems to be an interesting strategy to
prevent loss of neurons. It was also reported that UPR pro-
teins are activated in blood cells of AD patients, suggest-
ing that peripheral cells may serve as a model to study
the disease pathophysiology. In HD mutated huntingtin
aggregates provoke ER stress and the UPR. We performed
pilot studies to verify the hypothesis that level of some ER
stress mediators may serve as a peripheral biomarker in
HD patients, correlating to disease stage and number of
CAG repetitions in carriers of CAG expansion in HTT locus.
We assume that pathophysiological processes appear in
HD prior to clinical manifestations, and this study was
done to look for the biomarkers correlating to the disease
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progression and indicators of the compensative mecha-
nisms efficiency in asymptomatic subjects. Understanding
the complexity of ER stress response in cancer and neuro-
degeneration is necessary and may help to improve cur-
rent, and discover novel therapeutic strategies.

This work was supported by grants 2011/01/B/NZ3/
02145and 2013/10/E/NZ3/00673 fromthe National Science
Centre in Poland.

Astrocytes ER Ca?* signalling and its
pathological relevance

Verkhratsky A.

The University of Manchester, Manchester, United Kingdom

The evolution of the central nervous system (CNS)
resulted in an appearance of highly specialised neuronal
networks optimised for rapid information transfer. In
the course of this specialisation neuronal cells lost their
metabolic independence and the ability to survive in the
absence of homeostatic systems. These homeostatic sys-
tems, represented by neuroglia regulate all aspects of
CNS function in physiological and pathological conditions.
The neurological diseases should be therefore consid-
ered as primary gliopathologies, which determine the
progression and outcome of neuropathological process.
Glial function is intimately regulated by cellular calcium
signalling that underlies the specific form of “glial calci-
um excitability”. Glial Ca?* signals are triggered by activa-
tion of multiple receptors, and are primarily driven by Ca?*
release from the endoplasmic reticulum. In this review we
summarise the role of glial calcium signalling in various
forms of pathological processes including neurological and
psychiatric disorders and neurodegeneration.

Who is running your gut?
The gut-brain axisin brain metastasis
formation by polychlorinated biphenyls

Toborek M.

Department of Biochemistry and Molecular Biology, University
of Miami School of Medicine, USA

The gut microbiome is a dynamic bacterial community
that interacts with the host and closely relates to human
health by regulating energy metabolism and immune func-
tions. Each host has a unique composition of gut microbi-
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ota, which implies highly individual responses to environ-
mental stressors and suggests a role for gut microbiota in
future personalized health strategies. However, the influ-
ence of the microbiome on the toxicity of environmen-
tal pollutants and its role in risk assessment are largely
unknown. In addition, there is an emerging interest in the
role of behavioral factors in modulating toxicity of envi-
ronmental pollutants. While the role of nutrition has been
explored, the impact of exercise on the health effects of
toxicants is not known. Because exercise can influence the
outcomes of disorders known to be associated with altera-
tions of the gut microbiome, we hypothesized that physical
activity may affect the composition of the gut microbiota
and thus influence the impact of environmental toxicants.
In order to address this hypothesis, we investigated the
effects of polychlorinated biphenyls (PCBs) and exercise on
the composition and structure of the gut microbiome. In
addition, we related these results to PCB-induced develop-
ment of brain metastases [1,2]. Mice exercised voluntari-
ly for 5 weeks, followed by the exposure to a mixture of
environmentally relevant PCB congeners (PCB153, PCB138
and PCB180) for 48 h. The microbiome was assessed by
determination of 16S rRNA. Oral exposure to PCBs disrupt-
ed the integrity of the gut barrier function and significantly
altered the abundance of the gut microbiome primarily by
decreasing the levels of Proteobacteria. The activity level
correlated with a substantial shift in abundance, biodiver-
sity, and microbiome composition. Importantly, exercise
attenuated PCB-induced changes in the gut microbiome.
Oral exposure to PCBs facilitated the development of brain
metastases, the effects that was attenuated by exercise.
This study provides the first evidence that oral exposure
to PCBs can induce substantial changes in the gut micro-
biome, which may then influence their systemic toxicity.
Importantly, these changes can be attenuated by behavio-
ral factors, such as voluntary exercise.
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Uptake and toxicity of metal containing
nanoparticles in brain cells

Dringen R.

Centre for Biomolecular Interactions Bremen, University

of Bremen, PO. Box 330440, D-28334 Bremen, Germany

Centre for Environmental Research and Sustainable Technology,
University of Bremen, Leobener Strafle, D-28359 Bremen,
Germany

Metal-containing nanoparticles (NPs) have gained con-
siderable interest during the last decade due to their excit-
ing properties as antibacterial agents, for consumer prod-
ucts as well as for technical applications and diagnostics.
Due to their frequent use, the likelihood that brain cells will
encounter such NPs has strongly increased. To investigate
potential adverse effects of NPs on brain cells, we have
studied the biocompatibility, the uptake and the metab-
olism of metal-containing NPs such as iron oxide NPs
(IONPs), copper oxide NPs (CUONPs) and silver NPs (AgNPs)
on cultured primary brain cells. Cultured astrocytes, neu-
rons and microglial cells accumulated IONPs efficiently in
a time-, concentration- and temperature-dependent man-
ner. However, despite of an accumulation of large amounts
of iron in IONP-treated astrocytes and neurons, the via-
bility of these brain cells was not compromised. In con-
trast, accumulated IONPs were toxic for microglial cells,
most likely due to the rapid uptake and transfer of the
IONPs into the lysosomal compartment which facilitates
the liberation of iron ions from the accumulated particles.
The presence of fetal calf serum in the incubation medium
strongly decreased the rate of IONP uptake into brain cells.
While some inhibitors of endocytotic pathways lowered
IONP accumulation in serum-containing medium, these
inhibitors did not affect the rapid IONP accumulation in
serum-free conditions. Astrocytes that had been exposed
to IONPs for only 4 h remained viable for up to 7 days,
hardly releasing any iron during this incubation period and
showed a transient appearance of reactive oxygen spe-
cies and a strong upregulation of the iron storage protein
ferritin. Similarly, AgNP-treated astrocytes were not com-
promised in their viability and increased their content of
metal-storing metallothioneins. These data demonstrate
that cultured brain astrocytes deal well even with large
amounts of iron or silver that are accumulated as IONPs
or AgNPs. In contrast, the treatment of cultured astro-
cytes with CuONPs caused severe oxidative stress-medi-
ated toxicity that was prevented by copper chelators, sug-
gesting that rapid liberation of copper from accumulated
CuONPs is involved in the observed toxicity of these NPs
to astrocytes. These data demonstrate that different brain
cell types differ in their vulnerability to one type of metal-
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containing NPs and that NP toxicity on a given type of
brain cells strongly depends on the content of applied NPs.

Impairment of glutamine/glutamate-y-
aminobutyric acid cycle in manganese
toxicity in the central nervous system

Sidoryk-Wegrzynowicz M.

Cambridge Centre of Brain Repair, University of Cambridge,
Cambridge, United Kingdom

Manganese (Mn) is an essential trace element that is
required for maintaining the proper function and regula-
tion of many biochemical and cellular reactions. Despite
its essentiality, at excessive levels Mn is toxic to the cen-
tral nervous system (CNS). The overdose accumulation of
Mn in specific brain areas, such as the substantia nigra,
the globus pallidus and the striatum, triggers neurotoxi-
city resulting in a neurological brain disorder, referred to
as manganism. Mn toxicity is associated with the disrup-
tion of glutamine (Gln)/glutamate (Glu) GABA cycle (GGC).
The GGC represents a complex process, since Gln efflux
from astrocytes must be met by its influx in neurons. Mn
toxicity is associated with the disruption of both of these
critical points in the cycle. In cultured astrocytes, pre-treat-
ment with Mn inhibits the initial net uptake of Gln in
a concentration-dependent manner. Mn added directly to
primary culture of astrocytes induces deregulation in the
expression of SNAT3, SNAT2, ASCT2 and LAT2 transport-
ers and significantly decreases in Gln uptake mediated
by the transporting Systems N and ASC, and a decrease in
Gln efflux mediated by Systems N, ASC and L Further, Mn
disrupts Glu transporting systems leading to both a reduc-
tion in Glu uptake and elevation in extracellular Glu levels.
Interestingly, there appear to be common signaling targets
of Mn in GGC cycling in glial cells. Namely, the PKC signal-
ing is affected by Mn in glutamine and glutamate trans-
porters expression and function. Additionally, Mn dereg-
ulates GS expression and activity. Those evidences could
triggers depletion of glutamine synthesis/metabolism in
glia cells and consequently diminish astrocytic-derived
glutamine, while disruption of Glu removal/transport can
mediate dyshomeostasis in neurotransmission of func-
tioning neurons. Here we highlight the mechanistic com-
monalities inherent to Mn-neurotoxicity related to the
astrocyte pathology and GGC impairment.
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Cadmium as a pro-inflammatory factor.
Chosen cadmium neurotoxicity issues
Olszowski T.

Department of Hygiene and Epidemiology, Pomeranian Medical
University, Szczecin, Poland

Cadmium belongs to the environmental toxins that
constitute nowadays a serious problem for public health.
The aim of this paper is to summarize the existing state of
knowledge on the effects of cadmium on selected inflam-
matory mediators and markers, such as NF-kB, AP-1, IL-6,
TNF-a, IL-1B, IL-8, MPQ, iNOS, MMPs, COX-2, PGE,, ICAM-1,
VCAM-1, PECAM-1 and CRP in humans and rodents, both
in vitro and in vivo. Moreover, the results of the author’s
original research on the effects of cadmium on COX-1 and
COX-2 gene, protein expression and enzymatic activity in
THP-1 macrophages are presented. In addition, the litera-
ture review as regards the neurotoxic effects of cadmium in
humans and rodents is discussed. The effects on oxidative
stress, interference with calcium, interaction with other
metals, the impact on neurotransmitters, apoptosis induc-
tion, estrogen-like effects and epigenetic modification may
be the mechanisms underlying cadmium neurotoxicity.

New mechanisms of GPCRs function:
regulation by protein-protein interaction

Georgoussi Z.

Institute of Biosciences and Applications, Laboratory of Cellular
Signaling and Molecular Pharmacology, National Centre for
Scientific Research “Demokritos”, 15310 Ag. Paraskevi, Athens,
Greece

Evidence has demonstrated that G protein coupled
receptors (GPCRs) can physically interact with a variety of
accessory proteins, confirming that signal transduction of
these receptors is not restricted to heterotrimeric G protein
activation. Such interactions can alter the effectiveness of
agonist-driven cell signalling, determine the signals gen-
erated and alter the trafficking, targeting, fine tuning and
cellular localization of these receptors by providing a scaf-
fold that links the receptors to the cytoskeletal network
(Georgoussi et al. 2013). Opioid receptors which belong
to GPCRs modulate a variety of physiological responses in
the nervous system through activation of a diverse array
of effector systems ranging from adenylyl cyclase, ion
channels to other signalling intermediates. Opioid admin-
istration causes activation of several transcription fac-
tors, including CREB, NF-kB, STAT3 and STAT5A/B (Tso and
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Wong 2003; Mazarakou and Georgoussi 2005; Georganta
et al. 2010). Such parallel manifestations of opioid recep-
tor function suggest that these receptors are involved in
different signaling circuits that lead to alterations in target
gene expression in a pleiotropic fashion.

In the present study emphasis will be given to uncon-
ventional interacting partners of the p- and &-opioid re-
ceptors opioid receptors such as the regulators of G pro-
tein signalling (RGS) proteins and STAT5B. Evidence will be
presented on which RGS proteins opioid receptors inter-
act; how RGS4 and RGS2 confer selectivity to the receptors
to choose a specific subset of G proteins; how activation
of opioid receptors result in recruitment of RGS proteins
to the plasma membrane; and how RGS proteins exert
a differential modulatory effect in ERK1,2 phosphorylation,
agonist-driven inhibition of adenylyl cyclase and the inter-
nalization fate of opioid receptors. Moreover evidence will
be presented on how STAT5B associates with the §-opioid
receptor and forms selective pairs with selective Ga. and
Gy subunits and RGS proteins; and how activation of the
8-opioid receptor with selective agonists promotes a mul-
ti-component signaling complex involving the STAT5B
transcription factor and other signaling intermediates to
mediate neuronal survival and neurite outgrowth. Under-
standing the mechanism of intercellular communication
via G-protein-mediated signalling pathways in the nerv-
ous system is crucial for normal brain development and
regulation of adult neural processes. Thus, defining the
molecular determinants that control opioid receptor sign-
aling is important to address problems related to phenom-
ena such as pain perception, tolerance and dependence
that occur upon chronic opiate administration and define
whether disruption of such interactions may contribute to
the pathophysiology of nervous system related disorders
and to .the development of novel therapeutic strategies.

This work was supported by the EU «Normolife» (LSHC-
CT2006-037733) and the GSRT, Excellence Il grant 3722,
“NO-ALGOS”. Z.G patrticipates in the European COST Action
CM1207 (GLISTEN).

The role of opioid peptides under neuropathic
pain
Mika J.

Department of Pain Pharmacology, Institute of Pharmacology,
Polish Academy of Sciences, Cracow, Poland

Despite many advances, our understanding of the in-
volvement of endogenous opioid peptides in the develop-
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ment of neuropathic pain, is not fully understood. Many
recent studies show, that microglia cells play a crucial role
in the maintenance of neuronal homeostasis, therefore
pain may now be considered as neuro-immune disorder.
The microglial production of immune factors is believed
to play an important role in nociceptive transmission and
opioids effectiveness. Endogenous opioidergic neurotrans-
mission is found throughout the brain and spinal cord
and appears to influence many nervous system functions,
including nociception. Paradoxaly opioids can induce both,
analgesia and algesia. It has recently been hypothesized
that the imbalance between the pro- and anti-nociceptive
activity of peptides generated from opioid prohormones is
leading to the development of chronic pain. Our studies
show that minocycline reduced prodynorphin mRNA lev-
els that were previously elevated in the spinal cord and/or
dorsal root ganglia following sciatic nerve injury. Moreover,
the repeated administration of minocycline enhanced the
analgesic effects of low-dose dynorphin (0.15 nmol) and
prevented the development of flaccid paralysis following
high-dose dynorphin administration (15 nmol), suggest-
ing a neuroprotective effect. Minocycline diminished the
dynorphin(15 nmol)-induced upregulation of expression of
IL-1B and IL-6 within the spinal cord. These results suggest
an important role of these proinflammatory cytokines in
the development of the neurotoxic effects of dynorphin.
Additionally, our study of primary microglial cell culture
confirmed the presence of u- and x-opioid receptors. Fur-
ther, we provide the first evidence for the lack of §-opioid
receptors on microglial cells. Interestingly, the analgesic
effect of 8-opioid receptor ligands (DPDPE, deltorphine 1)
in neuropathic pain is not diminished in contrast to oth-
er opioid receptor ligands (morphine, DAMGO, U50.488H,
SNC80). In conclusion, our results underline the impor-
tance of neuro-glial interactions as evidenced by the
involvement of IL-1B and IL-6 and the minocycline effect
in dynorphin-induced toxicity, which suggests that drugs,
that alter the prodynorphin system could be used to a bet-
ter control of neuropathic pain. Our results suggest, that
8-opioid receptor agonists analgesia is different from anal-
gesia induced by p- and k-opioid receptors because it does
not dependent on injury-induced microglial activation.
Therefore, 3-opioid receptor agonists appear to be the best
candidates for new drugs to treat neuropathic pain.

NCNgrants 2011/03/B/NZ4/00042and 2012/06/A/NZ4/
00028.
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Peptides in neurological disorders

Nyberg F.

Department of Pharmaceutical Biosciences, Uppsala University,
Sweden

This presentation addresses past and current research
on various neuropeptides that have been implicated in
neurological complications, including drug addiction,
chronic pain, cognitive disiorders, anxiety, and brain injury.
However, considering the large and even increasing num-
ber of identified neuroactive peptides, it is necessary to
limit this presentation to a few peptides or peptide sys-
tems, which have received particular attention in relation
to these items. Among these are the opioid peptides, the
tachykinins, calcitonin gene-related peptide (CGRP), and
peptides belonging to the endocrine system. Most of these
neuropeptides are not only involved in pain processing and
drug addiction but are aso involved in the endogenous
mechanisms of regulating memory and cognitive function.
Also many of these neuroactive peptides are affected and
dysregulated at injury to the central nervous system (CNS).
The presentation also highlight some new aspects regard-
ing the possibility to use endocrine peptides to counteract
and repair brain damages induced by addictive drugs and
CNS injuries. It does not endeavor to fully cover the field
but it does aim to give an idea of how various neuropep-
tides may be involved in the control of various neurobe-
havior and how peptidergic systems are affected during
various diseases related to the CNS.

Peptides in angiogenesis. Development
of peptidomimetic inhibitors of VEGF
co-receptor NRP-1

Tymecka D.!, Fedorczyk F.!, Niescioruk A.}, Grabowska K.1,
Puszko A.l, Sosnowski P.!, Wilenska B.!, Witkowska E.%,
Perret G.Y.3, Starzec A.13, Misicka A.!

Faculty of Chemistry, Biological and Chemical Research Center,
University of Warsaw, Warsaw, Poland

2Mossakowski Medical Research Centre, Polish Academy

of Sciences, Warsaw, Poland

3Universite Paris 13, Li2P EA 4222, Bobigny, France

Angiogenesis, the growth of new capillary blood vessels
from existing ones, is an important physiological process
in embryogenesis, wound healing and reproduction. In
cancer, angiogenesis permits to develop a network of intra
tumour blood vessels supplying oxygen and nutrients thus
enhancing tumour growth. Therefore, compounds blocking
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angiogenesis could be prospective antitumour drugs, but
so far only a few angiogenesis inhibitors are used in the
clinic for the treatment of cancer.

One of the most important growth factors involved in
angiogenesis process is vascular endothelial growth fac-
tor-165 (VEGF c). VEGF, . signal is transduced via VEGF
receptors and significantly enhanced by association with
co-receptor NRP-1. Moreover, overexpression of NRP-1 was
found in different malignant cancer tissues. All these find-
ings suggest that NRP-1 could be involved in pathological
angiogenesis and inhibitors of NRP-1 have considerable
potential as novel antiangiogenetic and cancer therapeu-
tics.

As a starting point for our study of searching for anti-
angiogenic peptidomimetics we utilized a heptapeptide
ATWLPPR (A7R). It was shown that A7R binds to NRP-1 and
selectively inhibits VEGF, .. binding to NRP-1, and in vivo
treatment with A7R resulted in decreasing breast cancer
angiogenesis and growth [3]. The detailed studies have
shown the importance of C-terminal arginine and that
its shortest sequence preserving inhibitory activity is the
C-terminal tetrapeptide LPPR [2].

This presentation reports structure-activity relationship
studies of the tetrapeptide LPPR in order to understand the
structural determinants for inhibition of binding VEGF, .. to
NRP-1 by this tetrapeptide and to develop more resistant to
enzymatic degradation peptidomimetic NRP-1 inhibitors.
These compounds may serve as tools for the study of NRP-1
biology and provide a point of departure for development
of more potent anti-NRP-1 drugs in the future [1].

This work was supported by NCN grant no N 204
350940. Project was carried out with the use of CePT infra-
structure cofinanced by the European Union — the European
Regional Development Fund within the Operational Pro-
gramme “Innovative economy” for 2007-2013.
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Stroke-induced neurogenesis

Kokaia Z.

Stem Cell Center, Lund University, Sweden

Stroke is caused by occlusion of a cerebral artery,
which gives rise to focal ischemia with irreversible injury
in a core region and partially reversible damage in the sur-
rounding penumbra zone.

Stroke is the leading cause of disability in adult humans
in developed countries. After ischemic stroke neurons are
rapidly damaged and usually die but cellular loss can occur
hours and days thereafter. Stroke increases stem cell pro-
liferation in the subventricular zone (SVZ) and the gener-
ated neuroblasts migrate to the stroke-damaged area of
the brain where they become mature neurons. This pro-
cess may continue for several months and produce a signif-
icant number of new, functional neurons. The evidence of
increased neuroblast production after stroke has also been
demonstrated in human brain. A bulk of experimental evi-
dence supports the idea that the stroke-damaged adult
brain makes an attempt to repair itself by producing new
neurons also in areas where neurogenesis does not nor-
mally occur, e.g., striatum and cerebral cortex. Knowledge
about mechanisms regulating the different steps of neu-
rogenesis after stroke is rapidly increasing but still incom-
plete. The functional consequences of stroke-induced neu-
rogenesis and the level of integration of the new neurons
into existing neural circuitries are poorly understood. In
order to have a substantial impact on the recovery after
stroke, this potential mechanism for self-repair needs to
be markedly enhanced, primarily by increasing the survival
and differentiation of the generated neuroblasts. More-
over, for efficient repair, optimization of neurogenesis most
likely needs to be combined with promotion of other endo-
genous neuroregenerative responses, e.g., protection and
sprouting of remaining mature neurons, and transplanta-
tion of stem cell-derived neurons and glia cells.
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Injury-induced neurogenesis in the adult
striatum

Magnusson J.P.}, Géritz C.}, Tatarishvili J.2,
Smith E.M.K.3, Kokaia 2.2, Lindvall 0.2, Frisén ).!

Department of Cell and Molecular Biology, Karolinska Institute,
SE-171 77, Stockholm, Sweden

2Wallenberg Neuroscience Center, Lund Strategic Research
Center for Stem Cell Biology and Cell Therapy, Lund University
Hospital, SE-221 84 Lund, Sweden

3Division of Translational Cancer Research, Lund University,
SE-223 63 Lund, Sweden

The adult brain is not good at repairing itself. After
brain injury, functional recovery is generally restricted to
behavioral compensation and rewiring of spared circuits
and there is very limited, if any, replacement of dead neu-
rons. In the adult mammalian brain, neuron-producing
stem cells do exist in two spatially restricted regions, the
dentate gyrus of the hippocampus and the subventricu-
lar zone lining the lateral ventricles. These stem cells are
important for normal brain function and their primary
role does not seem to be to repair injuries; however, the
discovery of these cells has garnered much speculation
about whether the brain’s inherent capacity to make new
neurons can be harnessed to improve functional recovery
after injury. It is likely that a detailed understanding of the
mechanisms that govern adult neurogenesis will be cru-
cial if this prospect is to become reality. The striatum has
recently emerged as a brain region that sustains neuroge-
nesis into adulthood in humans; in addition, this region is
known to support injury-induced neurogenesis in animal
models of stroke. In my talk, | will discuss recent findings
regarding the extent, origin and molecular mechanisms
governing stroke-induced neurogenesis in the striatum —
results that highlight a previously unknown level of plas-
ticity in the adult brain.
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Intervertebral disc regeneration with the use
of autologous population of chondrocytes
and its analysis in terms of morphology

and activities

Abaaslam F.1, Wluka A.2, Gtowacki M.1, Czernicki Z.},
Lipkowski A.W.2

Department of Neurosurgery, Mossakowski Medical Research
Centre, Polish Academy of Sciences, Warsaw, Poland
2Department of Neuropeptides, Mossakowski Medical Research
Centre, Polish Academy of Sciences, Warsaw, Poland

Introduction: Lumbosacral spine pains affect nearly
80% of the population. In the last two decades various bio-
logical methods aimed at treatment of the intervertebral disc
diseases have been developed. Out of all methods, the cell
therapy based on the transplantation of autologous chon-
drocyte cells seems promising. This procedure stimulates the
matrix production, increases the population of chondrocytes
and equates the disturbed balance within the disc.

The aim of the study was to establish the best method
of obtaining chondrocytes for autologous cell transplanta-
tions in cases of intervertebral disc diseases. This project
takes into account the duration of the disease, the place
of collecting the material from the disc, the quantity of
the collected material and the degree of destruction of the
intervertebral disc, in order to derive the optimal, autolo-
gous material to be administered to the intervertebral
space during operation.

Material and methods: The population of the study
consisted of 47 patients whose age ranged from 18 to 40.
Those patients were diagnosed with a single-level lum-
bar degenerative disc disorder on the basis of clinical and
MRI examinations. The research topic of the present study
dealt with the chondrocyte cells culture derived from the
intervertebral disc by means of a single-level discectomy
at L4-S1 levels. The analysis also included the target mate-
rial removed from the intervertebral disc.

Results: The study revealed that the transplantation of
cultured cells produced a good radiological and clinical effect.
Tests in confocal microscope showed good integration of
transplanted cells with the matrix and their correct activity.
It was observed that the relation between the production of
typical components of the matrix-collagen |, Il, Ill, IV, prote-
oglycans, aggrecans and anomalous for the matrix-collagen
type IV in the initial material was appropriate.
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Conclusions: The conducted examinations show that
the transplantation of chondrocyte cells derived from the
culture to the previously operated intervertebral space sup-
presses degenerative processes of the disc and influences
its recreation. Tests in the light and confocal microscope
indicate a good integration of transplanted cells with the
matrix and their correct productive activity as the produc-
tion of typical components of the matrix-collagen I, I, 11l
IX, proteoglycans and aggrecans and anomalous for the
matrix-collagen type I. The examination of the matrix-col-
lagen type D could be the subject for future research. Such
research might verify the role of this collagen in a healthy
nucleus pulposus, and its functions in both processes of
degeneration and regeneration of the intervertebral disc.
To conclude, lack of inflammatory processes and other
clinical complications after the transplantation of cells
derived from the autologous chondrocytes culture show
that this procedure is safe and beneficial for patients.

|A2|

Adhesion to the endothelial wall — the crucial
step of cell homing into the tissue after their
systemic transplantation

Andrzejewska A.l, Nowakowski A.l, Janowski M.1.23,
Koniusz S.!, Walczak P.3, Grygorowicz T.%, Jablonska A.1?,
Lukomska B.!

INeuroRepair Department, Mossakowski Medical Research
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3Russel H. Morgan Vascular Biology Program, Division of MR
Research, The Johns Hopkins University School of Medicine,
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“4Laboratory of Advanced Microscopy Techniques, Mossakowski
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Poland

Application of mesenchymal stromal cells (MSCs) is
a new and promising approach for the treatment of neu-
rological disorders. The success of clinical application of
MSCs relies upon the efficient recruitment of these cells
into appropriate tissues. Systemic infusion of MSCs is pre-
ferred as a minimally invasive method of transplantation
however cell migration from the vasculature into injured
brain is inefficient. Leukocytes, circulating in the blood are
known for their ability to migrate through the endothe-
lial wall into surrounding tissues and this is a multi-step
process that includes rolling and adhesion to the endothe-
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lial cells. Initial capture of the leukocytes on the endothe-
lium is promoted by the adhesion proteins i.e. selectins
and integrins present on the leukocyte cell surface, inter-
acting with their specific ligands expressed on activated
endothelial cells. We hypothesize that the overexpression
of a4P1 (VLA-4) integrin in MSCs will enhance their migra-
tion towards ischemic brain regions after systemic trans-
plantation.

Material and methods: Human bone marrow mesen-
chymal stromal cells (hBM-MSCs) (Lonza) were employed.
Overexpression of a4 subunit of VLA-4 in hBM-MSCs was
obtained by mRNA-ITGA4 based transfection. The naive
(non-transfected) and modified (MRNA-ITGA4 transfect-
ed) hBM-MSCs were labelled with iron nanoparticles
coupled with Rhodamine-B (Molday, BioPAL) and used in
microfluidic assays with microchannels coated with TNF-o
activated rat brain endothelial cell line (RBE-4). The exper-
iments with microfluidic device are based on the use of
special microchannels, where laminar flow mimics physio-
logical blood flow in vivo. Microchannels are covered with
endothelial cells in the way that seeded cells resemble
physiological blood vessel wall by their shape and diame-
ter. The hBM-MSCs are forced to pass through microchan-
nels with the flow and their interactions and adhesion
rate to endothelial cells layer are assessed. The systemic
transplantation of 10°> naive hBM-MSCs labelled with iron
nanoparticles into internal carotid artery of ouabain-in-
duced stroke rat was observed using MRI. The displaying
was performed during the cells infusion and the day after
surgery.

Results and conclusions: During the in vitro observa-
tion naive hBM-MSCs interacted with rat endothelial cells.
After pressure-driven perfusion of hBM-MSCs through the
microfluidic channels even naive cells were found to roll
and be captured at the surface of endothelial cell layer.
The effect of a4B1 overexpression in MSCs on endothe-
lial adhesion is currently being investigated. The model
of microfluidic assay is a useful tool that can be used to
assess the adherent properties of engineered hBM-MSCs
before their intravenous or intra-arterial transplantation.
The in vivo MRI research revealed a huge loss of trans-
planted hBM-MSCs the day after surgery in comparison
to their amount observed directly after transplantation.
This may be caused by their weak adhesiveness. We hope
that our further study will show both in vitro and in vivo
enhanced adherent properties of engineered hBM-MSCs.

Supported by a NCR&D grant No 101 in ERA-NET NEU-
RON project: “MEMS-IRBI”.
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Hypoxic ventilatory response after central
dopamine receptor blockade in rat model
of Parkinson’s disease

Andrzejewski K.}, Budzinska K., Kaczynska K.?

IDepartment of Respiratory Research, Mossakowski Medical
Research Centre, Polish Academy of Sciences, Warsaw, Poland

2Laboratory of Respiratory Reflexes, Mossakowski Medical
Research Centre, Polish Academy of Sciences, Warsaw, Poland

Parkinson’s disease (PD) patients apart from motor
dysfunctions exhibit also respiratory disturbances such
as: dyspnea, restrictive pulmonary function, respiratory
dysrhythmias, upper airway dysfunction. Our study was
aimed to investigate the effect of impairment of nigrostri-
atal dopaminergic system on resting breathing and hypoxic
ventilatory response in experimental model of PD. Further,
the involvement of central dopamine D, receptors in the
hypoxic ventilatory response was examined. In our exper-
iments we used neurotoxin 6-hydroxydopamine (6-OHDA)
model with unilateral, double injection into the right medi-
al forebrain bundle (MFB).

The experiments were performed on adult Wistar
rats microinjected with 6-OHDA or vehicle according to
the stereotaxic coordinates. Ventilatory parameters: tidal
volume, minute ventilation, and frequency of breathing
were measured in conscious rats with the use of whole
body plethysmograph apparatus before and two weeks
following the lesion. Changes in body weight and behav-
ioral cylinder test were evaluated at the same time points
and compared with the results obtained in sham-operated
animals. Effects of centrally acting dopamine D, recep-
tor antagonist, haloperidol (1 mg/kg ip.), on ventilatory
responses during resting breathing and exposure to hypo-
xia (8%) were studied before and after 6-OHDA injection.

Two weeks after 6-OHDA treatment the cylinder test
displayed limb use asymmetry. Body weight showed lesser
increase in comparison to the sham-operated animals. No
effect of nigrostriatal pathway degeneration to the resting
normoxic respiration was observed. Injection of 6-OHDA
caused increase in tidal volume and decrease in respira-
tory rate during respiratory response to hypoxia with no
alteration in minute ventilation. Haloperidol treatment in
intact animals evoked significant increase in V; stimula-
tion in response to hypoxia. Fourteen days after lesion the
effect of haloperidol injection was not observed.

In conclusion, stimulatory action of haloperidol via D,
central dopamine receptor on tidal volume in reaction to
hypoxia suggests inhibitory involvement of central dopa-
mine to hypoxic ventilatory response. Augmentation of tid-
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al volume response to hypoxia present after lesion in the
MFB area, resulted from a deficit of dopamine connected
with degeneration of dopaminergic neurons evoked by
6-OHDA treatment.

|A4]

The influence of dopaminergic system lesion
and repeated administration of pramipexole
and imipramine on BDNF and trkB mRNAs
expression

Berghauzen-Maciejewska K., Wardsa J., Glowacka U.,
Kuter K., Mroz B., Ossowska K.

Department of Neuropsychopharmacology, Institute
of Pharmacology, Polish Academy of Sciences, Cracow, Poland

Motor dysfunctions in Parkinson’s disease (PD) are fre-
quently preceded by comorbid depression. Emerging piec-
es of evidence suggest that BDNF alterations are associat-
ed with neurodegenerative and neuropsychiatric disorders.
Postmortem studies in depressed patients showed reduced
expression of mRNA and protein levels of BDNF in hip-
pocampus (HIP) and prefrontal cortex, as well as in the
serum and plasma of patients (suicide) with depression.
The above effects were reversed by administration of dif-
ferent classes of antidepressant drugs. Similar results were
observed in animal models of stress and depression.

Clinical studies indicate that adopamine D3/D2 recep-
tor agonist — pramipexole (PRA) is the most effective com-
pound in the treatment of depression in PD. The action of
classical tricyclic antidepressant drug — imipramine (IMI) in
PD patients is controversial. This drug causes a number of
side-effects, including sedation and may even worsen the
condition of patients.

The aim of the present study was to search for the
mechanisms involved in the “depressive-like” behavior in an
animal model of depression in the preclinical phase of PD.

Male Wistar rats were bilaterally injected with 6-OHDA
(15 pg/2.5 pl) into the ventral striatum (vSTR). IMI was
injected i.p. (10 mg/kg) once a day and PRA s.c. (1 mg/kg)
twice a day for two weeks. On the 15™ day after the sur-
gery (24 h after the last drug injection) the forced swim-
ming test (FST) and motility were examined. After decapi-
tation the BDNF and trkB mRNAs were investigated using
in situ hybridization.

The lesion of vSTR induced by 6-OHDA was moder-
ate (ca. 50% of STR dopamine level), increased immobili-
ty in FST, but did not influence motility of rats suggesting
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“depressive-like” changes without motor disturbances.
PRA, but not IMI, shortened the immobility in FST in lesion-
ed rats. 6-OHDA administration reduced the BDNF and/or
trkB mRNAs in HIPR amygdala and habenula, while IMI
reversed the lesion effect in the dentate gyrus of HIP. PRA
consistently reduced the BDNF and trkB mRNAs in meso-
limbic and nigrostriatal systems in lesioned animals.

These results seem to indicate that the presymptomat-
ic dopaminergic lesion may induce “depressive-like” symp-
toms which are reversed by PRA but not by IMI. The PRA-
induced reduction of BDNF-trkB signaling pathway may be
related to its clinical efficacy.

|A5|

The N-terminal portion of mitofusin 2 inhibits
proliferation of cells

Boratynska-Jasinska A.'*, Kawalec M.!*, Beresewicz M.},
Kabzinska D.2, Zablocka B.!

IMolecular Biology Unit, Mossakowski Medical Research Centre,
Polish Academy of Sciences, Warsaw, Poland

2Neuromuscular Unit, Mossakowski Medical Research Centre,
Polish Academy of Sciences, Warsaw, Poland

*These authors contributed equally to this work.

Mitofusin 2 (Mfn2) is a nuclear encoded protein involv-
ed in mitochondrial fusion. It has two C-terminal trans-
membrane domains that anchor Mfn2 in the mitochondrial
outer membrane, while both the NH2- and COOH-terminal
ends are exposed to cytoplasm.

Proper mitochondrial function is maintained by mito-
chondrial dynamics that is the balance between mitochon-
drial fusion and fission. Disruption of this balance, resulting
in excessive mitochondrial fission has been suggested to
have a role in apoptosis activation by facilitation of Bax
insertion and activation in mitochondria. It has been known
for a long time that mutations in MFN2 gene are associ-
ated with Charcot-Marie-Tooth disease type 2A (CMT2A).
On the other hand, a recent cancer studies have shown
that Mfn2 may be responsible for inhibition of cell prolif-
eration. Over-expression of Mfn2 protein has an anti-pro-
liferative effect in hepatoma cells and exerts pro-apoptotic
effect in hepatocellular carcinoma cells. It has also been
shown that the expression of Mfn2 gene is reduced in
actively proliferating cancer cells. On this basis, we decid-
ed to study the influence of Mfn2 mutations on mouse
embryonic fibroblasts (MEFs) viability. We tested here:
(i) proliferation rate of MEFs: wild type MEF (MEFwt) and
Mfn2-null MEF (MEFMf2-7). (ii) the effect of over-expres-
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sion of wild type human Mfn2 gene and (iii) the effect of
over-expression of mutated (R400X and R250W) Mfn2.
These mutations were detected in Polish patients diag-
nosed with CMT2A. In this study we observed that deple-
tion of Mfn2 gene in MEFMM2/-increased proliferation rate,
significantly reducing their doubling time in comparison to
MEFwt. We found that over-expression of wild type Mfn2
gene in these knock-out cells decreased their growth
rate to that observed in wild type MEF. Interestingly, the
expression of R400X Mfn2 mutant in MEFMM-2/-2 resylted
in further elongation of doubling time of MEFM™-2/-2_ Addi-
tionally, by Western Blot, we showed that the mutation
R400X generates truncated, 45 kDa, N-terminal part of
mitofusin 2. Such a protein does not possess transmem-
brane domains located downstream of HR1 region and
thus should not influence fusion of mitochondria. Taken
together, these findings indicate that Mfn2 has a signifi-
cant anti-proliferative effect in MEF cells and this function
is mainly exerted by N-terminal part of the protein without
engagement of its mitochondrial fusion activity.

This project was supported by NSC grant NN402474640.
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Neuroprotective effects of metabotropic
glutamate receptors group Il (mGluR2/3)
agonists preconditioning in animal model
of birth asphyxia: Investigations into
molecular mechanisms

Bratek E., Ziembowicz A., Salinska E.

Department of Neurochemistry, Mossakowski Medical Research
Centre, Polish Academy of Sciences, Warsaw, Poland

Hypoxic-ischemic encephalopathy is an abnormal neu-
robehavioral state in which the predominant pathogenic
mechanism is impaired cerebral blood flow that may result
in neonatal death or be manifested later as cerebral pal-
sy or mental deficiency. Recent investigations have not
provided us with promising neuroprotective compounds
to reduce perinatal hypoxic-ischemic (HI) brain injury and
there is a growing interest in engaging endogenous neu-
roprotective mechanisms. mGluR2/3 activation before or
after ischemic insult results in neuroprotection and the
exact mechanism of this effect is not clear. The aim of pro-
posed study is to investigate whether mGluR2/3 activation
before or after hypoxia-ischemia reduces brain damage
and if induced ischemic tolerance acts through activation
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of antioxidant enzymes and decrease of oxidative stress.
We used an animal model of hipoxia-ischemia (H-1) on
7-day old rat pups. Animals were anesthetized and the left
common carotid artery was isolated and double — ligated
and then cut between the ligatures. After completion of
the surgical procedure the pups were subjected to hypoxia
(7.2-7.4% oxygen in nitrogen for 75 min at 35°C). Control
pups were sham-operated (anaesthetized and left c.c.a.
dissected, but not ligated). Animals were injected intra
peritoneal with specific mGluR2 (LY 379268) and mGluR3
(NAAG) agonists 24 and 1 hour before H-I (5 mg/kg of body
weight). Weight deficit of the ischemic brain hemisphere,
radical oxygen specied (ROS) content, activity of antioxi-
dant enzymes (superoxide dismutase — SOD, glutatione
peroxidase — GPx, catalase — CAT) and level of reduced glu-
tatione (GSH) were measured.

Our results show a neuroprotective effect of mGIluR
2/3 agonists. Both agonists decreased tissue weight loss
in ischemic hemisphere independently on the time of appli-
cation (from 40% in H-1 to 10-20% in treated). H-I resulted
in increased activity of SOD in the injured hemisphere,
which was further potentiated by mGluR2/3 agonists appli-
cation 1 h before H-I. The activity of glutathione peroxidase
(GPX) was also increased by H-I and its activity was poten-
tiated by both agonists. The decrease by H-I GSH level
observed in ischemic hemisphere was not observed after
agonists application, the effect was better expressed when
agonists were administered 1 h before H-I. However, CAT
activity was positively modulated only by mGluR2 agonist
—LY379268. Our results show that both mGluR2/3 antago-
nists reduce ROS level in the injured hemisphere (Hl).

Conclusions: The results show that activation of mGluR2
and mGluR3 before H-I insult triggered neuroprotective
mechanisms, which probably partly engage defense against
oxidative stress by activation of antioxidant enzymes.
The effect is more distinct when agonists are applied in
a short time before H-1.

This work was made under MMRC-KNOW 2013-2017
project.
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Photic modulation of infra slow oscillatory
activity in the intergeniculate leaflet
of the rat model of absence epilepsy

Chrobok L., Palus K., Orlowska-Feuer P., Lewandowski M.H.

Department of Neurophysiology and Chronobiology, Institute
of Zoology, Jagiellonian University, Cracow, Poland

The intergeniculate leaflet of the thalamus (IGL) is
a small retinorecipient brain nucleus participating in the
regulations of circadian functions. The IGL consists of at
least two GABAergic neuronal populations expressing
either neuropeptide Y (NPY) or enkephalin (ENK). NPY-
positive cells project to the main rhythm generator — the
suprachiasmatic nucleus (SCN), whereas ENK-positive cells
send their axons to the contralateral IGL. ENK-postive neu-
rons were shown to receive direct retinal input and gen-
erate action potentials in an infra slow oscillatory (ISO)
manner with a period of multiseconds during in vivo
recordings. This characteristic pattern of activity consists
of two phases: intraburst, with the high firing rate, and
extraburst, in which the neuron is quiet. Interestingly, ISO
depends on the contralateral retina activity, as it is com-
pletely abolished by its deactivation and is only present
under photopic conditions.

Absence epilepsy (AE) is characterised by the presence
of spike-wave discharges (SWDs) in EEG. WAG/Rij rats,
used in the present study, are well established model of AE.
This neurological disease is often connected with retinal
pathologies and sleep-wake cycle abnormalities. The occur-
rence of SWDs is modulated by the circadian timing sys-
tem. The aim of the present study was to verify the pres-
ence of ISO activity in the IGL of WAG/RIj rats and whether
it is modulated by light.

The experiments were performed on urethan-anaes-
thetised male WAG/Rij rats by using in vivo single-unit
extracellular recordings with simultaneous ECoG measu-
rements. ECoG electrode was placed above the frontal
cortical area, whereas the recording electrode was placed
in the IGL Experimental protocol consisted of two stag-
es. First, the baseline I1SO activity was recorded in the IGL,
during REM- and NREM-like phases of urethan sleep. Next,
the light was turned off and the activity of the tested neu-
ron was recorded for at least the duration of both phases.

Obtained results confirmed the presence of infra slow
oscillatory activity in the IGL of WAG/RIj rats. The period
of oscillations was in the range of multiseconds. The char-
acteristic of oscillations was comparable to ISO activity
described previously in the IGL of Wistar rats. Two phases
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of oscillations: intra- and extra-bursts, were clearly distin-
guishable. In contrast to Wistar rats, all of the recorded
ISO neurons remained active during the dark conditions.
The features of oscillations, such as the period and mean
intra- and extra-burst activity were strongly influenced by
light. Namely, the period was shortened and activity was
decreased. The relationship between the ISO activity and
phases of urethane sleep was observed.

We hypothesise that this response to light of ISO neu-
rons in the IGL may be due to both: abnormalities at the
level of the retina and disinhibition of the IGL network
itself. Our parallel in vitro patch clamp studies indicate
that the IGL’s GABAergic synaptic transmission in WAG/
Rij rats is down-regulated. Based on the acquired results,
further studies on the IGL of WAG/Rij can serve as a novel
insight into absence epilepsy.

Supported by the Ministry of Science and Higher Educa-
tion project “Diamentowy grant III” K/PMI/000190, 2014-
2017.
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Neuroprotective potential of KU55933,
an inhibitor of ATM kinase, against hydrogen
peroxide- and doxorubicin-induced cell death
in human neuroblastoma SH-SY5Y cells

Chwastek J., Jantas D., Lason W.

Department of Experimental Neuroendocrinology, Institute
of Pharmacology, Polish Academy of Sciences, Cracow, Poland

The experimental data collected during the recent
years point to additional functions of ATM (ataxia-telan-
giectasia mutated) kinase apart its involvement in DNA
repair system. Since the engagement of this protein in
regulation of cellular response to oxidative stress, insulin
signaling and mitochondrial homeostasis has been sug-
gested, it started to be the subject of research in diabetes,
cancer and neurodegenerative diseases. In order to wid-
en the knowledge about the role of ATM kinase in neuro-
degeneration, in the present study we tested the effect
of pharmacological inhibition of ATM kinase by specific
inhibitor KU55933 on cell death of human neuroblasto-
ma SH-SY5Y cells, induced by oxidative stress (hydrogen
peroxide) and pro-apoptotic factors — staurosporine and
doxorubicin (Dox). The data showed that KU55933 (0.01-
20 uM) being not toxic when given alone to undifferenti-
ated (UN-) and retinoic acid (RA-)-differentiated SH-SY5Y
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cells, partially attenuated the cell death induced by hydro-
gen peroxide in both cell types (about 19-25%), as was
confirmed by MTT reduction assay. The protection evoked
by KU55933 against oxidative stress-evoked cell damage
was relatively higher in RA-SH-SY5Y, comparing to UN-SH-
SY5Y, when given the effective concentrations (0.1-10 uM
and 0.1-1 pM for RA- and UN-SH-SY5Y cells, respectively).
Moreover, KU55933 (0.1-10 uM) almost completely blocked
the cell damage induced by Dox in RA-SH-SY5Y, being only
slightly protective in UN-SH-SY5Y cells (1 pM with 10%
protection). In contrast, KU55933 (0.01-10 uM) did not
affect cell damage evoked by staurosporine in both cell
types. Further studies showed, that KU55933 completely
blocked the Dox-induced caspase-3 activity in both, UN-
and RA-SH-SY5Y cells, whereas did not change the hydro-
gen peroxide-evoked increase in this enzyme activity.
The higher neuroprotective effectiveness of KU5593 in RA-
vs. UN-SH-SY5Y was not related to changes in ATM mRNA
abundance since we did not observe any significant dif-
ferences in Atm gene expression between both cell types
as was confirmed by quantitative PCR method. Finally,
we demonstrated that KU5593 at higher concentration
(20 uM) significantly increased the cell death induced by
hydrogen peroxide, doxorubicin and staurosporine but
only in UN-SH-SY5Y cells. Altogether our data point to neu-
roprotective potential of ATM kinase inhibitor, KU55933
against hydrogen peroxide- and doxorubicin-evoked injury
in SH-SY5Y cells with engagement of caspase-3 inhibition
only in the latter one. Moreover, the results showed bet-
ter usefulness of retinoic acid-differentiated SH-SY5Y cells
over undifferentiated one for further study of the mecha-
nisms of ATM kinase inhibition-mediated neuroprotection.

The study was supported by statutory funds of the Insti-
tute of Pharmacology, Polish Academy of Sciences.
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Alteration of sphingosine kinase 1 by amyloid
beta (1-42) and its implication in cell death

Cieslik M., Czapski G.A., Strosznajder ).B.

Department of Cellular Signaling, Mossakowski Medical
Research Centre, Polish Academy of Sciences, Warsaw, Poland

Sphingosine kinase (SphK) is a key enzyme involved in
maintaining sphingolipid rheostat in the brain. Deregula-
tion of sphingolipid metabolism has been associated with
accumulation of amyloid beta (AB) peptides and could
play a crucial role in pathogenesis of Alzheimer’s disease
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(AD). Sphingolipids are main constituents of lipid rafts and
important regulators of the activity of secretase B (BACE)
and AP liberation from its precursor protein.

The aim of this study was to investigate the role of
extracellular AB, ,, peptides in regulation of SphK expres-
sion and activity. Moreover, the question arose what kind
of molecular events, regulated by SphK and AB, ,,, are
responsible for cells survival or death.

In this study rat pheochromocytoma (PC12) cells were
subjected for 24 and 96 h to AB, ,, oligomers (1 pM) or to
SphK inhibitor (SKI Il 10 uM) and other pharmacological
compounds. The experiments were performed using bio-
chemical, spectrophotometric and gRT-PCR methods.

Our data indicated that AB,,, induced time-depen-
dent alteration of SphK1 expression and activity. Exposure
to A, ,, for 24 h enhanced SphK activity, but after 96 h
the activity was significantly reduced. Similar changes
were observed for the mRNA level of Sphk1 gene, but the
expression of Sphk2 gene was not changed. Both AB, ,,
and SKI Il evoked time-dependent cell death. The level
of free radicals was negatively correlated with cell viabil-
ity. These two compounds evoked up-regulation of the
expression of antioxidative enzymes, catalase and super-
oxide dismutase. The significant increase in the level of
apoptosis inducing factor (AIF) that could be involved in
antioxidative defence in mitochondria was also observed.
Moreover AB, ,, and SKI Il evoked reduction of glycogen
synthase kinase-3 (Gsk-3B) immunoreactivity and altered
the balance between pro- and anti-apoptotic proteins.
Exposure of cells to AB, ,, or SKI Il resulted in the increase
in gene expression for pro-apoptotic BAX protein and in
decrease of anti-apoptotic Bcl-xL and Bcl-2 proteins. Sever-
al pharmacologically active compounds were then investi-
gated for their cytoprotective effects against AB, ,,-evoked
cytotoxicity, but only a-pifithrin (20 uM), an anhibitor of
p53 protein, protected cells against death.

Our data indicated that inhibition of SphK, by the
alteration of sphingolipid rheostat, may be the trigger of
apoptotic signaling evoked by Alzheimer’s AB, ,, peptides.

Our study was supported by a Grant of NSC 2013/09/B/
NZ3/01350.
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The effects of maternal immune activation
on the behavior of rat offspring: a focus on
changes in postsynaptic proteins — Shank

Cieslik M., Kudlik M., Boguszewski P.2, Adamczyk A.!

IDepartment of Cellular Signaling, Mossakowski Medical
Research Centre, Polish Academy of Sciences, Warsaw, Poland
2Department of Neurophysiology, Laboratory of Limbic System,
Nencki Institute of Experimental Biology, Polish Academy

of Sciences, Warsaw, Poland

Autism spectrum disorders (ASDs) are neurodevelop-
mental diseases characterized by two core symptoms,
impaired social interactions and communication, and ritu-
alistic or repetitive behaviors. Recent human genetic stud-
ies indicate that genes identified as altered in individuals
with ASDs often encode synaptic proteins. Shank family
proteins (Shankl, Shank2, and Shank3), that belong to
synaptic scaffolding proteins, are involved in the regulation
of morphological and functional maturation of dendrit-
ic spines and synapse formation. These proteins interact
with NMDA receptor and metabotropic glutamate recep-
tor complexes in the postsynaptic density (PSD). Previous
data indicated that mutation in SHANKI contributes to the
symptoms of autism. In Shank1(-/-) mice impaired com-
munication characterized by low levels of ultrasonic vocal-
izations, as compared to wildtype Shank1(+/+) littermate
controls, was observed.

Both epidemiological and biochemical evidence sug-
gests that occurrence of ASD may be linked to immune
perturbations that took place during fetal development.
Therefore, “maternal immune activation” (MIA) model|,
where the research is carried out in offspring from female
rodents subjected to an immune stimulus during early
pregnancy, is commonly used as animal models of ASD.
The present experiments were performed using male off-
spring of Wistar rats treated intraperitoneally with saline
or lipopolysaccharide (LPS, 100 pg/kg) on gestational day
9.5, to mimic a bacterial infection. Autism-associated
behaviors and the function of postsynaptic proteins Shank
were examined in the offspring of the treated animals.
Behavioral tests were conducted to assess social commu-
nication, motions and anxiety, play behaviors, as well as
learning and memory. Data analysis was carried out exclu-
sively on male rats. Gene expression and protein level of
Shank was analyzed using quantitative Real-Time RT-PCR
and Western blot methods, respectively. We observed that
male offspring from LPS-treated animals showed impaired
communication (expressed by ultrasonic vocalization on
postnatal day 9-13, PND 9-13). Moreover, in the spon-
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taneous alternation (T-maze) test, adult male offspring
(PND 40-50) from LPS-treated mothers showed impaired
learning and memory function. The motions and anxiety
responses (Open space test, PND 40-50) and play behav-
jors (Tickling, PND 40-50) were not altered. When the
experimental animals have reached adulthood, the chang-
es in the expression of SHANK1, SHANK2 and SHANK3
was investigated. The data showed the down-regulation
of SHANKI and SHANK?2 expression in the cerebral cortex,
without changes in SHANK3 expression in all analyzed
brain structures. Summarizing, our findings indicate that
offspring from mothers subjected to immune stimulation
during gestation show an impaired communication and
dysregulation of synaptic proteins belonging to Shank
family. The lower expression of Shank proteins may lead
to profound alterations in synaptic function and social
behavior.

Supported from IMDIK statutory theme 17.
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Effect of prenatal stress on spleen cytokine

production in female offspring

Curzytek K., Duda W., Kubera M.

Department of Experimental Neuroendocrinology, Institute
of Pharmacology, Polish Academy of Sciences, Cracow, Poland

Numerous studies have shown that stressful events
occurring in early life have a powerful influence on the
development of the central nervous system. Prenatal stress
also modifies the immune response of the offspring. It is
known that chronic activation of immune-inflammatory
pathway play an important role in the pathophysiology
of depression. The spleen, as a crucial component of the
immune system, can produce a lot of agents i.e. cytokines,
chemokines and neurotrophic factors. Proinflammatory
cytokines and chemokines produced by the spleen can
enhance depressive-like behaviours via influencing synap-
tic transmission and neuronal plasticity. The aim of pres-
ent study was to evaluate the disrupting effect of prenatal
stress on spleen releasing cytokines and other factors in
female offspring.

Pregnant Sprague-Dawley rats were subjected daily
to three stress sessions (immobilization) from day 14 of
pregnancy until delivery. At 4 months of age, adult female
offspring of control and stressed rat dams were subject-
ed to behavioural testing (forced swim test). After other
behavioural tests (i.e. locomotor activity, elevated plus
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maze test), animals were killed by rapid decapitation and
the brain tissue and organs were dissected. Spleen derived
cells were cultured with concavalin A (Con A, 2.5 ug/ml)
for 24 hours, and supernatants were collected. The level
of spleen cytokines was measured by RayBio Rat Cyto-
kine Antibody Array — the protein array system. Our stud-
jes showed that prenatal stress caused increased ability
of splenocytes to produce Fas-ligand, fractalkine, granu-
locyte-macrophage colony-stimulating factor (GM-CSF),
monocyte chemoattractant protein-1 (MCP-1), tumor
necrosis factor (TNF)-a. and decreased to produce interleu-
kin (IL)-1a, IL-10, IL-6 and tissue inhibitor of metalloprotein-
ase-1 (TIMP-1). Our studies revealed that prenatal stress
significantly changed secretory spleen functions, that can
be crucial in disturbance of homeostasis in central nervous
system.

The study was supported by Grant POIG.01.01.02-12-
004/09 (DeMeTer).
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Cyclin dependent kinase 5 and its modulatory
role in transcription of inflammation-

related genes in the brain. Relevance to
pathomechanism of Alzheimer’s disease

Czapski G., Wilkaniec A., Gassowska M.,
Strosznajder J.B., Adamczyk A.

Department of Cellular Signalling, Mossakowski Medical
Research Centre, Polish Academy of Sciences, Warsaw, Poland

Epidemiological and genetic studies demonstrated
an important role of inflammatory reaction in the patho-
mechanism of Alzheimer’s disease (AD), but the precise
course of immune system activation and characterization
of regulatory processes have not been fully elucidated.
In this study we focused on the role of Cyclin dependent
kinase 5 (Cdk5) in inflammatory signaling. Cdk5 is serine/
threonine kinase that is involved in regulation of neuronal
development and function. Moreover, it has been impli-
cated in pathomechanism of AD and other neurodegen-
erative disorders. Overactivation of Cdk5 has deleterious
effects on neuronal cells, leading to hyperphosphorylation
of MAP tau, which is responsible for microtubule destabi-
lization and impairment of axonal transport. Additionally,
inhibition of this enzyme was proposed to be a prospec-
tive strategy preventing neurodegeneration.
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The aim of this study was to analyze the role of Cdk5 in
neuroinflammatory signaling in animal model of AD. Adult
male mice C57BL6 received single intracerebroventricular
injection of A, ,, oligomers (1 nmol). Lipopolysaccharide
(LPS) was administered intraperitoneally (ip.) to evoke
activation of inflammatory reaction. Roscovitine (50 mg/
kg b.w.) was applied ip., as an inhibitor of Cdk5. Alter-
ations of gene transcription were analyzed using real-time
RT-PCR. The level and phosphorylation of proteins was
examined by Western blotting (WB) and by using multi-
plexed cytometric bead array (CBA).

Our results demonstrated that LPS-induced neuroin-
flammatory processes evoked rapid increase in phosphor-
ylation of tau protein at Ser396 in hippocampus. In par-
allel, we observed enhanced phosphorylation of Glycogen
synthase kinase-3B (Gsk-3B) at Ser9, indicating inhibition
of this tau-kinase. However, the rise of phosphorylation
of Cdk5 and acceleration of Calpain-dependent p25 for-
mation suggested that overactivation of Cdk5 may be
responsible for hyperphosphorylation of tau protein during
neuroinflammation. By using an animal model of AD we
have found that AP peptides evoked activation of Cdk5
via p25 formation and by enhancement of Cdk5 phosphor-
ylation at Tyr15. Moreover, administration of AB induced
rapid increase in expression of proinflammatory genes
for Tnfa and Il1b, 116, and concomitant rise in mRNA level
for anti-inflammatory 1110. Additionally, an increase in the
level of mRNA for Nos2 was observed, suggesting activa-
tion of nitrosative/oxidative processes in hippocampus.
By using WB and CBA methods we have found that Ros-
covitine significantly affected AB-induced inflammatory
signaling in brain. Pre-treatment with Roscovitine reduced
the level of [11b in the mouse hippocampus 3 h after admin-
istration of Ap.

Our results demonstrated for the first time that inhi-
bition of Cdk5 significantly affects AB-evoked expression
of inflammation-related genes in mouse hippocampus.
These data indicate the critical role of Cdk5 in regulation
of acute neuroinflammatory signaling in the brain.

Supported by a grant from The National Science Centre
2011/03/B/NZ3/04549.
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Involvement of huntingtin associated protein 1
in regulation of SOCE in medium spiny
neurons from transgenic YAC128 mice model
of Huntington’s disease
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Huntington’s disease (HD) is a hereditary neurodege-
nerative disease caused by the expansion of a polygluta-
mine stretch in the huntingtin (HTT) protein, and charac-
terized by dysregulated calcium homeostasis (Gaicomello
et al. 2013). One of the mechanisms that regulate calci-
um homeostasis is store-operated Ca?* entry (SOCE). It
is a process in which the depletion of Ca?* stores in the
endoplasmic reticulum (ER) induces Ca?* influx from the
extracellular space. The Ca?* sensor’s stromal interaction
molecules 1 and 2 (STIM1 and STIM2) detect changes in
Ca?* concentration in the ER. In response to Ca®* depletion,
they rearrange into punctate structures by interacting
with ORAI calcium channels in plasma membrane (PM).
These structures force ER membranes toward PM and acti-
vate members of the Orai family (Orail, Orai2, and Orai3).
This results in Ca®* entry by these channels (Frischauf et
al., 2008). The mechanism by which mutated HTT affects
SOCE is unknown. Therefore, we assessed alterations of
Ca?* signalosome in the striatum of a transgenic YAC128
mouse, a model of HD. We found that in medium spiny
neurons (MSN) from these mice, the activity of SOCE was
enhanced about 25%, which confirmed previous results of
Wu (2011). This could be explained by increased expres-
sion of huntingtin-associated protein 1 (Hap1) mRNA and
Hap1 protein in the striatum of YAC128 mice (Czeredys et
al. 2013) and may explain data of Wu et al. (2011) and Tang
et al. (2003, 2004). In this work we are investigating the
involvement of Hap1 in the regulation of SOCE in neurons
from YAC128 mice. Using western blot we found that Hap1
protein is specific for MSN neurons, and was not found in
primary cultures of astrocytes. We prepared constructs in
lentiviral system for Hap1 overexpression in HEK293 cells.
We are now analyzing if the increased level of Hap1 affects
SOCE in HD neurons.
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Ceramide and sphingosine-1-phosphate
the critical regulator of the PI3-K/Akt/GSK-3f3
signaling pathway and cell fate

Czubowicz K., Strosznajder R.P.
Laboratory of Preclinical Research and Environmental Agents,

Department of Neurosurgery, Mossakowski Medical Research
Centre, Polish Academy of Sciences, Warsaw, Poland

Bioactive sphingolipis: ceramides, sphingosine and
sphingosine-1-phosphate (S1P) are crucial regulators of
cell survival and death. S1P promotes cell proliferation and
viability acting as primary and secondary messenger and
exerts its effect by binding to five specific G protein cou-
pled-receptors (S1PR1-5). Its precursors ceramide/sphin-
gosine activate the pro-apoptotic pathways. The relation-
ship between these sphingolipids and pro-survival pathway
regulated by PI3-kinase/Akt is till now not fully elucidated.
The PI3-K/Akt mediates a wide range of cellular functions,
including cell proliferation, survival and cell metabolism.
Alteration of ceramide/S1P biostat and signaling is impli-
cated in brain ischemia, cancer, and also neurodegenerative
diseases including Alzheimer’s disease.

The aim of this study was to investigate the role of S1Pin
molecular mechanisms of neuronal cells death in the model
of oxidative stress evoked by cell-permeable C2-ceramide.
The experiments were carried out on human neuroblasto-
ma SH-SY5Y cells, using spectrometric and immunochemi-
cal methods. Our study indicated that C2-ceramide (25 uM)
inhibited the pro-survival PI3-K/Akt pathway followed by
activation of glycogen synthase kinase-beta (GSK3p). More-
over, after ceramide treatment we observed the lower phos-
phorylation of pro-apoptotic Bad protein. Conversely, exog-
enously added S1P (1 uM) increased the viability of neuronal
cells through S1PR (1, 3) receptors-dependent mechanism
as was demonstrated by us using specific receptors antag-
onists (W123 and VPC23019). In addition S1P and the ago-
nist of S1P receptor(s) (SEW2871 and pFTY720) increased
the activity of PI3-K/Akt. Furthermore, it was revealed
that S1P enhanced the phosphorylation of Bad protein.
Summarizing, our data indicate that modulation of S1P
receptor(s) signaling may offer therapeutic strategy in
treatment of neurodegenerative diseases characterized by
accumulation of ceramides.

Supported by statutory budget of MRC theme no. 1.
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Neuroprotective potential of neuropeptide Y
receptor agonists in ischemic in vitro model
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Much of evidence indicates that neuropeptide Y (NPY)
and Y receptors agonists may have neuroprotective poten-
tial against excitotoxic damage, however little is known
about their effect in ischemic neurodegenerations. Our
previous studies demonstrated that Y2 receptor agonist,
NPY 13-36, given intracerebroventricularly 30 min after the
onset of ischemia, significantly diminished the infarct vol-
ume in the rat transient middle cerebral artery occlusion
(MCAO) model. The present study was aimed at investigat-
ing the role of Y1, Y2 and Y5 receptors in neuroprotection
in primary neuronal cortical cultures, exposed to oxygen-
glucose deprivation (OGD) for 3h as an in vitro ischemic
injury paradigm. Therefore we evaluated the effects of YR
agonists (0.01-1 uM) such as Y2R agonist (NPY 13-36), Y5R
agonist [cPP17, NPY19-23 Ala3!, AiB3?, GIn**]-hpp or YIR ago-
nist [Leu3!, Pro34]-NPY on ischemia-induced LDH release
and MTT reduction in the cortical cultures 24 h after the
termination of OGD. The YR agonists were applied twice:
just before the start of OGD and immediately after the end
of OGD, or once: 30 min or 1 h after the termination of
OGD. It was found that double application of the Y2R or
the Y5R agonists significantly attenuated neurotoxicity. Of
particular importance is the finding that those Y2R or Y5R
agonists, given once 30 min after OGD also significantly
decreased ischemic injury. The neuroprotective effects
of Y2R or Y5R agonists were inhibited by corresponding
antagonists to those receptors. No protection was found
after the Y1 receptor agonist. We also observed a signif-
icant induction of calpains after OGD, evidenced by an
increase in spectrin alpha Il 145 kDa cleavage product, and
that effect was diminished by double application of Y2R
agonist, NPY 13-36, but not by Y5R agonist. In conclusion,
our results indicate that particularly Y2 receptors may play
an important role in the attenuation of damage after isch-
emia.

The study was supported by grant No. N N401 091037
from MS&HE and by funds for statutory activity of the Insti-
tute of Pharmacology, Polish Academy of Sciences, Cracow,
Poland.
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Genetic variants and oxidative stress
in peripheral lymphocytes of the patients
with Alzheimer’s disease

Dorszewska J.1, Oczkowska A.l, Prendecki M.1,
Florczak-Wyspianska J.2, Dezor M.}, Karlikowska M.1-3,
Postrach 1.1, Kozubski W.2

! aboratory of Neurobiology, Department of Neurology,

Poznan University of Medical Sciences, Poznan, Poland
2Chair and Department of Neurology, Poznan University
of Medical Sciences, Poznan, Poland

3University College of London, London, United Kingdom

Alzheimer’s disease (AD) leads to generation of B-amy-
loid (AB) and oxidative stress. Oxidative stress and apolipo-
protein E (ApoE) are associated with DNA damage, which
leads to apoptosis induction e.g. in cells expressing wild-
type p53. The TP53 gene is found to be the most frequently
mutated gene in human tumor cells. Post-mortem studies
have indicated that patients diagnosed with a brain tumor
also had unreported signs of AD. In AD, apoptosis can also
be induced by the immune system elements, e.g. tumor
necrosis factor alpha (TNF-alpha). 8-Oxoguanine DNA gly-
cosylase 1 (OGG1) is a main DNA repair enzyme that excises
of 8-0x0-2’-deoxyguanosine (8-0x02dG) from DNA.

The purpose of this study was to analyze the muta-
tion status in highly conservative exon 7 of TP53 gene and
APOE genotypes and the extent of oxidative DNA damage
(8-0x02dG), and expression of p53, OGG1 and TNF-a pro-
tein levels in peripheral lymphocytes of AD patients and
controls.

The studies were conducted on 31 patients with
AD, including 18 women and 13 men aging 52-85 years.
The control group included 31 individuals, 18 women and
13 men aging 40-83 years. The TP53 exon 7 was analyzed by
DNA sequencing. The APOE genotyping analysis was carried
out with the use of Real-Time PCR and DNA sequencing.
The levels of 8-0x02dG were determined using HPLC/EC/UV
(high-pressure liquid chromatography system with electro-
chemical and UV detection) technique. The p53, OGG1 and
TNF-a protein levels were analyzed by Western blotting.

Our studies on the sequencing of TP53 exon 7 revealed
the presence of two various mutations only in AD patients,
a missense mutation C748A (3.4%) present in an APOE €3/
¢4 alleles carrier and a silent mutation C708T (20.1%) in AD
patients with various APOE genotypes, €2/¢3, €3/¢€3, €3/¢4.
Only a person (control subject and AD patient) with one or
two alleles of APOE €2 had few times higher level of 8-oxo-
2dG compared to non-carriers of this allele. Moreover, in
AD patients with APOE €2/€3 genotype and a missense
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mutation of TP53 gene (15 times) and a silent mutation
of TP53 gene (2 times) the level of 8-0x02dG was higher
than in patients without analyzed TP53 gene mutations.
However, in the controls with APOE €3/¢4 genotype the
level of 8-0x02dG and OGG1 was nearly twice higher com-
pared to subjects with the APOE £3/&3 genotype. In con-
trast, in AD patients with APOE ¢3/¢4 genotype 8-0x02dG
level was 1.5 times lower than in patients with APOE €3/¢3
genotype, although the level of OGG1 in both AD groups
was decreased compared to the appropriate controls. In
the controls and AD, p53 and TNF-a protein levels were
similar, regardless of APOE genotype.

It appears that especially APOE €2 and g4 together with
TP53 gene mutations may be associated with the develop-
ment of oxidative stress in AD.

|A17|

Cytotoxic effects of zinc on cholinergic SN56
neuroblastoma and C6 astroglia cells

Dys A., Ronowska A., Gul-Hinc S., Klimaszewska-Lata J.,
Szutowicz A., Bielarczyk H.

Department of Laboratory Medicine, Medical University
of Gdansk, Gdansk, Poland

in the cytoplasmic compartment, which may be one of
the mechanisms of Zn-dependent increase in mortality of
cholinergic neurons. In this study we examined the effects
of accumulation of Zn in cholinergic neurons and adja-
cent astrocytes on activity of enzymes involved in energy
metabolism, including PDHC, aconitase and IDH. One day
culture of neuronal cells SN56 with 0.15 mmol/L Zn caused
about 60% suppression of PDHC and aconitase activities.
In these conditions we observed no changes in activity
of these enzymes in astroglial cells. In C6, such as 0.22
mmol/L Zn concentration caused 60% and 50% inhibi-
tion of aconitase and IDH activities, respectively. The high
susceptibility of cholinergic neurons and a relative high
resistance of astrocytes to neurodegeneration, induced
by cytotoxic concentration of zinc, may be caused by the
higher inhibition of neuronal aconitase and PDHC activi-
ties. The inhibition of these enzymes reduces the synthe-
sis of acetyl-CoA, and the flow rate of the tricarboxylic acid
cycle, which leads to a decrease in ATP synthesis and cell
damage. These results indicate, that zinc overload that
leads to the disturbance of energy metabolism may be
one of the causes of early damage of neuronal cells yield-
ing to the development of neurodegenerative diseases.

Supported by MWiSW St57 and MN 01-0108/08 MUG
projects.

Zinc excess in the synaptic cleft may be one of early
pathologic signals triggering chronic neurodegenerative
events. The aim of this work was to find relationships
between Zn accumulation and integrity of cholinergic
and astroglial cells. Exposition of cCAMP/RA-differentiated
(DQ) and nondifferentiated (NC) cholinergic SN56 neu-
roblastoma cells and astroglial C6 cells to Zn yielded its
concentration dependent accumulation. Zn accumulation
caused concentration-dependent death of both, neuronal
and astroglial cells. After 24 h exposition of SN56 cells to
0.15 mmol/L Zn, their mortality was equal to 35% and 50%
at cation levels equal to 4.0 and 5.5 nmol/mg protein for
NC and DC, respectively. In these conditions, the mortality
of astroglial cells was close to 1-2% only, at intracellular
Zn levels of 1.6 and 2.1 nmol/mg protein for NC and DC,
respectively. Higher, about 0.25 mmol/L Zn concentration
was required to evoke mortality of astroglial cells, similar
to those seen in neuronal cells. In such conditions Zn lev-
els in astroglia were about 6.4 and 27.0 nmol/mg protein,
respectively. The lower accumulation of Zn in astroglial
cells C6 than in neuronal cells SN56 may be due to the
less density of voltage-gated calcium channels and higher
density of ZnT1. In neuronal cells, Zn caused a decrease
of mitochondrial Ca?* content and increased level of Ca?*
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Neuroprotective effects of memantine,
hyperbaric oxygen or hypobaric hypoxia
do not add up when applied together

in 7-day-old rat hypoxia-ischemia model

Gamdzyk M., Ziembowicz A., Salinska E.

Department of Neurochemistry, Mossakowski Medical Research
Centre, Polish Academy of Sciences, Warsaw, Poland

Despite major advances in monitoring technology and
knowledge of fetal and neonatal pathologies, perinatal
asphyxia or, more appropriately, hypoxic-ischemic enceph-
alopathy (HIE), remains a serious condition that causes
significant mortality and long-term morbidity. In our pre-
vious studies we proved that hyperbaric oxygen (HBO)
and hypobaric hypoxia postconditioning (HH) reduce brain
damage in experimental model of neonatal hypoxia-isch-
emia by over 60%. The aim of present study was to eval-
uate the effect of NMDA receptor (NMDAR) antagonist
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memantine, and memantine combined with HBO or HH
on neonatal hypoxic-ischemic (HI) brain injury.

We used an established 7-day postnatal rat model of
hypoxia-ischemia. Briefly, the ipsilateral common carotid
artery of a rat pup is exposed and ligated. The contralat-
eral artery is left intact. The animal is then subjected to
a period of hypoxia at normal atmospheric pressure (7.7%
0, for 75 min at 35.5°C). HBO (2.5 ATA) or HH (0.5 ATA)
were applied 1 or 6 h after H-I for 60 min. Memantine
in dose of 20 mg/kg of body weight was applied 15 min
before HBO or HH. These treatments were repeated for
3 following days.

Memantine applied 1 or 6 h after H- reduced ipsilateral
hemisphere weight loss from 39.2% to 19.3% and 26.8%,
respectively. Memantine combined with HBO decreased
brain weight loss to 25% and 28.2%, when applied 1 and
6 h after H-I, respectively. Similarly, memantine combined
with HH decreased weight loss to 21.9% and 28.8%.

Memantine applied 1 or 6 h after H- reduced number of
TUNEL-positive cells in ipsilateral hemispheres by 62 and
58%, respectively. Memantine combined with HBO or HH
decreased number of positive cells by 21% and 10% (HBO),
and 39% and 36% (HH), respectively. Memantine combined
with HBO or HH caused protection, but the effect was less
significant than effect of memantine used alone.

Our results show that HBO and HH do not increase
protection caused by memantine alone. It is possible that
HBO and HH, which are means of manipulation of oxy-
gen concentration, modulate NMDAR activity and alter
balance between synaptic and extrasynaptic NMDAR
activity when applied in combination with memantine.
There is some data showing that high dose of memantine
can block not only damaging extrasynaptic activity, but
also normal synaptic transmission, which interferes with
pro-survival protective pathways dependent on synaptic
activity, causing detrimental effects leading to cell death,
which was visualized by TUNEL staining. This effect could
be strengthened or triggered by HBO and HH, which would
explain why memantine alone was more neuroprotective.

This project was funded by the National Science Centre
based on decision no. DEC-2012/07/N/NZ4/0207 2.
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Pre-chiasmatic subarachnoid hemorrhage
leads to tight junction disassemblance
and enhanced neurodegeneration

in experimental rat brain

Gendosz D., Liskiewicz A., Jedrzejowska-Szypulka H.,
Lewin-Kowalik J.

Medical University of Silesia, School of Medicine, Chair
and Department of Physiology, Katowice, Poland

Aims: Our aim was to develop model of arterial bleed-
ing into the pre-chiasmatic cistern resembling subarach-
noid hemorrhage (SAH) from aneurysm rupture in the
anterior part of the circle of Willis and to explore different
aspects of its effect upon adjacent as well as distant areas
of rat brain and extracellular.

Methods: Pre-chiasmatic SAH (pSAH) was produced by
injection of 200 L of fresh autologous arterial blood into
pre-chiasmatic cistern in rat brain. 24 hrs following the
surgery, animals were perfused transcardially and whole
brains were collected. Brains were coronally cryosectioned
and stained with Fluoro Jade C (FJC) and immunostained
to visualize cleaved caspase 3, GFAR zonulin-1, occludin-1
and claudin-5.

Results: We found numerous FJC positive neurons
around the site of blood application as well in more distant
areas and its number was especially high in neocortex and
hippocampus. Distribution of caspase 3 positive cells was
similar to that for FJC. To examine the presence of astro-
gliosis we carried out GFAP staining. We found numerous
astrocytes with morphological alterations characteristic
for their activation: thick processes and enlarged cell bod-
ies. Another observations acquired from immunostaining
reactions against proteins building tight junctions of BBB
suggest their degradation after SAH comparing to controls.

Conclusions: Obtained results indicate that adminis-
tration of arterial blood directly to pre-chiasmatic cistern
leads to neuronal damage and stimulation of astrogliosis
not only in the vicinity of injection site but also in more
distant regions like somatosensory cortex and hippocam-
pus. Moreover obtained results suggest also SAH crucial
role in tight junction proteins degradation.
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The influence of kissorphin (KSO) on the
expression of sensitization to hyperlocomotor
effect of morphine and ethanol in mice

Gibula-Bruzda E.1, Kotlinska J.H.}, Trzcinska R.2,
Silberring ).23

IDepartment of Pharmacology and Pharmacodynamics,
Medical University, Lublin, Poland

2Centre of Polymer and Carbon Materials, Polish Academy
of Sciences, Zabrze, Poland

3Faculty of Materials Science and Ceramics, AGH University
of Science and Technology, Cracow, Poland

Drug reward and phenomenon of sensitization play
a crucial role in the development of drug dependence. It
has been proposed that sensitization exhibits an import-
ant function in the etiology and maintenance of drug seek-
ing behavior as well as in relapse to this behavior after
a period of drug abstinence (Robinson and Berridge 1993;
Stewart and Badiani 1993). The endogenous brain opioid
system is believed to play an important role in mediating
reward effects of many psychostimulants. Therefore the
aim of the present study was to investigate whether a nov-
el derivate of kisspeptin-10 with affinity to NPFF receptors
— kissorphin (KSO) (Tyr-Asn-Trp-Asn-Ser-Phe-NH,) affects
the acute hyperlocomotor effect of morphine (10 mg/kg,
s.c.) and ethanol (2.4 g/kg, 20% w/v, i.p.), and influences
the expression of morphine- and ethanol-induced sensi-
tization to their hyperlocomotor effects. Sensitization to
the hyperlocomotor effect of ethanol and morphine was
induced according to the previously established methods
(Kotlinska et al. 2007).

Our study indicated that acute administration of KSO
(1, 3 and 10 nmol/300 pl, intravenously (i.v.) inhibited the
expression of morphine- and ethanol-induced sensiti-
zation at all used doses. Furthermore, KSO inhibited the
acute hyperlocomotor effect of morphine at doses of 3 and
10 nmol/300 pl and acute hyperlocomotor effect of etha-
nol at the dose of 10 nmol/300 pl. KSO, given alone, did
not change the locomotor activity of mice. In conclusion,
our experiments indicated that KSO attenuated the acute
morphine and ethanol hyperlocomotor effect and the
expression of sensitization to the hyperlocomotor effect of
morphine and ethanol. Therefore we anticipate that KSO
may be involved in both of these effects and may reveal
anti-opioid activity.
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Role of astrocytes in nigrostriatal system

degeneration. HPLC analysis of dopamine
and its metabolites after glia and neurons
dysfunction

Glowacka U., Olech L., Kuter K.

Department of Neuropsychopharmacology, Institute
of Pharmacology, Polish Academy of Sciences, Cracow, Poland

Objectives: Our aim was to investigate if prolonged
energetic dysfunction of astrocytes would induce dysfunc-
tion of dopaminergic neurons in substantia nigra (SN) and
striatum (STR), or influence dopaminergic neurotransmis-
sion changed by selective anti-dopaminergic toxin injection.

Background: The degeneration of dopaminergic neu-
rons in SN is underlying cause of movement disorders
observed in Parkinson’s disease (PD). The role of astro-
cytes supporting those neurons in both energetic an tro-
phic way is still unrecognized. It is probable that prolonged
dysfunction of astrocytes could increase dopaminergic
neurons vulnerability.

Material and methods: We have prepared PD rat mod-
el of selective nigrostriatal dopaminergic system degene-
ration by intracerebral, stereotaxic injection of 3 pg/3 nl
6-hydroxydopamine (6-OHDA) into medial forebrain bun-
dle (MFB). Astrocytes dysfunction was induced by 7-days
constant infusion of fluorocitrate (FC, 0.5 ul/hr) into SNc
using osmotic ALZET minipumps. Control animals received
solvent (0.2% ascorbic acid) into MFB and blank cannu-
las into SNc. Animals were sacrificed 1 or 4 weeks later.
HPLC-EC analysis of DA, its metabolites and turnover rates
in SN and STR was performed.

Results: Selective dopaminergic neurons lesion caused
decrease in DA, DOPAC and 3-MT levels in STR and SN
already after one week, and after 4 weeks this decrease
further progressed. Increased turnover rates suggested
compensatory mechanisms in STR. Induced metabolic dys-
function of astrocytes in SN caused decrease in DA level in
STR, only after one week. No change in DA was observed
in SN, but its metabolites DOPAC and HVA increased sig-
nificantly after 7 days, and returned to almost control lev-
els after 4 weeks. Double (glial and neuronal) dysfunction
enhanced DA and metabolites decreases in STR after one
week, but no further aggravation with time was detect-
ed. No enhancement of deficits was visible in SN, probably
due to increased DA metabolism and turnover.

Conclusions: We conclude that astrocytes dysfunction
seriously influences DA metabolism and accelerates dopa-
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minergic transmission breakdown after neuronal degen-
eration.

The study was supported by the NCN grant nr 2012/
05/B/NZ4/02599.
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Influence of caffeine and selective
antagonists of adenosine A, and A, ,
receptors on DA and 5-HT release induced
by MDMA in the mouse striatum

Gorska A.M., Golembiowska K.

Department of Pharmacology, Institute of Pharmacology,
Polish Academy of Sciences, Cracow, Poland

MDMA (3,4-methylenedioxymethamphetamine) used
recreationally is the main component of ecstasy tablets
which also contain another psychostimulants such as caf-
feine (CAF) to gain stronger effect. Amphetamines cause
an increase in motor activity, anxiety, aggression. Their
chronic use can lead to mental disorders like schizophre-
nia or depression and may influence progression of neuro-
degenerative diseases.

The pharmacological action of amphetamines is direct-
ed primarily at neurotransmitter systems: catecholami-
nes — dopamine (DA), norepinephrine (NA) and serotonin
(5-HT). Amphetamines cause increase in monoamines
level in the synaptic cleft by blocking their reuptake and
inhibit their inactivation through monoamine oxidase
A and B. CAF is a weak stimulant without abuse proper-
ties. It abolishes mental fatigue and improves thinking.
Pharmacological mechanism of CAF is based on blockade
of adenosine A, and A,, receptors which may affect neu-
rotransmitter release. Our earlier data have shown that
CAF (10 mg/kg) given together with MDMA (20 or 40 mg/
kg) potentiated stimulatory effect of MDMA on extracellu-
lar level of DA and 5-HT in the mouse striatum.

In the present study we aimed to understand, if potentiat-
ing effect of CAF on DA and 5-HT release produced by MDMA
occurs via blockade of adenosine A, and A,, receptors.

All experiments were conducted on wild-type male
mice from the breeding in the Institute of Pharmacology,
PAS, weighing 20-35 g. Animals were anaesthetized with
ketamine (7.5 mg/kg) and xylazine (1 mg/kg) and a verti-
cal microdialysis probes were implanted into the striatum
(AP: +1.0, L: +1.8, V: =3.8). The following drugs were injected
intraperitoneally: MDMA (20 or 40 mg/kg), CAF (10 mg/kg),
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KW-6002 (1.25 or 2.5 mg/kg), DPCPX (1.25 or 2.5 mg/kg).
The extracellular concentration of DA, 5-HT and extraneu-
ronal DA metabolite, 3-methoxytyramine (3-MT) was
quantified by HPLC with coulochemical detection.

Both adenosine A, and A,, receptor antagonists, sim-
ilarly to CAF enhanced DA and 5-HT release induced by
MDMA. However, adenosine A, receptor antagonist only
weakly influenced DA and 5-HT release induced by MDMA.
To the contrary, adenosine A,, receptor antagonist mark-
edly increased effect of MDMA on DA and 5-HT release. It
can be speculated that effect of CAF on MDMA-induced
release of DA and 5-HT in the mouse striatum is mediated
mainly by adenosine A,, receptors.

Supported by grant from National Centre of Science
(NCN) no 2013/11/N/NZ7/00740.
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Involment of calcium channels and receptors
in neuronal soce

Gruszczynska-Biegala J.1, Sladowska M.'2, Kuznicki ).!

linternational Institute of Molecular and Cell Biology, Warsaw,
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2Undergraduate student from the Warsaw University of Life
Sciences — SGGW, Warsaw, Poland

Changes in the intracellular calcium (Ca®*) concentra-
tion are considered to be one of the crucial signalling path-
ways in cells. Increased concentration of Ca®* in cytoplasm
is caused by influx from extra- or intracellular sources
of Ca?*. In non-excitable cells, such as lymphocytes, store-
operated calcium channels (SOCCs) are the primary path-
way for the Ca* influx. The extracellular Ca?* influx through
the tightly regulated SOCCs in the plasma membrane
(PM) is the basis of the store-operated Ca?* entry (SOCE).
The process relies on refilling the cytoplasm and the endo-
plasmic reticulum (ER) with Ca?* after their IP,-depend-
ent release to the cytoplasm. The key proteins involved
in this process are sensors of Ca?* located in ER (STIM1
and STIM2) and the Ca?* channel-forming protein (ORAI1)
present in the PM. Interaction between these proteins
leads to formation of complexes, visible under the fluo-
rescent microscopy as puncta, and results in entry of Ca?*
into the cytoplasm. Ca?* is then transported to ER by the
activity of the Ca?*-ATPase of SERCA pump, which refills
ER stores. In contrast to non-excitable cells, CaZ* homeo-
stasis in neurons is maintained primarily by voltage-gated
calcium channels (VGCCs) as well as ion exchangers or
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various receptors (e.g. metabotropic and ionotropic gluta-
mate receptors). Recent studies demonstrate that SOCE
also occurs in neurons. Our earlier data indicate that both
STIMs are involved in calcium homeostasis in neurons,
but each plays a distinct role in SOCE (Gruszczynska-Bie-
gala et al., PLoS ONE 2011) and can form complexes with
endogenous ORAI1 (Gruszczynska-Biegala and Kuznicki,
J Neurochem 2013). Recently, SOCE has become a sub-
ject of intense research in regard to disturbances in Ca®*
homeostasis observed in the epilepsy and neurodegenera-
tive diseases (Steinbeck et al., Exp Neurol 2011).

The aim of this study is to determine if, in addition to
ORAI1, there are neuronal specific channels or receptors,
which interact with STIM proteins during SOCE. The poten-
tial PM partners of STIMs, VGCC, glutamate receptors and
Na+-Ca®* exchanger, were selectively inactivated by chem-
icals in order to assess their role in SOCE in cortical neu-
rons prepared from 19-day-old embryonic Wistar rat brains.
After 16 days of culture, single-cell Ca?* levels in neurons
were recorded using the ratiometric Ca?* indicator dye
Fura-2AM in the presence of different inhibitors such as
nimodipine (VGCC), MK-801 (NMDAR), MCCG (mGluR),
bepridil (exchanger). In some experiments neurons were
treated with thapsigargin to deplete the ER stores follow-
ing the Ca?* re-addition to assess SOCE. The difference
between Ca®* response after treatment of neurons with
inhibitors and response without them showed whether
and how much Ca%* influx is sensitive to the blockers of
potential STIMs partners. The discovery of the new pro-
teins interacting with STIM proteins will allow a better
understanding of the mechanisms of SOCE.

This work was supported by funds from a National
Science Centre (2011/01/D/NZ3/02051, JGB).
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Influence of P2X7R antagonist on glia
activation in the early time point of EAE
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Multiple sclerosis (MS) is an autoimmune, neurodegen-
erative disease which is the most frequently the reason of
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disabilities of young adults, and is a very serious problem
for contemporary medicine.

Progressively developing plaques of demyelination with
oligodendrocyte and axonal death are observed during
the course of MS. Within the central nervous system astro-
glia and microglia are important players in inflammation.
Responding to the inflammatory signal, they become activat-
ed, change their morphology, release cytokines and up-reg-
ulate marker-proteins such as GFAP and Ibal, respectively.
Both of these cell populations express purinergic receptor
P2X7 which is likely involved in mechanisms connected with
proinflammatory cytokine (IL-1b) release and cell death.

Experimental autoimmune encephalomyelitis (EAE) is
a commonly used model of MS. EAE is evoked by injec-
tion of vaccine containing complete Freund’s adjuvant,
homogenate of guinea pigs’ spinal cord and inactivated
Mycobacterium tuberculosis. Animals, female Lewis rats,
develop neurological symptoms similar to those observed
in humans during MS.

The aim of this study was to investigate whether
blocking of P2X7R by its selective antagonist BBG (Brilliant
Blue G) influences the expression of astroglia and micro-
glia specific proteins during the course of EAE.

In the inductive phase of EAE (41" day post immuniza-
tion, 4 dpi) we observed an early activation of both astroglia
and microglia, which was connected with overexpression
of GFAP and Ibal, respectively. Overexpression of markers
was also present at the peak of the disease (10 dpi). To
elucidate the involvement of P2X7R in the mechanisms of
glia activation during EAE, we examined brain tissue of EAE
rats treated with BBG (50 mg/kg of body weight) starting
from day O pi to day 6 pi. The immunofluorescent stain-
ing of brain specimens at 4 and 10 dpi, revealed decreased
astroglia activation.

The activation of astroglia measured by fluorescence
intensity showed that the immunoreactivity of GFAP in EAE
group was 7-fold higher than that in EAE + BBG group at
4 dpi. At the peak of the disease the immune reactivity was
2-fold higher in EAE group than in EAE + BBG group. These
results were confirmed by Western Blot analysis and gPCR.

Microglia activation in EAE group started at 4 dpi and pro-
ceed to the peak of the disease. In EAE + BBG group activat-
ed microglial cells were not observed before the peak of the
disease. Intensity of the immunoreactivity in EAE group was
2-fold higher than in EAE + BBG group at 4 dpi. These results
were also confirmed by Western Blot analysis and qPCR.

We may conclude that administration of BBG during the
course of EAE results in the decreased reactivity of glial cells
pointing out that P2X7R is actively involved in the mecha-
nisms of cell activation during the disease.

Supported by grant no: 2012/05/N/NZ4/02191.
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Paracrine effect on energy metabolism
of cholinergic SN56 cells in cytotoxic
conditions

Gul-Hinc S., Ronowska A., Bielarczyk H., Szutowicz A.

Department of Laboratory Medicine, Medical University
of Gdansk, Gdansk, Poland

Microglial cells, through the proinflammatory media-
tors are key elements initiating inflammatory reactions in
the brain. They are linked with pathomechanism of Alzhei-
mer’s and other neurodegenerative diseases. Prolonged
study of microglial cells have shown their neuroprotec-
tive, as well as neurotoxic effects on cholinergic neurons.
The aim of this work was to investigate modifying effects
of microglia on cholinergic neuronal SN56 cells subject-
ed to common neurotoxic signals. One of this factors is
zinc. Chronic exposure of differentiated (DC) SN56 cells
to 0.150 mM Zn caused inhibition of pyruvate dehydro-
genase (PDH) and aconitase activity (50%), decrease
of acetyl-CoA level (30%), as well as loss of cell viability
(60%). This results are consistent with our earlier find-
ings (Ronowska et al. 2007). To investigate the paracrine
effect of microglial cells on cholinergic SN56 we used con-
ditioned medium of microglial cells. We reveal that condi-
tioned medium of microglial cells has no effect on the
survival of SN56 cholinergic cells, as well as activities of
studied enzymes. Despite of that, conditioned medium of
microglial cells partially prevented Zn-induced loss of DC
viability to 20%, as well as PDH and aconitase activity, and
acetyl-CoA level. These data demonstrate that neuropro-
tective effects of conditioned medium of microglial cells
in Zn-challenged cholinergic neurons were linked with
alterations in their acetyl-CoA metabolism. To clarify the
molecular mechanism of this paracrine interactions more
research is needed.

Supported by projects: GUMed ST-57, MN-15.
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Lowered expression of gliosis-associated
markers in aging rats fed a high-fat diet
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Introduction: Obesity is strongly associated with insu-
lin resistance and type 2 diabetes, hypertension, dyslipid-
emia. Together with abdominal obesity, these symptoms
are recognized as a condition called metabolic syndrome
(MS). MS is recognized as one of the main causes of avoid-
able mortality and morbidity in developed countries. In
Poland it affects up to 25% of the population. In addition
to the cardiovascular risks associated with MS, it is being
increasingly recognized as a potential source of neurolog-
ical disease, especially in aging patients. Obesity or MS
are associated with loss of brain-derived neurotrophic fac-
tor (BDNF) signaling, oxidative stress, blood-brain barrier
dysfunction and chronic inflammation. Here, we used rats
fed a high-fat diet (HFD), consisting of 40% fat, 40% sugar
and 10% fiber. The animals were maintained on either HFD
or normal chow for a year, to simulate obesity-associated
effects in the aging brain. We then studied glial activa-
tion by immunohistochemical (IHC) staining for astrocytic
marker GFAP and microglial protein Iba-1.

Material and methods: Male Wistar rats were assigned
randomly to HFD or normal diet (ND) groups at age of 45-
50 days, then placed in single cages with constant access
to the type of food assigned. The experimental animals
were then maintained on their respective diets for a year,
followed by sacrifice and perfusion fixation with 4% for-
malin in PBS. Brains were processed into 30 um slices with
a vibratome, and IHC for GFAP and Iba-1 were performed.
The resulting slides were then photographed under a 4x
objective. Panoramic images of whole stained hippocam-
pi were assembled with Microsoft ICE. Next, an unsuper-
vised local thresholding algorithm based on the Bernsen
method, implemented in Image)J, was used to measure the
immunoreactive area fraction in the hippocampal forma-
tion. The resulting data were compared by Student’s t-test.

Results: Somewhat surprisingly, we have found a sig-
nificant (p < 0.005) reduction in immunopositive area
fraction for both markers in animals from the HFD group.
This is in accordance with the results of behavioral and
magnetic resonance studies in the same population of ani-
mals, performed recently by our research group. In these
studies, animals fed a HFD for 12 months exhibited better
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spatial learning in the radial arm maze paradigm in com-
parison to controls. Similarly, the levels of N-acetylo-aspar-
tate, loss of which is generally associated with aging-relat-
ed changes and dementia, was higher in the HFD group.
Further morphometric studies of astrocytes and microglial
cells are underway, aimed at elucidating the nature of the
effects of HFD in aging rats.

This work was supported by NCN 2011/03/B/NZ4/0377 1.
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Neuroprotective effects of undecylenic

acid (UDA) against hydrogen peroxide-,
staurosporine- and doxorubicin-induced cell
damage in human neuroblastoma SH-SY5Y cells

Jantas D.!, Piotrowski M.2, Lason W.!

IDepartament of Experimental Neuroendocrinology, Institute
of Pharmacology, Polish Academy of Sciences, Cracow, Poland

2Jerzy Haber Institute of Catalysis and Surface Chemistry,
Polish Academy of Sciences, Cracow, Poland

Undecylenic acid (UDA), a naturally occurring an
11-carbon unsaturated fatty acid has been used from sev-
eral years as an economical antifungal agent and nutri-
tional supplement. Recently, an additional clinical utility
of UDA has been proposed as a promising component of
nanocarriers for the oral delivery of proteins and peptides.
Moreover, the potential usefulness of UDA as neuropro-
tective drug has been suggested, based on the ability of
this agent to inhibit p-calpain activity. In order to provide
more evidence on neuroprotective potential of UDA, we
tested this compound against oxidative stress (hydrogen
peroxide)- and pro-apoptotic factors (staurosporine and
doxorubicin)-evoked cell damage in human neuroblasto-
ma SH-SY5Y cells. The data showed that UDA (1-40 uM)
decreased the hydrogen peroxide-induced cell damage as
confirmed by MTT reduction and LDH release assays. More-
over, the protection mediated by UDA in that model was
connected with attenuation of hydrogen peroxide-mediat-
ed necrotic (PI staining) and apoptotic (caspase-3 activa-
tion) changes. Using Western blot analysis we demonstrat-
ed that UDA attenuated the hydrogen peroxide-stimulated
increase in 145 kDa and 120 kDa of o, 3 spectrin Il products,
specifically cleaved by calpains and caspases, respective-
ly. Next, we showed that UDA partially protected SH-SY5Y
cells against the staurosporine- and doxorubicin-evoked
cell death, however this effect was not connected with its
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influence on caspase-3 activity. Further studies at the St
model of cell injury revealed that UDA decreased the St-
induced mitochondria-cytosolic translocation of AIF (Apop-
tosis Inducing Factor) which is responsible for caspase-3
independent execution of apoptotic cell death. Finally, we
demonstrated that inhibitor of PI3-K/Akt (LY294002) but
not MAPK/ERK1/2 (U0126) pathway blocked the protection
mediated by UDA in all tested models of neuronal cell inju-
ry. The data showed neuroprotective effects of UDA in var-
ious models of SH-SY5Y cell injury with the involvement
of activation of pro-survival PI3-K/Akt pathway in that
effect. Moreover, both caspase-3-dependent and -indepen-
dent mechanisms could be involved in the mechanism of
UDA-mediated protection in SH-SY5Y cells.

|A28|

Altered arginine metabolism in cells
transfected with human wild type amyloid
precursor protein (APP)

Jesko H.!, Wilkaniec A.1, Cieslik M.!, Hilgier W.2,
Gassowska M.1, Strosznajder J.B.1, Lukiw W.}.3,
Adamczyk A.!

IDepartment of Cellular Signalling, Medical Research Centre,
Polish Academy of Sciences, Warsaw, Poland
’Department of Neurotoxicology, Medical Research Centre,
Polish Academy of Sciences, Warsaw, Poland
3Neuroscience Center of Excellence and Departments
of Neurology and Ophthalmology, Louisiana State University
Health Sciences Center, New Orleans, USA

Amyloid-beta (AB) peptide, the product of AB precursor
protein (APP) proteolysis plays a central role in Alzheimer’s
disease (AD). Recent evidence suggests that alteration of
urea cycle enzymes might be also involved in AD patholo-
gy. Our previous results showed that AB is associated with
the induction of oxidative/nitrosative stress and stimula-
tion of arginine metabolism by Nitric Oxide (NO) synthase
(NOS). Although urea cycle is associated with the citrul-
line-NO pathway, the impact of AB on arginine degrada-
tion by its enzymes is unknown. Therefore, in the present
study we investigated the expression of genes involved
in the urea cycle in rat pheochromocytoma (PC12) cells
overexpressing human wild type APP (APPwt). We com-
pared gene expression levels of neuronal, endothelial and
inducible NOS isoforms (NNOS, ENOS, INOS), urea cycle
enzymes and corresponding amino acids in control PC12
and APPwt cells. Expression of each NOS isoform and urea
cycle enzymes: Arginase-1 (ARG 1) and Arginase-2 (ARG2),
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Ornithine carbamoylotransferase (OTC), Argininosuccinate
synthase (ASS), Arginosuccinate Lyase (ASL) and Ornithine
Decarboxylase 1 (ODC1) was measured using quantitative
Real-Time RT-PCR. Determination of amino acids arginine,
ornithine and citrulline were carried out by high perfor-
mance liquid chromatography (HPLC). Moreover, we inves-
tigated the changes in miRNAs responsible for modulation
of gene expression of urea cycle in AD brains. Our data
demonstrated that the overexpression of human wild-
type APP in PC12 cells resulted in elevation of intracellu-
lar and secreted A. The expression of urea cycle genes is
disturbed both in APPwt-transfected PC12 cells and in AD
brains. The expression of ARGI and ARG2 enzymes which
are responsible for the lysis of arginine to ornithine and
urea was significantly reduced in APPwt cells by about
three- and two-fold, respectively. ODCI, which catalyzes
the decarboxylation of ornithine to form putrescine was
reduced in APPwt cells by 36%. The expression of ASS that
catalyzes the condensation of citrulline and aspartate to
form argininosuccinate was also down-regulated in APPwt
cells by 24% without changes in ASL gene expression. Our
results indicated that arginine, the substrate for both NO
synthesis and urea cycle, was unchanged in APPwt cells
comparing to control. However, citrulline and ornithine
were found to be significantly elevated in APPwt cells by
22% and 14%, respectively. We then investigated how the
expression of NOS isoforms changed in each cell lines.
Real-time PCR analysis revealed significant elevation of
NNOS and ENOS mRNA by about six-fold and 50%, respec-
tively in APPwt cells comparing to control, whereas iNOS
was not detectable. In addition, we have found elevated
level of MiRNA-9 and -128a in AD brains that might mod-
ulate the expression of ASS and NOS, respectively. These
results indicated that AB peptide is involved in the urea
cycle modification in PC12 cells. We conclude that this
peptide might have important role in AD pathomechanism
via alteration of the arginine metabolism by NOS and urea
cycle enzymes.

Supported from IMDIK statutory theme 17.
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TLR2 and TLR4 antagonists act like analgesics
and potentiate opioids effectiveness under
neuropathic pain

Jurga A.M., Rojewska E., Kolosowska N.,
Popiolek-Barczyk K., Makuch W., Przewlocka B., Mika J.

Department of Pain Pharmacology, Institute of Pharmacology,
Polish Academy of Sciences, Cracow, Poland

Neuropathic pain is one of a current major clinical
problems since its pathogenesis is still not known. It
may appear as a consequence of nervous system dam-
age or as a co-symptom of many diseases. There is rising
amount of hypotheses indicating toll like receptors (TLRs)
to play a role in neuropathic pain development and that
TLR-dependent glial activation reduce opioids analgesia.
The goal of our experiments was to evaluate the contri-
bution of TLR2 and TLR4 in modulation and maintenance
of neuropathic pain and their ability to amplify the mor-
phine and buprenorphine effectiveness in neuropathic
pain model. Experiments were performed on Wistar male
rats and consisted of biochemical analysis (Western
blot, gPCR) of the lumbar ipsilateral spinal cord tissue
and behavioral tests (von Frey’s for tactile allodynia, cold
plate for thermal hyperalgesia). Neuropathic pain was
developed using Bennett’s model (chronic constriction
injury (CCl) to the sciatic nerve). TLR antagonists were
administered once per day for 7 days after CCl: LPS-RS
(TLR4&TLR2 antagonist) and LPS-RS Ultrapure (TLR4
specific antagonist) — allodynia and hyperalgesia were
measured 1-3 hours after drug administration on day
2 and 7 after CCl. Opioids (morphine or buprenorphine)
were injected once on day 7, after CCl and 60 min after
morning antagonists administration. All experiments
were carried out according to the recommendations of
International Association for the Study of Pain (Zimmer-
mann et al. 1983) and the NIH Guide for Care and Use
of Laboratory Animals and were approved by the Local
Bioethics Committee (Cracow, Poland). Biochemical anal-
ysis shows on day 7 after CCl the strong up-regulation of
TLR2 and TLR4 mRNA and protein levels as measured on
the ipsilateral dorsal (L4-L6) spinal cord level as compare
to the naive rats. Repeated intrathecal administration of
LPS-RS and LPS-RS Ultrapure attenuated allodynia and
hyperalgesia as measured by von Frey and cold plate
tests. Additionally, we examined if chronic administra-
tion of TLR receptor antagonists influence opioids anal-
gesia on 7t day. Our preliminary data suggest that both
TLR2 and TLR4 indeed play significant role in neuropathic
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pain development, since their levels are elevated in neu-
ropathic pain conditions.

Grant OPUS 2011/03/B/NZ4/00042.
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Contribution of CCK, receptors
to cardiovascular and respiratory effects
of cholecystokinin in anesthetized rats

Kaczynska K., Szereda-Przestaszewska M.

Laboratory of Respiratory Reflexes, Mossakowski Medical
Research Centre, Polish Academy of Sciences, Warsaw, Poland

Cholecystokinin (CCK) is a neurotransmitter, neuro-
modulator and a gastrointestinal hormone present in the
central and peripheral nerve terminals and in endocrine
cells. Within the brain CCK is engaged in feeding/satiety,
pain/analgesia, panic/anxiety and neurological disorders.

In the nodose ganglia, abounded with cell bodies of pri-
mary afferent fibers transmitting sensory information from
the cardiorespiratory organs, mRNA for CCK, and CCK,
receptors is expressed. Nucleus of the solitary tract, a key
brainstem area for the integration of autonomic functions,
receiving projections from afferents of the nodose ganglia,
displays immunoreactivity for CCK and its receptors.

Therefore, we investigated a share of vagal input at
infra- and supra-nodosal level and the contribution of
CCK,, and CCK, receptors to the cardiorespiratory respons-
es produced by an intravenous injection of cholecystokinin
in anesthetized rats.

Cholecystokinin administered intravenously at a dose
of 50 pg/kg induced short-lived decline in tidal volume
and respiratory rate resulting in depression of minute
ventilation. Mid cervical vagotomy had no effect on CCK-
evoked ventilatory changes, whereas supranodosal dener-
vation abolished slowing down of the breathing. Cardio-
vascular response to the CCK challenge was characterized
by a transient decrease, followed by an augmentation in
the mean blood pressure (MAP) in the intact animals. Fol-
lowing vagotomy performed at both levels, the declining
phase of MAP was abrogated. Blood pressure changes
were associated with decreased heart rate present in all
neural states. All cardiovascular and respiratory effects
were antagonized by pretreatment with devazepide —
CCK, receptors’ antagonist, whereas CI988 - an antago-
nist of CCK, receptors, was ineffective.
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In conclusion, our results indicate that CCK modulates
slowing down of respiratory rhythm via CCK, receptors
located in the nodose ganglia, and depresses tidal volume
via the central CCK, dependent mechanism. CCK-evoked
declining in blood pressure may be due to the activation
of vagal afferents, whereas pressor responses seem to be
possibly mediated by the activation of CCK, receptors in
the vasculature and/or central nervous system. Bradycar-
dia was probably induced by the direct action of CCK on
heart pacemaker cells.

|A31]

Involvement of 5-HT, , receptors in
mirtazapine and risperidone co-treatment
effect on NA, DA and 5-HT extracellular level
in the rat frontal cortex

Kaminska K., Golembiowska K., Rogoz Z.1-?
IDepartment of Pharmacology, Institute of Pharmacology,

Polish Academy of Sciences, Cracow, Poland
2The Podhale State Higher Vocational School, Nowy Targ, Poland

Major depressive disorder (MDD) is a chronic men-
tal illness with a life time prevalence of 5-12% in adult
men and 9-26% of adult women. Although initial antide-
pressant (AD) therapy significantly reduces symptoms of
depression in many patients, only 50-60% of persons with
MDD respond to the treatment. Moreover, ca. 30-40%
of MDD patients never achieve symptom resolution by
means of a standard AD therapy. The problem of AD-
resistant depression has been the subject of a number
of thorough studies, with no apparent therapeutic suc-
cess, though. Hence, there is a strong need for an alter-
native antidepressant treatment. Several clinical reports
have postulated a beneficial effect of an additional low
dose risperidone to ongoing treatment with ADs. Like
other atypical antipsychotic drugs, risperidone is known
to produce minimal extrapyramidal side-effects compared
to classical antipsychotics. It has been proposed that
risperidone in lower doses acts mainly by blocking 5-HT,,
serotonin receptors, while at higher doses it mostly blocks
D, dopamine receptors. Moreover, it has been shown that
mirtazapine, a noradrenergic and specific serotonergic
AD is an agonist of 5-HT,, receptor and an antagonist
of the central a,-auto- and hetero-adrenoreceptors. It
also blocks 5-HT, and 5-HT, receptors and displays a very
low affinity for DA receptors and a high affinity for hista-
mine H, ones.
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The aim of our study was to understand the mecha-
nism of clinical efficacy of combination an antidepressant
and an antipsychotic in drug-resistant depression.

We studied the effect of an AD (mirtazapine) and rispe-
ridone (an atypical antipsychotic) given separately or join-
tly, on the extracellular levels of dopamine (DA), serotonin
(5-HT) and noradrenaline (NA) in rat frontal cortex. The ani-
mals were given single intraperitoneal injections of risper-
idone (1 mg/kg) and mirtazapine (10 and 20 mg/kg). The
release of monoamines was investigated using a micro-
dialysis in freely moving animals, and assayed by HPLC
with coulochemical detection.

Mirtazapine dose-dependently increased the cortical
extracellular levels of DA, 5-HT and NA. Similarly, rispe-
ridone increased the cortical extracellular levels of the
monoamines studied. The combination of mirtazapine
(20 mg/kg), or both doses of mirtazapine (10 and 20 mg/
kg), with risperidone produced significantly stronger release
of DA and NA, respectively (but not of 5-HT release) com-
pared to the effect of administration of a single drug. The
increase in the DA (but not NA) release induced by mir-
tazapine plus risperidone was partly blocked by the selec-
tive 5-HT, , antagonist WAY 100635 (0.2 mg/kg).

The obtained results suggest that the ability of risperi-
done to augment the therapeutic efficacy of mirtazapine
in treatment-resistant depression may be due, at least in
part, to the potentiation of mirtazapine-induced increases
in cortical DA and NE. Furthermore, among other mecha-
nisms, 5-HT, , receptors may play some role in this action.

This study was financially supported by statutory funds
of the Institute of Pharmacology, Polish Academy of Scienc-
es, Cracow, Poland.
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Brain swelling after pilocarpine-induced
epilepsy: effect of cerebral malformation
in rats
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Brain edema and gliosis accompany neuronal loss as
the main effects of epileptic seizures, both in patients and
in animal models, such as pilocarpine administration.

Cerebral malformations in humans are strongly associat-
ed with intractable epilepsy, especially in pediatric patients.
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The most prevalent of these is the focal cortical dysplasia
(FCD), a cryptogenic malformation of brain development
resulting in loss of cortical lamination, formation of cortical
and subcortical ectopias, disrupted white matter and other
abnormalities. Animal models aimed at simulation of these
phenomena rely on controlled physical or pharmacological
disruption of neurodevelopment. The onset of this disrup-
tion, i.e. the day of gestation when the stimulus is applied,
determines the pattern of changes and their severity.

Here, we used prenatal gamma irradiation at embryo-
nic days E13, E15, E17 or E19 in comparison with untreat-
ed controls, to elucidate the effects of irradiation-induced
dysplasia on the volume of different brain structures.
We have previously shown that the presence of dysplas-
tic changes interacts with epileptogenic factors affect-
ing seizure susceptibility and the expression of glial and
neuronal markers. We hypothesize that after pilocarpine
injection — a widely studied model of epileptic seizures —
different patterns of dysplasia would differentially affect
the resulting changes in brain volume.

Animals irradiated with a dose of 1 Gy at E13 (N = 11),
E15 (N =9), E17 (N = 9) or E19 (N = 8), as well as nor-
mal controls (N = 10) were given pilocarpine (250 mg/kg)
at P60. After 72 h the animals were sacrificed, perfused
transcardially with 10% formalin and the brains were
removed. T2-weighed images taken with a 9.4 T magnetic
resonance scanner were then obtained. Using a computer-
assisted Cavalieri method, the volumes of the entire brain,
hippocampus and brainstem structures (midbrain, pons
and medulla oblongata) were estimated. Volumes were
compared between groups to show differentially affected
regions. Also, within each group, comparisons were made
with age-matched untreated animals: irradiated at E13
(N=12),E15(N=12),E17 (N=12) orE19 (N = 12) and naive
controls (N = 14). ANOVA with HSD corrected for unequal
N or Student’s t-tests were used.

In both pilocarpine-treated and untreated animals,
brain volume was reduced in a time-dependent manner,
with animals irradiated earlier showing a more profound
loss in brain volume. In animals after pilocarpine injection,
hippocampal volume normalized to whole brain volume
follows an opposite trend, with greatest effects in animals
irradiated at E17 or E19. In addition, pair-wise comparison
of naive vs. pilocarpine treated rats revealed an attenu-
ated effect of seizures on brain and hippocampal volume
in animals irradiated at E19. This is consistent with the
notion that dysplasia modifies the effects of pro-convul-
sive stimuli, with effects depending on the onset of dis-
turbed neurogenesis.

Supported by National Center for Science (NCN) grants
DEC-2012/05/N/NZ2/00641 and 2011/01/B/NZ4/00586.
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Neurochemical changes linked to
antipsychotic-like phenotype of mGlu4
knockout mice
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Introduction: The metabotropic glutamate 4 (mGlu4)
receptor has been proposed as an important target in the
search of novel antipsychotic drugs. Several orthosteric
and allosteric activators of that receptor were shown to
possess antipsychotic effects in animal models of schizo-
phrenia. In the present study we investigated the role of
mGlu4 receptor in the pathophysiology of schizophrenia.
We used mGlu4 knockout mice to see, if the lack of the
receptor results in any behavioral changes in animal mod-
els of psychosis. Moreover, we investigated a possible
neurochemical changes in the selected proteins known
as the markers of psychosis, e.g. 5-HT1A receptor, GAD65
and GAD67 enzymes. The level of proteins was investigat-
ed in the stratum, hippocampus and prefrontal cortex.

Material and methods: Adult C57BL/6) mice with
mGlu4 receptor knockout (mGlu4 KO) and wild type (WT)
mice were used in this study. Mice with mGlu4 receptor
knockout were generated in Institute of Pharmacolo-
gy, Polish Academy of Sciences in Krakow. Animals were
maintained under standard laboratory condition on
12-hour light/12-hour dark cycle at a room temperature of
19-22°C with free access to food and water. To investigate
phenotype of mGlu4 KO we used behavioral models of
selected symptoms of schizophrenia, such as DOI-induced
head twitches and one-trial recognition task. Animals were
treated with GABAB antagonist CGP 55845 (10 mg/kg, i.p.)
or 5-HT1A antagonist, WAY 100635 (0.2 mg/kg, s.c.), 30 and
45 min before test, respectively. The relative mRNA expres-
sion of 5-HT1a receptor, GAD-65 and GAD-67 enzymes was
measured with the use of quantitative Real-Time Reverse
Transcriptase PCR.

Results: Knockout mice had a reduced response
to psychostimulant in DOI-head twitches reflected by
decreased number of episodes, as well as less sensitivi-
ty to MK-801-induced disruption in one-trial recognition
task. The behavioral effect observed in mGlu4 knockouts
in DOl-induced head twitches was reversed after adminis-
tration of CGP 55845 and WAY 100635. In the mRNA stud-
ies the decreased level of 5-HT1A mRNA in the frontal cor-
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tex was observed, but not in the hippocampus or striatum.
In contrast, the increases in GAD-65 and GAD-67 mRNA
levels in frontal cortex were noticed. The level of GAD65
mRNA was also increased in the hippocampus, but neither
of GADs were changed in the stratum.

Conclusions: The present study shows an antipsy-
chotic-like phenotype of mGlu4 mutant mice which
can be reversed by GABAB antagonist (CGP55845) or
5-HT1A antagonist (WAY100635). Furthermore, the chang-
es in the mRNA level of selected proteins known to be
important in schizophrenia are relevant to the phenotype
observed in the behavioral studies and stays in line with
human studies.
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Sildenafil, an inhibitor of phosphodiesterase 5
(PDE5), affects asymmetric behavior

and monoamine metabolism in unilaterally
6-OHDA-lesioned rats treated chronically with
L-DOPA

Kmiec I., Lenda T., Kaminska K., Czarnecka A.,
Lorenc-Koci E.

Department of Neuro-Psychopharmacology, Institute
of Pharmacology, Polish Academy of Sciences, Cracow, Poland

The dopamine replacement therapy with L-DOPA still
remains the most widely used treatment for Parkinson’s
disease (PD). However, over time, the effectiveness of the
drug decreases, while motor complications, such as dyski-
nesia, develop. Therefore, the search for a new therapeu-
tic approach that can provide benefit over L-DOPA thera-
py is still ongoing. Recently, attention of researchers has
focused on the nitric oxide (NO) — soluble guanylyl cyclase
(sGC) — cyclic GMP signaling pathways in the striatum as
a new target for the treatment of PD.

The aim of the present study was to examine the
effects of chronic i.p. treatment with the phosphodiester-
ase 5 (PDES5) inhibitor, sildenafil in combination with the
widely used antiparkinsonian drug, L-DOPA on asymmet-
ric behavior and monoamine metabolism in the striatum
(STR) and substantia nigra (SN) of unilaterally 6-OHDA-le-
sioned rats. The experiments were performed on male Wis-
tar rats injected unilaterally with 6-OHDA (8 pg/4 pl) into
the medial forebrain bundle. Two weeks later, rats exhib-
iting more than 100 contralateral rotations per 1 h in the
apomorphine (0.25 mg/kg) test, indicative on an extensive
loss of the nigrostriatal neurons, were treated chronically
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with sildenafil (2 mg/kg) and L-DOPA (12.5 mg/kg), alone or
in combination, once daily for successive 14 days. Rotatio-
nal behavior was also recorded immediately after the first
and penultimate doses of the examined compounds. Rats
were killed 1 h after the last doses of these drugs, their STR
and SN were dissected on an ice-chilled plate and stored
at =80°C until further procedures were applied. The tissue
concentrations of dopamine (DA) and its metabolites were
determined using an HPLC method.

Our results showed that sildenafil did not evoke con-
tralateral rotations after acute or chronic treatment. In
contrast, L-DOPA produced distinct contralateral rota-
tions already visible 10 min after its first dose and lasting
almost 100 min. Moreover, after chronic L-DOPA treatment
their number was higher than after its acute injection.
However, after combined acute administration of sildena-
fil and L-DOPA, the number of contralateral rotations was
markedly higher while after chronic treatment lower than
in the group receiving L-DOPA alone. Regarding DA con-
centration, chronic sildenafil administration affected the
tissue DA level neither in the ipsi- nor contralateral STR
and SN. Chronic treatment with L-DOPA alone significantly
increased the tissue DA content only in the ipsi- and con-
tralateral SN when compared to the corresponding side
of the 6-OHDA-lesioned groups receiving sildenafil. How-
ever, chronic combined treatment with these compounds
produced markedly higher increases in the tissue DA con-
tents in the ipsilateral STR and SN than in the group of rats
receiving L-DOPA alone.

The obtained results suggest that administration of
a low dose of the PDE5 inhibitor, sildenafil jointly with
L-DOPA modulates rotational behavior and tissue DA
concentrations in the nigrostriatal system of unilaterally
6-OHDA-lesioned rats.

This work was supported by a grant from the Nation-
al Science Centre of Poland, based on decision No. UMO-
2011/01/B/NZ4/01581.
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The evidence for potential of human bone
marrow mesenchymal stem cells to cross
the blood-barrier after their intra-arterial
transplantation
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Introduction: Mesenchymal stem cells (MSC) have re-
cently emerged as promising candidates for cell-based
therapy in neurological disorders. Based on differentiation
potential of MSC initial studies focused on the regenerative
capacity of these cells. However, over time it became clear
that MSC mediated their positive effect rather through the
production of trophic factors. The mechanisms of action used
by MSC i.e. immunomodulation, cell protection, pre-repara-
tion and stimulation of angiogenesis have been elucidated
in vitro but the data from pre-clinical studies have been
unclear. Furthermore, the potential for minimally invasive
delivery of MSC therapy in term of clinical transplantation is
of particular interest. Critical questions include MSC homing
to ischemic tissues from peripheral blood and the efficien-
cy of this process. The aim of the study was to analyze the
presence, distribution and quantity of human bone marrow
mesenchymal stem cells (nBM-MSCs) after their intra-arteri-
al delivery in focal cerebral ischemic rats.

Material and methods: The experiments were per-
formed in adult male Wistar rats. To induce rat brain injury
ouabain — Na/K ATPase pump inhibitor have been chosen
which brings metabolic and structural cell changes that
mimic ischemic deep-brain, stroke-like lesion. For the sur-
gical procedure rats were anesthetized and immobilized in
a stereotactic apparatus, then a small burr hole was drilled
in the cranium over the right hemisphere, the needle was
lowered into the right striatum and 1 ul/50 nmol ouabain
was injected. Two days after the ischemic insult, 5 x 10°
hBM-MSC (Lonza) tagged with iron nanoparticles conju-
gated with rhodamine (Molday, BioPAL) were transplanted
into the right internal carotid artery. After 1, 3, 7, 14, 21
and 28 days post-transplantation rats were sacrificed, the
brains were removed and quickly frozen. Then immuno-
cytochemical analysis of hBM-MSC present in the brain,
cervical lymph nodes and spleen was performed using
anti-human (CD44, STEM121 and Ku80) antibodies.
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Results: The preliminary results of ongoing studies
revealed the presence of transplanted cells in the rat
brain. hBM-MSC injected intra-arterially were visible in the
right hemisphere in the area between cortex and stratium
of ouabain-injured rat brain near the ischemic lesion. The
fluorescent signal of Molday particles and positive stain-
ing for human antigens were observed until 28 days of
observation after h(BM-MSC transplantation.

Conclusions: Intra-arterial delivery of hBM-MSC pro-
motes their migration to ischemic sites of the brain where
they may release paracrine factors for the local or system-
ic effect. The further studies of hBM-MSC presence in the
lymphatic tissues as well as neurotrophic, neuroprotective
and immunomodulating function of transplanted cells in
focal cerebral ischemic disorders are in progress.

This work was support by KNOW 06 project: “The role
of bone marrow mesenchymal stem cells in CNS repair of
brain ischemia disorders”.
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Influence of dopamine agonists
on the harmaline-induced tremor
measured by force plate actimeters

Kosmowska B., Glowacka U., Wardas J., Ossowska K.

Department of Neuro-Psychopharmacology, Institute
of Pharmacology, Polish Academy of Sciences, Cracow, Poland

Harmaline is a B-carboline derivative which is common-
ly used for modelling one of the most frequent movement
disorder, essential tremor (ET), in animals and screening
potential tremorolytic drugs. Oscillation frequency of the
harmaline-induced kinetic/postural tremor is 10-12 Hz
in rats. It is generally accepted, that the primary cause of
tremor induced by this compound is an abnormal synchro-
nous activation of the olivo-cerebellar glutamatergic climb-
ing fibres. This activation leads to increased glutamate
release in the cerebellum and induction of complex spike
activity of Purkinje cells of the cerebellar cortex. However,
mechanisms underlying harmaline-induced tremor seem
to involve also other neurotransmitter systems.

The aim of the present study was to examine the influ-
ence of the non-selective agonists of dopamine receptors:
apomorphine (D,-D.) and pramipexole (D,, D,) on the har-
maline-induced tremor in rats. Propranolol (the first-line
treatment of ET) was used as a reference compound. Since
tremor is difficult to quantify and distinguish from other
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motor abnormalities in animals, this behaviour was meas-
ured objectively by fully automated Force Plate Actime-
ters. To quantify the intensity of the tremor, the follow-
ing parameters were measured: AP1 (power in the 0-8 Hz
band), AP2 (power in the 9-15 Hz band) and tremor index
(difference in power between the AP2 and AP1). In order
to examine the locomotor activity, the total distance trav-
elled by an animal was also measured. In some groups of
animals the focused stereotypy or AP2/distance ratio was
analysed additionally.

The generalised tremor induced by harmaline adminis-
tered at a dose of 15 mg/kg i.p. was related to an increase
in the AP2 parameter and the tremor index. Propranolol
injected at a dose of 20 mg/kg i.p. reversed both the above
effects of harmaline. Apomorphine administered at doses
of 0.5 and 1 mg/kg s.c. further enhanced AP2 and at the
lower dose also the tremor index elevated by harmaline.
The increase in the AP2 was stronger than an enhance-
ment of locomotor activity induced by apomorphine in the
harmaline-treated animals. Pramipexole (0.1, 0.3 and 1.0
mg/kg s.c.) had no effect on tremor index, but at dose of
0.1 mg/kg significantly reduced AP2 parameter.

The present study suggests that apomorphine enhanc-
es the tremor induced by harmaline, and this effect is at
least partly independent of hyperactivity induced by this
dopamine agonist. In addition, the results after prami-
pexole administration revealed the contribution of D,/D,
receptors in regulation of tremor in harmaline model of ET.

The study was supported by Statutory Funds of the
Department of Neuro-Psychopharmacology, Institute of
Pharmacology, Polish Academy of Sciences, Cracow, Poland.
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Effects of different stressors on amygdalar
monoamines

Krotewicz M.!, Bajer M.!, Krotewicz M.K.2

IDepartment of Neurobiology, Faculty of Biology and Environent
Protection, University of Lodz, Lodz, Poland

2Departament of General and Colorectal Surgery, Medical
University of Lodz, Lodz, Poland

The amygdala has attracted interest as concerns its
implication in emotion — behaviour interactions. The amyg-
dala complex receives innervation from the noradrenergic,
serotonergic and dopaminergic pathways originating from
the brain stem. The monoaminergic systems participate
in the regulation of emotional behaviour. On the other
hand, it was shown that different stressors have an impact
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on monoaminergic neurotransmission. In order to com-
pare the neurochemical effects of different stressors we
exposed rats to the most popular anxiety tests. The anx-
iety tests are widely used to study behaviour of rats in the
“stress” — inducing situation. In these different ethologi-
cal procedures, animals are exposed to unknown environ-
ment differing in size, shape, lighting, time of exposure etc.
The most popular anxiety tests for the study of exploration
and emotionality in rodents have become the open field
(OF) and the elevated plus-maze (EPM). The influence of
various pharmacological agents on behaviour and physi-
ological functions have been investigated in these tests. It
should also be noted that the anxiety tests are used inter-
changeably in the investigation of anxiety mechanisms. In
the present study we undertook a simultaneous examina-
tion of noradrenergic, serotonergic and dopaminergic sys-
tems activity in the amygdala of rats exposed to one of
the three anxiety tests: open field (OF), elevated plus maze
(EPM) and transitions test (TT). The experiments were per-
formed at the same time on adult male Wistar rats, housed
in groups under controlled conditions. The rats were indi-
vidually subjected to one of the anxiety tests (OF, EPM or
TT) and sacrificed by decapitation immediately after a test
procedure. The concentration of noradrenaline, dopamine,
serotonin and their metabolites were determined in the
amygdala using high-performance liquid chromatography
with electrochemical detection. The results of our study
showed that stressogenic procedure of the used anxiety
tests exerted influence on indices of the monoaminergic
systems activity in the amygdala. Especially, the exposure
of rats to the used tests (OF EPM and TT) was accompa-
nied by increase in serotonin turnover in the amygdala.
The obtained data revealed that the exposition of rats
on the stressogenic situation deeply increase serotonin
metabolism in the amygdala region. It is likely that the ele-
vation of serotonin turnover in this emotional brain region
sensitize the serotonergic system on influence of seroton-
ergic ligands. The presented results confirm our previous
observation that the transition test (TT) is a good tool to
study behavioural effects of anxiolytic agents acting on ser-
otonergic system.
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Opioid receptors expression and PGP
9.5-positive epidermal nerve fiber density
in psoriasis — relationship with itch

Kupczyk P.1, Reich A.2, Wysokinska E.3, Gajda M.4,
Holysz M.%, Hwang T.5, Kobuszewska A.2,
Nowakowska B.»7, Drukala J.8, Szepietowski J.C.?2
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3Laboratory of Molecular Immunobiology of Cancer,
Department of Experimental Oncology, Ludwik Hirszfeld
Institute of Immunology and Experimental Therapy,
Polish Academy of Sciences, Wroclaw, Poland
“Department of Histology, Jagiellonian University Medical
College, Cracow, Poland
>Department of Biochemistry and Molecular Biology,
Medical University of Poznan, Poznan, Poland
5Department of Pharmacology, Medical University of Minnessota,
MN, USA
’Laboratory of Cellular and Tissues Engineery, Department of Cell
Biology, Division of Biochemistry, Biophysics and Biotechnology,
Jagiellonian University, Cracow, Poland
8Laboratory of Tissues Immunology, Medical Center of Ludwik
Hirszfeld Institute of Immunology and Experimental Therapy,
Polish Academy of Sciences, Wroclaw, Poland

Opioid receptors (OR): OPRMI/MOR, OPRK1/KOR,
OPRD1/DOR, OPRL1/ORL are highly expressed in central
nervous system (CNS) and to lesser degree outside the CNS
in peripheral tissues like lungs, heart, vessel walls, immune
cells and in the skin. OR in the skin participate in trans-
mission of molecular signals from CNS and control kerati-
nocyte differentiation, proliferation, and apoptosis. OR are
also suggested as potential targets for peripheral pain and
itch therapy.

However, molecular studies on itch in psoriasis gave
inconclusive results. The most widely discussed theory
mentioned downregulation of skin nervous system and
imbalance of different classes of neurobiological path-
ways. OR theory suggested that OPRM1/MOR system is
responsible for promotion, while OPRK1/KOR system for
suppressing itch signals in the skin and CNS. To prove
this suggestion, 20 psoriasis patients with and without
itch underwent punch biopsies from non-lesional and
lesional skin. The results of study of OR expression and
epidermal nerve density were compared with the clinical
parameters. Itch intensity have been assessed using VAS
(Visual Analogue Scale), while severity of psoriasis with
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PASI (Psoriasis Area and Severity Index). Control group
consisted of skin samples obtained from 20 healthy volun-
teers. A multiplex real-time PCR with UPL probes were
used to determine gene expression of OPRM1/ACTB and
OPRK1/ACTB by relative quantification analysis. Protein
expression evaluation was performed by indirect immuno-
fluorescence on skin frozen sections using anti-MOR and
anti-KOR antibodies labelled with secondary fluorochrome
conjugated antibodies. Fluorescence intensity analysis
was done using Image).

OPRM1/MOR expression was similar in all groups,
while OPRK1 gene show decreased expression in lesional
psoriatic skin compared to controls. A lower expression of
OPRK1 gene was noted in patients with itch compared to
those without itch. KOR expression was not significant-
ly different in lesional and non-lesional skin of patients
without itch compared to control group. Lesional skin with
itch showed significantly lower KOR expression compared
to non-lesional one or control group. Epidermal innerva-
tions analysis show significantly higher PGP 9.5-positive
nerve density in non-lesional and lesional skin compared
to control and exhibited positive correlation with VAS and
reverse with PASI.

Based on our results, we believe that imbalance of
OPRK1/KOR and constant OPRM1/MOR expression with
downregulation of cutaneous nervous system may be rel-
evant neurobiological and molecular pathogenic factors in
psoriatic itch.

|A39)]

Activity and supercomplexes assembly

of mitochondrial complex | and IV in striatum
during process of functional compensation
for deficits in dopaminergic system in rat

Kuter K.1, Ossowska K.1, Dencher N.2

IDepartment of Neuropsychopharmacology, Institute

of Pharmacology, Polish Academy of Sciences, Cracow, Poland
2Physical Biochemistry, Department of Chemistry, Technische
Universitdt Darmstadt, Darmstadt, Germany

Introduction: At the early stages of Parkinson’s dis-
ease (PD) motor degeneration of dopaminergic system is
masked by potent compensatory mechanisms. Mitochon-
drial oxidative phosphorylation complexes (Cx) I, il and IV
form higher order structures — supercomplexes (SCxs) that
improve their function by channeling substrates, stabiliz-
ing protein assemblies and reducing ROS formation. Com-
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pensatory processes could depend on increased energetic
demands for surviving cells and intracellular adaptations
in mitochondrial function and structure. Our aim was to
investigate if functional compensation of motor deficit
after selective degeneration of dopaminergic neurons
would influence activity of mitochondrial Cx | and IV and
cause adaptation in their SCx assembly.

Material and methods: We have prepared PD rat mod-
el of selective nigrostriatal dopaminergic system degen-
eration by intracerebral, stereotaxic injection of 3 pug/3 pl
6-hydroxydopamine into medial forebrain bundle. Animals
showed decreased locomotor activity 3 days after the
operation and this disability was functionally compensat-
ed after 4 weeks. Using solubilized crude mitochondrial
membrane fraction from striatum we performed in-gel
enzymatic activity measurements of complex | and IV,
after blue-native electrophoresis.

Results: Cx | amount of SCxs and individual Cx |, as
well as performance of SCxs, (but not I,) decreased at
both time-points after operation, to the same degree. At
the same time specific activities were mostly not changed.
There were no significant changes in Cx IV amounts but
performance of Cx IV within SCxs was decreased — most-
ly after 4 weeks (I lILIV, 11ILIV,). Also, specific activity
of SCxs was decreased only 4 weeks after toxin injection,
correlating with functional compensation in behavior. No
changes were detected in Cx IV individual or dimeric form.

Conclusions: The decrease in specific activity of Cx IV
in form of SCxs indicated its role in compensatory mech-
anisms.

The study was supported by the Statutory Funds of
the Institute of Pharmacology, PAS, Cracow, Poland and
Technische Universitdt Darmstadt, Germany, DAAD scholar-
ship to KK.
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Gender differences in the neurochemical
response of trigeminal ganglion neurons
to peripheral inflammation in mice

Kuzawinska O., Lis K., Cudna A., Balkowiec-Iskra E.

Department of Experimental and Clinical Pharmacology,
Medical University of Warsaw, Warsaw, Poland

The trigeminal system, with first-order neurons in the
trigeminal ganglion (TG), provides sensory innervation to
craniofacial tissues, many of which are associated with
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chronic pain conditions, such as trigeminal neuralgias,
migraines and temporomandibular joint (TMJ) disorders.
Our previous studies showed that inflammatory reaction
in the area of TG nociceptive endings (induced by tooth
injury) affects neurochemical properties of TG ganglia,
causingincrease in concentration of both the neurotrophin
brain-derived neurotrophic factor (BDNF) and well-estab-
lished modulator of TG pain reaction — calcitonin gene-re-
lated peptide (CGRP). Moreover, our in vitro data showed
that among three proinflammatory cytokines examined
(IL-1, IL-6, TNF), only TNF was capable of influencing TG
ganglia properties. In the present study, we have employed
CFA-induced TG inflammation model to begin investigat-
ing the underlying molecular mechanisms of the inflam-
mation-induced changes in trigeminal neurons properties.

A model of oro-facial inflammation was obtained by
local injection of 30 pl of CFA to the mice left whisker pad.
Controls were injected with the same volume of saline.
Seven and 14 days after CFA injection mice were eutha-
nized by spinal cord dislocation. Both TG ganglia were
removed for quantitative PCR analysis. To study the effect
of peripheral inflammatory reaction evoked by CFA admin-
istration on TG function we measured the expression of
BDNF, CGRP and three proinflammatory cytokines — IL-18,
IL-6 and TNF, separately in the left and the right trigeminal
ganglia, both in male and female mice, 7 and 14 days after
induction of inflammation.

Our results indicate that response of TG ganglia to
peripheral inflammatory reaction is gender-dependent,
what may explain differences in frequency and severity of
trigeminal nerve-associated disorders observed between
women and men.

TG neurons in female mice showed increased expres-
sion of CGRPa, this neuropeptide may act as the main
mediator of trigeminal signaling during migraine.

This project has been supported by the Polish National
Science Center, based on the Decision No. DEC-2012/05/B/
NZ4/02385.

Research subject implemented with CePT infrastructure
financed by the European Union — the European Regional
Development Fund within the Operational Programme “Inno-
vative economy for 2007-2013".
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Maraviroc modulates neuropathic pain

by the CCR5 and CCR2 chemokine receptors

Kwiatkowski K., Rojewska E., Makuch W., Mika J.

Department of Pain Pharmacology, Institute of Pharmacology,
Polish Academy of Sciences, Cracow, Poland

Neuropathic pain develops as a result of pathological
lesions within the nervous system. Recently were identi-
fied pronociceptive properties of chemokines and chemo-
kine receptors. It was documented that the expression
of CCR5 receptor is increased as a result of nerve injury,
and it seems to be crucial for hyperalgesia and allodynia
development. CCR5 is mostly expressed by microglial cells.
What is more, previous research demonstrated that CCR5
and CCR2 chemokine receptors can link up in heterodi-
mers. In order to understand the potential role of CCR5
and CCR2 in neuropathic pain, the aim of our studies
was to examine the influence of selective antagonist of
CCR5 receptor (maraviroc) on hyperalgesia and allodynia
under neuropathy. Additionally we measured expression
of CCR5, CCR2 and glial cell markers in neuropathic pain
model. All experiments were carried out according to IASP
rules (Zimmermann 1983). According to Yaksh and Rudy
(1976) Wistar rats were implanted with intrathecal (i.th.)
catheters. After seven days we performed chronic constric-
tion injury (CCl) of the sciatic nerve according to Bennett
and Xie (1988). On day 3 and 7 after CCl two behavioral
tests were conducted to measure hyperalgesia (cold plate
test) and allodynia (von Frey test). gRT-PCR was used to
measure CCR5, CCR2, C1q and GFAP mRNA levels in spinal
cord and dorsal root ganglia (DRG) in vehicle- and mar-
aviroc-treated CCl-exposed rats. We provided evidence
that chronic (once a day) i.th. administration of maraviroc
attenuated the neuropathic pain symptoms on day 3 and
7 in CCl-exposed rats. gRT-PCR analysis indicate that mar-
aviroc decreased activation of C1g-positive cells in spinal
cord and DRG as measured on day 7 after CCl. Additionally
we validated at the same time point that expression of
CCR5 and CCR2 receptors is increased in spinal cord as
well as in DRG after sciatic nerve injury. Interestingly, those
changes are diminished by maraviroc chronic administra-
tion. Our results suggest that modulation of CCR5 and
CCR2 by maraviroc might be a potential novel therapeutic
approach for neuropathic pain treatment.

Supported by NCN2011/03/B/NZ4/00042 and statutory
founds.
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Chronic treatment with a nitric oxide

donor, molsidomine and L-DOPA, alone or
in combination, differently affect cGMP
concentration in the striatum of unilaterally
6-OHDA-lesioned rats

Lenda T., Kmiec I., Kaminska K., Czarnecka A.,
Konieczny J., Lorenc-Koci E.

Department of Neuropsychopharmacology, Institute
of Pharmacology, Polish Academy of Sciences, Cracow, Poland

It is well-known that dopamine (DA) modulates the
synthesis of second messengers: cyclic adenosine mono-
phosphate (cAMP) and cyclic guanosine monophosphate
(cGMP). DA acting via striatal DA D1 receptor stimulation,
activates adenylate cyclase (AC) and initiates CAMP synthe-
sis while via DA D2 receptor stimulation inhibits this reac-
tion. Moreover, DA-mediated stimulation of DA D1 recep-
tors localized on the striatal nNOS-containing interneurons
initiates NO synthesis while stimulation DA D2 heterore-
ceptors evokes opposite effects. Hence, DA-induced initia-
tion of NO synthesis and then NO-mediated activation of
soluble guanylyl cyclse (sGC) lead to the increased cGMP
production. The cGMP formation is tightly regulated not
only by enzymes contributing to its synthesis but also by
an enzyme involved in its degradation. In the DA-deaffer-
ented rat striatum 6-8 weeks after lesion, the cGMP level
was significantly decreased while cAMP increased. Chro-
nic treatment with L-DOPA differently affected the cAMP
and cGMP levels in the striatum (STR) of dyskinetic and
non-dyskinetic rats. In dyskinetic rats, the nucleotide lev-
els dramatically decreased in the ipsi- and contralateral
STR. In non-dyskinetic rats, cAMP increased while cGMP
decreased only in the contralateral STR.

The aim of the present study was to examine the effects
of chronic treatment with the nitric oxide donor molsidomie
and L-DOPA, alone and in combination, on the cGMP con-
centration in the STR of unilaterally 6-OHDA-lesioned rats.

The experiments were performed on male Wistar rats
injected unilaterally with 6-OHDA (8 ug/4 ul) into the
medial forebrain bundle (MFB). Control, sham-operated
rats received vehicle instead of 6-OHDA. Two weeks later,
6-OHDA-lesioned rats exhibiting more than 100 contralat-
eral rotations per 1 h in the apomorphine (0.25 mg/kg) test,
indicative on an extensive loss of the nigrostriatal neu-
rons, were treated chronically with molsidomine (2 mg/kg
i.p.) and L-DOPA (25 mg/kg i.p.), once daily for successive
14 days. The concentration of cGMP in the ipsi- and contra-
lateral STR was determined lhour after the last drug doses.
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Our data show that 4 weeks after unilateral injection of
6-OHDA into the MFB, the cGMP concentrations in the ipsi-
and contralateral STR were significantly increased compared
to the corresponding sides of the sham-operated group receiv-
ing ip. vehicle. Chronic treatment of unilaterally 6-OHDA-
lesioned rats with molsidomine alone caused further increas-
es in the cGMP levels on both sides of the STR vs. 6-OHDA-
lesioned group treated i.p. with vehicle. However, chronic
administration of L-DOPA alone to these rats enhanced the
cGMP concentration in the contralateral STR while combined
injection of molsidomine + L-DOPA increased significantly its
level in the ipsilateral STR compared to the corresponding
sides of 6-OHDA-lesioned group receiving i.p. vehicle.

The obtained results suggest that chronically adminis-
tered molsidomine, can affect the occurrence of dyskine-
sias by modulating the striatal levels of cGMP.

This work was supported by a grant from the Nation-
al Science Centre of Poland, based on decision No. UMO-
2011/01/B/NZ4/01581.
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Shifted activation of NF-kB transcription
factor in various cell subpopulations in rat
model of cerebral ischemic stroke
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of Gdansk, Gdansk, Poland
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of Slupsk, Slupsk, Poland
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Introduction: NF-kB plays a regulatory function in the
CNS during development and in various pathological con-
ditions. Dual, antagonistic role of NF-xB in cerebral stroke
is related with diverse composition of the complexes of
this transcription factor. NF-kB dimers containing RelA/
p65 subunit exacerbate brain damage by inducing pro-in-
flammatory and pro-apoptotic genes, whereas c-Rel-con-
taining dimers promote cell survival by inducing anti-apop-
totic gene transcription. While NF-xB presence in neuronal
nuclei was confirmed by numerous studies, its activation
in glial cells still remains the subject of discussion.

Aim: The aim of this study was answering the follow-
ing questions: 1) in which cell subpopulations and when
activation of RelA/p65 and c-Rel subunits of NF-xB occurs
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in the CNS after permanent cerebral ischemia?, 2) are there
any changes in the DNA-NF-«B binding activity during the
first 24 hours of ischemic stroke?

Material and methods: Permanent middle cerebral
artery occlusion (pMCAQO) was performed in 40 middle-
aged (72 weeks old) male Wistar rats. Animals were ran-
domly assigned to 4 experimental groups with different
post-ischemic survival period: 3 h, 6 h, 16 h and 24 h. Acti-
vation of NF-kB was assessed by immunohistochemistry
and immunoblotting. EMSA was performed to analyze the
DNA binding activity of NF-kB.

Results: After pMCAO activation of both subunits of
NF-kB was observed in neurons, astrocytes and microglia,
but not in oligodendroglial cell lineage. Activation of “neu-
roprotective” c-Rel subunit occurred during the first 3 h, and
was observed mainly in neurons. During the whole study
period, an increased expression of RelA/p65 was found
in the damaged tissue. Activation of this subunit in neu-
rons was present in all experimental groups, however — in
astroglia and microglia it was observed predominantly at 16
and 24 h after pMCAQ. Substantial loss in the number of neu-
rons during the first 24 hours of stroke was also present. In
our study, transient decrease in NF-kB-DNA binding activity
at 6 h, and subsequent increase — at 16 h and 24 h were
detected.

Conclusions: Regulatory function ofNF-xB transcrip-
tion factor in the acute ischemic stroke is related with its
presence in the various cellular subpopulations of the CNS.
Prevalence of RelA/p65 over c-Rel subunit explains the
dominance of pro-apoptotic action of NF-kB in this patho-
logical process. Changes in NF-kB-DNA binding activity
may result fromthe increased cell death of RelA/p65- and
c-Rel-immunoreactive neurons during the first hours of
ischemic insult and delayed activation of RelA/p65-con-
taining dimers in astrocytes and microglial cells, that
occurs no sooner than 16 hours after ischemia induction.

|A44|

Prenatal exposure to 4-para-nonylphenol
disrupts estrogen receptor a, but not estrogen
receptor 3 and retinoid X receptor signaling

in mouse embryonic neuronal cells

Litwa E., Rzemieniec J., Wnuk A., Lason W., Kajta M.

Institute of Pharmacology Polish Academy of Sciences,
Department of Experimental Neuroendocrinology, Cracow, Poland
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Nonylphenol (NP) belongs to a wide group of endo-
crine disrupting chemicals present in plastic wrappings,
bottles, and textile paints. Endocrine disrupting chemicals
are known to mimic, antagonize or modify the endogenous
hormonal activity and cause deleterious effects on living
organisms. Due to the structural similarity, nonylphenol is
able to imitate the natural hormone 17-beta-estradiol by
competing for the binding site of the estrogen. Although
half life of NP in humans is very short, humans are contin-
uously exposed to nonylphenol, especially by food intake.
Recent data demonstrated that it accumulates in the brain
in much higher concentrations than in other tissues. There
is a growing body of evidence that exposure to endocrine
disruptors during pregnancy or perinataly, impairs mental
development of infants and children. However, mecha-
nisms of action of nonylphenol on the brain tissue at early
stages of neural development need to be clarified. In the
present study we investigated the impact of prenatal expo-
sure to nonylphenol on estrogen receptors (ERa., ERB) and
retinoid X receptor (RXR) signaling in mouse hippocampal
cells. CD1 Swiss Albino pregnant mice were exposed to
nonylphenol from 6t to 16t gestation days. Hippocampal
cells from control and NP-treated mouse embryos were
cultured according to the standard procedures, and sub-
jected either to NP or its solvent at 7 day in vitro. Hippo-
campal cell cultures derived from control and NP-treated
mouse embryos expressed mRNAs and proteins for ERa,
ERB, and RXR, as detected by real time-PCR and specif-
ic ELISAs. Addition of nonylphenol (5 uM) to the cultures
stimulated mRNA expression of the receptors, except for
ERa. mRNA that remained unchanged in the cultures of
hippocampal cells from NP-treated embryos. Nonylphenol
(5.10 uM) also induced caspase-3 activity in hippocampal
cultures and enhanced it up to approximately 170% of the
control, independently of prenatal treatment of hippocam-
pal tissue. In both types of hippocampal cultures, ERB and
RXR antagonists, PHTPP and HX 531, attenuated the NP-
induced effect. However, ERa. antagonist MPP inhibited
the NP-evoked caspase-3 activity only in cultures derived
from NP-treated embryos. These data suggest that prena-
tal exposure of hippocampal tissue to NP disrupts ERa, but
not ERB and RXR signaling pathways, mainly by affecting
ERa. mRNA expression and anti-apoptotic capacity of the
receptor.

This work was supported by the Polish National Center
of Science, grant no. 2011/01/N/NZ4/04950.
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Effects of mGluR5 positive and negative
allosteric modulators on brain damage
evoked by hypoxia-ischemia in neonatal rats

Makarewicz D.!, Slomka M.}, Danysz W.?, Lazarewicz J.W.!
IDepartment of Neurochemistry, Mossakowski Medical Research

Centre, Polish Academy of Sciences, Warsaw, Poland
2Merz Pharmaceuticals GmbH, Frankfurt am Main, Germany

In the present study, we tested the hypothesis that the
level of brain development determines the effectiveness
of functional coupling between metabotropic glutamate
receptor 5 (mGlUR5) and N-methyl-D-aspartate receptors
(NMDARSs) in terms of neuroprotection. We examined the
effects of negative and positive allosteric modulators of
mGlu5 receptors (fenobam and ADX47273, respectively) on
brain damage induced by hypoxia-ischemia (H-1) in 7-day-
old rats. The test drugs were administered intraperitone-
ally 10 min after H-I. Rectal body temperature was mea-
sured for 2.5 h, and the weight of both hemispheres was
determined 14 days after the insult. In the vehicle-treated
groups, H-I reduced the weight of the ipsilateral (ischemic)
hemisphere by approximately 33%. Fenobam (10 mg/kg)
had no significant effect on brain damage or the weight of
the contralateral (control) hemisphere. In contrast, feno-
bam (20 mg/kg) potentiated ischemic brain damage by
57.4%. ADX47273 (5, 10, and 30 mg/kg) had no significant
effect on ischemic brain damage and did not interfere with
the weight of the contralateral hemisphere. In all of the
experimental groups, we detected no significant changes
in rectal temperature. In conclusion, in 7-day-old rats, the
bidirectional modulation of mGIuR5 by fenobam (10 mg/
kg) and ADX47273 (all doses tested) did not result in sig-
nificant changes in H-I-evoked brain damage, supporting
the hypothesis that the coupling of mGluR5 and NMDARs
is a phenomenon that depends on brain development and
is not fully operational in 7-day-old rat pups.
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Initial characterization of neurotrimin (Ntm)
gene deficient mice
Mazitov T., Innos J., Vasar E.

Institute of Biomedicine and Translational Medicine,
University of Tartu, Estonia

Introduction: Neurotrimin protein belongs to the
IgLON family of proteins with Lsamp, Obcam, and Kilon.
All these molecules are quite similar, highly glycosylated
membrane proteins, characterised by three Ig domains
and GPI anchor. They act as heterodimers forming pro-
tein complexes that stimulate and inhibit neurite out-
growth and guide axons. On the organism level, members
of the IgLON family have been implicated in psychiatric
disorders, obesity and certain types of cancer. The goal of
our research group is to characterize the IgLON family as
a whole by means of both, model organisms (knockout
mice) and molecular methods. We have provided a thor-
ough characterization of the phenotype of Lsamp-defi-
cient mice and have now extended our research to include
Ntm-deficient mice.

Material and methods: Neurotrimin (Ntm) gene defi-
cient homozygous and heterozygous male and female
mice and their wild-type littermates were tested in a bat-
tery of behavioral tests. Also some preliminary pharmaco-
logical experiments were performed to test for possible
changes in major monoaminergic systems.

Results: First, we tested the animals for vision, hear-
ing and olfaction and found that they have normal sen-
sory abilities. We also tested Ntm-deficient mice in three
anxiety tests (hyponeophagia, plus maze and light/dark
box) and in the locomotor activity test (motility box) and
found that their behavior does not differ from that of their
wild-type littermates. However, we observed statistically
significant differences in one of the learning and memory
tests, the active avoidance test. Ntm-deficient mice learn
slower than their wild-type and heterozygous littermates,
probably exhibiting a learning impairment. Differences
were also evident in pharmacological pilot studies with
ethanol and amphetamine. Ntm-deficient mice were more
sensitive to the sedative effect of ethanol, as it took much
longer for them to regain the righting reflex after i.p. injec-
tion of 4 g/kg of ethanol. Furthermore, the locomotor stim-
ulating effect of 5 mg/kg of amphetamine was weaker in
Ntm-deficient mice than in wild type animals.

Conclusions: In this study, the basic phenotyping of
neurotrimin (Ntm) gene knockout male and female mice
was performed. These mice display normal sensory abili-
ties, normal locomotor activity and normal anxiety level.
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However, they have a learning impairment and altered
sensitivity to ethanol and amphetamine, probably reflect-
ing changes in the activity of major monoaminergic sys-
tems. It is remarkable that Lsamp deficient mice have
a similar pharmacological phenotype, which is not surpris-
ing, however, because Ntm and Lsamp are close interac-
tion partners and form heterodimers together. The study
underlines the importance of studying all the members of
the IgLON family of proteins together.
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Osteopontin gene and clinical course
of multiple sclerosis in a Polish population

Michalowska-Wender G.1-%3, Biernacka-Lukanty J.13,
Michalak S.23:4, Raczak B.1:3, Wender M.2

! aboratory of Neurogenetics, Department of Neurology,
University of Medical Sciences, Poznan, Poland

2Neuroimmunological Unit, Medical Research Center,
Polish Academy of Sciences, Poznan, Poland

3Department of Neurology, University of Medical Sciences,
Poznan, Poland

“Department Neurochemistry and Neuropathology,
University of Medical Sciences, Poznan, Poland

Osteopontin (OPN) is a key cytokine involved in T-cell
activation in multiple sclerosis (MS), and is therefore called
an early T-cell activation gene. Studies performed in var-
ious geographical regions have demonstrated significant
differences. In this study we analysed whether the OPN
gene has an effect on MS occurrence and clinical course
in a Polish population. Our study material consisted of 100
MS patients compared with control material. The clinical
course was evaluated by the EDSS score. After extraction
of DNA from peripheral blood cells, genotype and allele
frequencies in exon 6 and 7 were examined using spe-
cific primers by a standard PCR reaction. The distribution
of variables was tested with the D’Agostino-Pearson test.
Then the statistical analysis based on one-way ANOVA,
Mann-Whitney test and logistic regression was performed
using a licensed version of MedCalc software.

The genotype distribution and allele frequencies were
not similar between patients and controls but differenc-
es were not statistically significant. The heterozygous
C/T genotype in position 8090 was detected in 21.6% of
patients and in 10% of control material. Our results are
negative with respect to the impact of the osteopontin
gene on susceptibility to MS in Poland. Genetic polymor-
phism of OPN was established to be associated with MS
in Japanese patients. It seems therefore that the haplo-
type structure may differ from one population to another.
However, we have identified the 8090 T/T 9250 C/C osteo-
pontin genotype associated with higher levels of disability
in MS patients. Age is an independent factor influencing
disability measures. Based on one-way ANOVA testing, the
clinically significant genotypes were identified. The EDSS
score was higher (3.0; 2.0-4.0, median; interquartile range)
in 8090 T/T + 9250 C/C patients than in 8090 C/C + 9250
C/CMS patients (1.75; 1.5-2.0) (p = 0.0120). The disability in
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8090 C/C + 9250 C/T MS patients was higher (EDSS = 3.75;
2.5-4.5) than in 8090 C/C+ 9250 C/C MS patients (1.75; 1.5-
2.0) (p =0.0137). In logistic regression analysis of the effect
of variables on EDSS scoring in the model, including sex,
age and genotype categories, age was found to be inde-
pendent factor influencing disability (p = 0.0140). No dif-
ferences in age between genotype categories were found.

|B2|

L-histidine administration increases brain
carnosine concentration in rats with
thioacetamide-induced acute liver failure:
a contribution to increased antioxidant
capacity (TAC)?

Milewski K., Hilgier W., Albrecht J., Zielinska M.

Department of Neurotoxicology, Mossakowski Medical Research
Centre, Polish Academy of Sciences, Warsaw, Poland

Hepatic encephalopathy (HE), a consequence of acute
or chronic liver failure, is a complex neuropsychiatric disor-
der where oxidative/nitrosative stress (ONS) plays a deci-
sive pathogenic role. ONS imposed on astrocytes causes
their swelling which is the primary cause of cerebral ede-
ma, increased intracranial pressure herniation, and direct
cause of death in acute HE. Existing evidence suggest
that systemic administration of L-histidine (His) may be
a potentially useful therapeutic agent for the brain edema
associated with HE (Rama Rao 2007). The effect of His was
primarily ascribed to inhibition of excessive Gln transport
to mitochondria (the “Trojan Horse” hypothesis). How-
ever, His is known for its antioxidant action; a study from
our laboratory has shown that His also prevent reduction
of glutathione content in brain mitochondria of TAA rats
(Ruszkiewicz 2013) and increases the total antioxidant
capacity (TAC) of the brain (Ruszkiewicz and Albrecht
2014). One other in vitro study demonstrated reduced
mitochondrial permeability transition (mPT) and oxidative
stress in ammonia-exposed astrocytes pretreated with His
(Rao 2010). We speculated that the action of His may be
due to the action of its metabolites. Of these, histamine
is a component of and thought to be related with inflam-
mation, one of accompanying events in HE progression.
Carnosine, a dipeptide may be associated with wide range
of neuroprotective properties (Trombley 2000). It was also
indicated that carnosine prevents TAA induced liver injury
in rats (Mehmetcic 2007). Here we investigated the effects
of acute HE on the rat blood and brain content of hista-
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mine and carnosine. HE was induced using the thioacet-
amide model (300 mg TAA/kg 3 times i.p. in 24 h intervals).
His was administrated ip. 2 h before TAA (100 mg/kg).
Brains and blood were collected 24 h after last injection.
Systemic administration of His had no lasting effect
on its concentration in cerebral cortex and in blood plasma
either in control and TAA rats, neither did it affect the con-
centration of histamine in there, countering its putative role
in potentiating systemic inflammation in TAA rats. In con-
trast, the brain level of carnosine was significantly elevated
after His treatment in both control and HE rats, suggest-
ing that carnosine may be responsible for some beneficial
effects of His administration in the setting of HE. Studies to
verify this hypothesis are under way in our laboratory.

Supported by the National Science Centre grant No
2013/09/B/NZ4/00536.

B3]

Antidepressant-like properties of
1,2,3,4-tetrahydroisoquinoline and its methyl
derivative in animal models of depression

Mozdzen E., Michaluk J., Wasik A., Romanska I.,
Antkiewicz-Michaluk L.

Department of Neurochemistry, Institute of Pharmacology,
Polish Academy of Sciences, Cracow, Poland

Depression is a serious disorder in today’s society, with
estimate of lifetime prevalence as high as 21% of the gen-
eral population in some developed countries. As defined by
the American Psychiatric Association, depression is a het-
erogeneous disorder often manifested with symptoms at
the psychological, behavioral and physiological levels. As
with all diseases, approximations of both the disorder and
the actions of corrective medications in laboratory ani-
mals are essential for the development of effective thera-
pies. Most of the currently used antidepressant drugs are
monoamine based, affecting the inhibition of re-uptake
or metabolism of noradrenaline (NA), serotonin (5-HT), or
dopamine (DA), because they play a key role in central ner-
vous system (CNS) in pathophysiology of depression.

The present study is aimed to investigate the poten-
tial antidepressant properties of an endogenous amine
1,2,3,4-tetrahydroisoquinoline (TIQ) and its methyl deriv-
ative, 1-methyl-1,2,3,4-tetrahydroisoquinoline (1-MeTIQ).
The experiments were carried out on male C57BL6J mice
(25 + 2 g) (Charles River Laboratories, Sulzfeld, Germany).
The antidepressant-like activity of tested compounds was
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evaluated in the behavioral and neurochemical analysis. In
the behavioral study, the forced swim test (FST) and tail sus-
pension test (TST) were used as widely used rodent models
sensitive to the effects of acute antidepressant treatments.
Additionally, the motor function of mice was checked in the
locomotor activity test after investigated drugs administra-
tion. TIQ and 1-MeTIQ were administrated in three different
doses: 10, 25 or 50 mg/kg i.p. Imipramine (15 or 30 mg/kg
ip.) was used as a reference drug. Control mice were treat-
ed with saline. In the neurochemical ex vivo study, the levels
of NA, 5-HT, DA and their metabolites, the rate of mono-
amines metabolism and their neuronal activity in different
mice brain structures were determined by HPLC method-
ology with electrochemical detection. All procedures were
approved by the Ethical Committee of the Institute of Phar-
macology, Polish Academy of Sciences in Cracow.

The results of these studies have shown that TIQ and
1-MeTIQ administrated systematically to mice produced
antidepressant-like effect in the FST. They significantly
decreased the immobility time (p < 0.01), stronger than
imipramine and did not affect the locomotor activity in
mice. Additionally, TIQs increased the rate of NA metabo-
lism, enhanced the factor of DA re-uptake inhibition with
simultaneously decrease in the rate of 5-HT metabolism
in mice brain structures. The results obtained indicate
that TIQ and 1-MeTIQ possess a potential antidepressant
activity in mice, suggesting their possible mechanism of
action based mainly on activation of monoaminergic sys-
tem — inhibition of MAO-dependent oxidation of mono-
amines and increase in their concentrations in different
brain structures. In that light, both tested compounds may
be effective for the depression therapy in a clinical setting.

These studies were financed by the project Interdisci-
plinary PhD Studies “Mol-Med”.

|B4]

The actions of 5-methoxy-
diisopropyltryptamine (‘foxy’) in rat
prefrontal cortex and striatum

Noworyta-Sokolowska K.

Department of Pharmacology, Institute of Pharmacology,
Polish Academy of Sciences, Cracow, Poland

5-methoxy-diisopropyltryptamine (5-MeO-DIPT, “foxy’)
is one of the most popular ‘club drug’ in the United States,
Canada, Japan and Europe. It has been noted in case
reports that 5-MeO-DIPT induces visual and auditory hal-
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lucinations, insomnia, emotional expression similarly to
psylocin and psylocibin. That contributed to recognition
these drug as a hallucinogen, however its mechanism of
action in the brain is not fully understood. A comparison
of the chemical structure of 5-MeO-DIPT shows structural
similarities with serotonin (5-HT) and 3,4-methylenedioxy-
methamphetamine (MDMA). That suggests its possible
influence on monoamine systems such as dopamine (DA)
and 5-HT as a main mechanism of action of these drug.
Moreover, hallucinations noted after ‘foxy’ treatment indi-
cate on possible influence on glutamate (GLU) system.

The aim of the study was to examine the extracellu-
lar level of DA, 5-HT, y-aminobutyric acid (GABA) and GLU
after 5-MeO-DIPT administration in freely moving rats.

All experiments were performed in a strict accordance
with the Polish legal regulations concerning experiments
on animals (Dz. U. 05.33.289). Determination of extra-
cellular levels of DA, 5-HT, GABA and GLU on Wistar-Han
male rats (280-300 g) was carried out using microdialysis
technique. The probe implantation in the frontal cortex
(AP +2.8, DL +0.8, V =5.7) and in the corpus striatum
(AP +1.8, DL +2.8, V —7.0) took place 24 h before experi-
ments. Dialysate fractions were analyzed by High Perfor-
mance Liquid Chromatography (HPLC) with electrochemi-
cal detection. The chromatographic data was processed by
Chromeleon v. 6.80 (Dionex, USA) software.

Single intraperitoneal administration of 5-MeO-DIPT
given at a dose of 20 or 10 x 2 mg/kg produced increase in
DA and 5-HT release in the rat striatum and the frontal cor-
tex. At the same time increase in GLU and GABA extracellu-
lar level was observed in the frontal cortex. However, tran-
sient increase in GLU release in rat striatum was followed
by decrease in its level for the rest of experimental time.
A slight but significant decrease in GABA extracellular lev-
el was noted in the striatum. An intriguing behaviour such
as head shaking, salivation, walking backward, convulsions
during first hour after 5-MeO-DIPT administration was
observed as well as playing piano, tickles movement, tremor
and muscle weakens were seen throughout the study.

Observed increase in DA and 5-HT extracellular lev-
el with concomitant decrease in metabolite extracellular
level indicates on inhibition of DA and 5-HT transporters
located on DA or 5-HT nerve terminals. Increase in extra-
cellular GLU level may cause behavioural symptoms such
as convulsions and head shakings and may also indicate
on possible hallucinogenic drug action.

Supported by grant from National Centre of Science
(NCN) no 2013/09/B/NZ7/04104.
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Paraquat induces changes in activity and
supercomplexes assembly of mitochondrial
complex | and mitochondria membranes
fluidity in SH-SY5Y cells

Olech L.}, Leskiewicz M.2, Basta-Kaim A.2, Dencher N.3,
Kuter K.!

IDepartment of Neuropsychopharmacology, Institute

of Pharmacology, Polish Academy of Sciences, Cracow, Poland
2Department of Experimental Neuroendocrinology, Institute
of Pharmacology, Polish Academy of Sciences, Cracow, Poland
3Physical Biochemistry, Department of Chemistry, Technische
Universitdt Darmstadt, Darmstadt, Germany

Introduction: Paraquat (PQ) is a herbicide which
enhances risk of developing Parkinson’s disease (PD). It
increases the level of reactive oxygen species (ROS) in cells
via the redox cycling performed by many oxidoreductases.
Previous studies showed decreased activity of respiratory
complexes (Cxs) | and Il by PQ. In the inner mitochondrial
membrane Cxs form higher order structures named super-
complexes (SCxs), what has crucial effect to its functioning.

Aim: Our aim was to investigate the influence of PQ
on activity of mitochondrial Cx | assembled in SCxs and as
individual form in a model of neuron-like cells.

Material and methods: Differentiated SH-SY5Y cells
(10 uM retinoic acid in DMEM with 10% FBS for 7 days)
were treated with 600 pM PQ for 24 hours. Vitality (by
MTT test), mortality (by LDH test) and endogenous ROS
level (using H,DCFDA) at this time point were analyzed.
Cells were also incubated next 24 hours with fresh medi-
um without PQ. Mitochondria were isolated directly after
incubation with PQ as well as after additional time with
withdrawal of toxin. After mitochondria solubilization
blue-native electrophoresis with further in-gel enzymatic
activity measurements of Cx | were performed. Mitochon-
drial membranes fluidity was measured using fluores-
cence anisotropy method.

Results: Incubation of cells with PQ caused decrease
in vitality and had no influence on mortality. PQ elevated
level of endogenous ROS. A significant decrease in activity
of Cx | was observed in the three highest molecular weight
SCxs. Withdrawal of PQ led to progressive loss in activity of
Cx | in the same SCxs and further decreased the activity of
complex | in lower mass SCxs. In this time point a slightly
increased fluidity of mitochondrial membranes was also
observed.

Conclusions: Elevated ROS level may be related to
decrease in activity of Cx | in the highest molecular weight
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SCxs. PQ caused progressive perturbation in mitochondria
even after withdrawal of toxin.

The study was supported by the Statutory Funds of
the Institute of Pharmacology, PAS, Krakéw, Poland and
Technische Universitdt Darmstadt and DAAD.

|B6|

Proteasome inhibitor abrogates

the neuroprotective effect of hyperbaric
oxygen preconditioning in experimental
global cerebral ischemia

Ostrowski R.P., Stepien K., Pucko E., Wojda R., Matyja E.

Department of Experimental and Clinical Neuropathology,
Mossakowski Medical Research Centre, Polish Academy
of Sciences, Warsaw, Poland

Hyperbaric oxygen preconditioning (HBO-PC) has been
known to provide neuroprotection against cerebral isch-
emia. However, it is not known whether HBO-PC is effec-
tive against severe global brain ischemia, induced by bilat-
eral common carotid artery (CCA) occlusion and profound
systemic hypotension due to exsanguinations (modified
two vessel occlusion cerebral ischemic model; 2VO). More-
over, the role of proteasome in the mechanisms of HBO-PC
has not been as yet investigated.

The aim of this study was to investigate whether brain
injury that results from carotid occlusion and deep hypo-
tension is reduced with HBO preconditioning, and to deter-
mine the involvement of proteasome in the precondition-
ing mechanism.

The experiments were performed on 48 male Wistar
rats within body weight range of 280-350 g, allocated to
the following groups: naive control, sham, rats with 2VO
untreated (2VO group), rats with 2VO preconditioned with
HBO (HBO-PC group) and rats with 2VO and the protea-
some inhibitor MG132, injected ip. at a dose of 1 mg/kg,
at 30 min prior to every session of HBO-PC (MG132 group).
HBO-PC procedure used 100% oxygen at 2.5 ATA 1 hr daily
for 5 consecutive days with the last session at 24 hrs before
ischemia. The ischemia was induced under ketamine and
xylazine anesthesia by drawing blood from femoral artery
to decrease mean arterial blood pressure to 30-35 mm Hg,
followed by CCA bilateral occlusion for 5 min. Rats were
examined for sensorimotor and T-maze performance defi-
cits and the mortality was calculated. They were euthanized
at 24 hrs for WB or at 7 days for brain histology.
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After ischemia (2VO group), the number of surviving
neurons in CA1 zone of the hippocampus was equivalent
to only 5.7% of CAl neurons in the sham control. How-
ever, in the HBO-PC group, the number of well preserved
neurons was as high as 20.8% of that in the sham control.
When the group preconditioned with HBO also received
MG132, the number of surviving neurons equaled 2.7%
of control. HBO-PC tended to reduce mortality (25% vs.
38% amongst untreated), although insignificantly. In the
MG132 group, 45% of mortality was noted. HBO-PC result-
ed in 63.9% average T-maze scores as compared to 27.8%
in the unpreconditioned rats after ischemia. The protea-
some inhibitor combined with HBO-PC reduced the score
to 33.3%. On Western blot, the preliminary results showed
an increased level of apoptotic protein Bim (BCL-2-inter-
acting mediator of cell death) in the brain after ischemia,
while it was reduced in the brains of animals precondi-
tioned with HBO. MG132 reversed the HBO-PC-induced
decrease in brain levels of Bim.

In conclusion, the HBO-PC-induced brain protection
against severe ischemic brain insult appears to be prote-
asome-dependent. In order to further verify the underlying
mechanism, future studies will examine ubiquitin-ligases
and proteasomes leading in concert to a depletion of pro-
apoptotic proteins upon HBO-PC.

The authors want to thank Matgorzata Pozdzik, MSc for
the excellent technical assistance.

|B7|

Mutated human beta-amyloid precursor
protein gene (APP-sw) causes aberrant
autophagy in NGF-differentiated neural
PC-12 rat pheochromocytoma cells

Pajak B.!, Kania E.}, Orzechowski A.}2

IElectron Microscopy Platform, Mossakowski Medical Research
Centre, Polish Academy of Sciences, Warsaw, Poland

’Department of Physiological Sciences, Faculty of Veterinary
Medicine, Warsaw University of Life Sciences — SGGW,
Warsaw, Poland

Pheochromocytoma PC-12 cells are immune to physi-
ological stimuli directed to evoke programmed cell death.
Besides, metabolic inhibitors are incapable to sensitize
PC-12 cells to extrinsic or intrinsic apoptosis unless they
are used in toxic concentrations. Surprisingly, these cells
become receptive to cell deletion after human APP-sw
gene expression. PC-12 cells were nucleofected with a plas-
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mid containing amyloid beta precursor protein wild type
APP(-wt), or swedish mutation APP(-sw) together with
resistance genes to antibiotics (gentamicin and ampicil-
lin) expressed under green fluorescent protein (GFP) gene
promoter. Next, cells were subjected to 48 h differentiation
programme (4% FBS + 2% HS + NGF in DMEM) followed by
48 h treatment with selected substances dissolved in 0.1%
BSA + NGF in DMEM. Afterwards, cell cultures were subject-
ed to molecular analysis. Presence of transgene and gene
activity in nucleofected cells was evaluated by PCR and
Western blot analysis, respectively. Transfected neural rat
PC-12 cells were examined to asses cytotoxicity of normal
APP processing product beta-amyloid via MTT and Neutral
Red assay. We observed reduced cell viability in GFP vector
+ APP-sw-nucleofected cells (drop by 36%) but not in GFP
vector—, or GFP vector+ APP-wt-nucleofected cells. Lower via-
bility was accompanied by higher expression of Ap 1-16 and
elevated secretion of A 1-40 (in average 53.58 pg/mL). At
the ultrastructural level autophagy-like process was demon-
strated to occur in APP-sw-nucleofected cells with numerous
autophagosomes and multivesicular bodies but without
autolysosomes. Human APP-sw gene is harmful to PC-12
cells and cells are additionally driven to incomplete autoph-
agy-like process. When stimulated by TRAIL or nystatin, CLU
protein expression accompanies early phase of autophagy.

This research was funded by National Science Centre
(Poland), Grant No. UMO-2011/03/B/NZ7/02328.

B8]

Mysterious neuropeptides: phoenixin
and spexin. Are they really promising from
the clinical viewpoint?

Palasz A., Rojczyk-Golebiewska E., Wiaderkiewicz R.

Department of Histology, Medical University of Silesia, Katowice,
Poland

Recently, a lot of new regulatory peptides has been
identified and described. Newly discovered and still very
mysterious neuropeptides such as phoenixin and spexin
appear to be a uniquely intriguing factors. Extremely poor-
ly studied neuropeptide; phoenixin (PNX) has almost the
same pattern of hypothalamic immunoreactivity as better
known nesfatin-1. This intriguing endogenous factor may
control the reproductive hormone secretion by the mod-
ulation of the pituitary GnRH receptor expression. Proba-
bly, phoenixin sensitize the pituitary to releasing factors,
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rather than directly promote the exocytosis of secretory
vesicles to endocrine cells. Immunohistochemical stud-
ies revealed PNX positive cells in the rat hypothalamus,
dorsal horn, spinal trigeminal tract, nucleus of the soli-
tary tract and even in the trigeminal and nodose ganglia.
It was also observed that exogenously administered PNX
may preferentially suppress visceral as opposed to ther-
mal pain. Recent reports suggest that the mechanism of
signal transduction activated by PNX is MAPK/ERK path-
way. Phoenixin may play significant role in reproduction
and energy homeostasis at the level of the hypothalam-
ic centres. Recent data may also implicate phoenixin in
reproductive or metabolic disorders. Spexin which was
identified through bioinformatics search strategy, a novel
gene containing spexin has been named NPQ. These pep-
tides have no homologies to other proteins. The rat spexin
differs from the human and mouse molecules only by one
amino acid at the C-terminal domain. In the brain, many
spexin-positive neurons were visible, while neuroglia was
usually negative. The hippocampal neurons showed mod-
erate immunoreactivity as well as cerebellar Purkinje cells
and brain stem neurons. Spexin seems to have multiple
physiological functions in mammals. Studies using gold-
fish revealed the involvement of SPX in reproduction and
food-intake regulation. Treatment of animals with SPX
decreased the secretion of LH and suppressed appetite.
Recent findings also demonstrates the central control
of SPX in cardiovascular/renal function and nociception.
Spexin may be a novel factor involved in weight regula-
tion, with potential for obesity therapy.

B9

Mitochondria dysfunction and oxidative
stress in neurodegenerative process
influenced by the designer drug of abuse -
N-benzylpiperazine

Persona K.}, Polus A.2, Goralska J.2, Gruca A.2,
Dembinska-Kiec A.2, Piekoszewski W.!

Yagiellonian University, Faculty of Chemistry, Department

of Analytical Chemistry, Cracow, Poland
?Jagiellonian University — Medical College, Department of Clinical
Biochemistry, Chair of Clinical Biochemistry, Cracow, Poland

“Designer drugs of abuse” is a common name for
substances advertised as “legal alternative to illegal com-
pounds”. Despite of the introduction of prohibition in trade
of medicinal products which mimic the effects of ille-
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gal drugs, the problem of “legal highs” is still significant.
Knowledge about the effects of action of such substances
is scarce and mainly derived from the description of cases
form toxicological wards. One of model compounds from
the group of designer drugs of abuse is N-benzylpipera-
zine (BZP) — a psychoactive agent for the central nervous
system with stimulating and sympaticomimetic properties.
The mechanism of action of BZP is compared to the one of
MDMA, while the effects are defined as 10-times weaker
than the effects of d-amphetamine.

The aim of the study was to evaluate the impact of
BZP on brain cells apoptosis including the potential role of
mitochondria, the formation of oxidative stress, and dis-
ruption of cells energy state in presumptive neurodegen-
erative properties of this drug.

Experiments were performed using a line of human
glial tumor cells (LN-18) incubated with BZP for 24 h.
The choice of doses of BZP in the range of 10 mg/mL to
300 mg/mL were made through evaluation of LDH released
into the culture medium as well as through consideration
of the concentration of drug in the biological material tak-
en from BZP users. Analysis of parameters associated with
mitochondrial dysfunction and oxidative stress formation,
such as: changes in mitochondrial membrane potential
(Ay,) and reactive oxygen species (ROS) were measured
with the use of flow cytometry technique (FACS), where-
as changes in ATP level were examined using luminescent
method. The activity of caspases: 3, 8, 9 was analyzed in
fluorescence measurements. Increase of oxidative DNA
damage was evaluated by ELISA test through determina-
tion of DNA oxidative damage marker: 8-OHdG.

The conducted research demonstrated statistical-
ly significant changes in increased mitochondrial mem-
brane potential and increased ROS production, along with
decreased ATP level. Increased changes in activation of
caspase-3 which are a confirmation of cell apoptosis under-
going under the influence of BZP were observed, however
no statistically significant changes in activation of caspase-8
and -9 were stated. Elevated ROS generation resulted in
oxidative DNA structure changes, which was confirmed by
increased levels of 8-OHdG in the cells.

The results indicate that BZP at concentrations com-
parable to the ones detected in biological material tak-
en from people taking this drug can induce apoptosis in
glial cells by affecting the mitochondrial dysfunction and
resulting in the oxidative stress generation. The results
may also indicate neurodegenerative properties of BZP.

K. Persona acknowledges financial support from the
Interdisciplinary PhD Studies project “Molecular sciences
for medicine” (co-financed by the European Social Fund
within the Human Capital Operational Programme).

K. Persona received funds to prepare her doctoral dis-
sertation from the National Science Centre in the frame-
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work of a doctoral scholarship funding (ETIUDA) based on
the decision no. DEC-2014/12/NZ7/00262.
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Identification and classification

of transcriptional variants and non-coding
RNAs induced by antidepressants

in the mouse striatum

Piechota M.%, Golda S.}, Jantas D.2, Przewlocki R.13,
Korostynski M.}
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Jagiellonian University, Cracow, Poland

The therapeutic effects of antidepressants are mediat-
ed by neuroplastic changes in the brain systems controlling
drive and motivation. Despite well-known pharmacologi-
cal actions of antidepressants, we are still far from having
a clear picture of the molecular programs initiated by these
drugs. We used next-generation sequencing and bioin-
formatics approach to build a genome-wide inventory of
protein coding and non-coding transcripts altered by anti-
depressants. Genome expression was analyzed in mouse
striatum 4 hours after the administration of mianserine
(20 mg/kg, ip.) or tranylcypromine (20 mg/kg, ip.) treat-
ment. We identified 153 gene transcripts of various bio-
types regulated (FDR < 0.1%) in response to antidepres-
sants. These transcripts are expressed in five different
patterns and are enriched in protein coding variants (77%).
Expression of different types of drug inducible transcrip-
tional variants was verified using gPCR, including retained
intron (Clk1), alternative TSS (Mctp 1), small RNA (Mir1983)
or long non-coding RNA (Neat 1). We also indicated that two
key gene regulatory systems are active in separate cellular
compartments of the striatum, CREB1/SRF in neurons and
GR/CTCF in glia. The results suggest that critical step of
molecular regulation of neuroplasticity takes place on the
level of transcriptional units rather than genes. This regu-
lation may constitute a transcriptional trigger for develop-
ment of long-lasting effects of antidepressants in the brain.

This work was supported by POIG De-Me-Ter 3.1 and
NCN grant 2011/03/D/NZ3/01686.
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|B11]
The role of CXCL9 and CXCL12 in nociceptive

transmission under diabetes

Pilat D., Zychowska M., Rojewska E., Mika ).

Department of Pain Pharmacology, Institute of Pharmacology,
Polish Academy of Sciences, Cracow, Poland

Neuropathic pain is one of the most common late
complications of diabetes. It is known that neuronal
mechanisms can be modulated by pronociceptive medi-
ators released by non-neuronal cells which become acti-
vated in the spinal cord during diabetes. However, the
signals that mediate the spread of nociceptive signaling
remain to be established. Chemokines seems to be cru-
cial for mediating inflammation, although their role in
nociceptive processes still needs to be evaluated. Both
CXCL9 and CXCL12 are thought to mediate inflammatory
processes in people suffering from diabetes, taking into
account that both chemokines have increased plasma lev-
els in patients. The role of those chemokines under dia-
betic neuropathic pain is unknown. The aim of our study
was to determine whether in the mice model of diabetic
neuropathy there is a change in the level of CXCL9 and
CXCL12, and that intrathecal administration of these
chemokines does affect nociceptive processes in naive
mice. Male Albino-Swiss mice were rendered diabetic by
an intraperitoneal injection of streptozotocin (STZ). The
experiments were carried out 7 days after the injection
of streptozotocin. To analyze if CXCL9 and CXCL12 may
be involved in nociceptive transmission, we used RT-qPCR
and antibody array techniques. Additionally these chemo-
kines were administrated by an intrathecal injection to
the naive mice. Behavioral tests conducted to measure
hyperalgesia (cold plate test) and allodynia (von Frey
test) were carried out 1, 4 and 24 hours after the injec-
tion. All experiments were carried out according to IASP
rules (Zimmermann 1983). We have demonstrated that
a single streptozotocin injection in mice can induce sig-
nificant neuropathic pain along with an increase in plas-
ma glucose levels. Seven days after the administration
of STZ, an upregulation of CXCL9 and downregulation of
CXCL12 mRNA were observed and measured by RT-gPCR.
In parallel we observed an upregulation of protein level of
both chemokines, as measured by an antibody array. The
intrathecal administration of CXCL9 and CXCL12 showed
its pronociceptive properties such as allodynia and hyper-
algesia. In summary, we provided evidence for a develop-
ment of allodynia and hyperalgesia following the admin-
istration of CXCL9 and CXCL12 in a naive mice. Therefore,
we suggest that both studied chemokines, which are
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upregulated in diabetic neuropathy, are one of the rea-
sons of pain development.

This work was supported by statutory founds and NCN
grants 2012/05/N/NZ4/02416 and 2011/03/B/NZ4/00042.
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Parthenolide down-regulates pronociceptive
factors (IL-1beta, IL-18 and iNOS) and
enhances morphine effectiveness under
neuropathic pain

Piotrowska A., Popiolek-Barczyk K., Kolosowska N.,
Makuch W., Rojewska E., Pilat D., Mika J.

Department of Pain Pharmacology, Institute of Pharmacology,
Polish Academy of Sciences, Cracow, Poland

Neuropathic pain is caused by damage of the nervous
system. This type of pain is resistant to conventional anal-
gesics, including the effects of morphine, what comprises
on a serious clinical problem. Treatment of neuropathic pain
remains a challenge and requires combination therapy,
because of not fully understood pathomechanism, as well
as many components involved in nociceptive transmission.
The goal of our studies was to determine the influence of
parthenolide (PTL; an inhibitor of the NF-kB) on neuropath-
ic pain development and changes in pronociceptive factors.
Moreover, it was interesting to examine a possible influ-
ence of PTL administration on effectiveness of morphine
in rat model of neuropathic pain. Research was carried out
on Wistar rats implanted with intrathecal (i.t.) catheters.
Neuropathic pain was developed using Bennett’s model
(chronic constriction injury (CCI) to the sciatic nerve). PTL
(5 pg/5 ul) was dissolved in 50% DMSO and preemptively
administered i.t. 16 h and 1 h before CCl and then once
daily for 7 days. Two behavioral tests were conducted to
measure allodynia (von Frey test) and hyperalgesia (cold
plate test). Morphine was injected once, on day 7 after CCl
and 60 min after morning PTL administration. Experiments
were carried out according to IASP recommendations and
were approved by the local Bioethics Committee. Behavior-
al studies have shown that chronic i.t. administration of PTL
attenuated the allodynia and hyperalgesia on days 3, 5 and
7 after CCl. Western blot results demonstrated down-regu-
lation of pronociceptive cytokines: IL-1beta, IL-18 and iNOS,
parallel to down-regulation of p38MAPK as measured on
day 7 after chronic PTL administration. Chronic treatment
of PTL enhanced morphine analgesia, which was proven
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by von Frey and cold plate tests. In summary, these results
suggest that PTL reduces neuropathic pain by modulat-
ing the signaling pathways regulated by p38MAPK and
by down-regulation of the expression of pronociceptive
factors produced by the microglia cells. PTL is especially
promising because it is already used in human therapy; our
work provides the first evidence for its analgesic potency
and beneficial properties on morphine effectiveness during
neuropathic pain.

This work was supported by grant OPUS NCN
2011/03/B/NZ4/00042, and statutory funds. K. Popiolek-
Barczyk is a Ph.D. student and has a scholarship from the
KNOW sponsored by the Ministry of Science and Higher
Education, Poland.

|B13|
The neuroprotective role of PKCBII
in ischemia-reperfusion injury

Poleszak O., Beresewicz M., Kruszynska D., Zablocka B.

Molecular Biology Unit, Medical Research Centre,
Polish Academy of Sciences, Warsaw, Poland

Protein kinase C B (PKCP) is a serine/threonine kinase
whose role in neuronal cells survival/ protection needs fur-
ther investigation. Previous studies revealed that ischemic
injury induce a rapid and long lasting increase of PKCP in
mitochondrial fraction but mainly in ischemia-resistant
part of hippocampus, what may bespeak neuroprotec-
tion. Hence, here we set out to determine the role of PKCB
isozymes Bl and Bll in two models of brain ischemia (i)
in vitro in rat organotypic hippocampal cultures subjected
to excitotoxic injury which mimics ischemic injury and (ii)
in vivo — transient brain ischemia in gerbils. Therefore we
tested: (i) the effect of ischemic injury on the amount of
both PKCP isozymes and activity of PKCBIl in mitochon-
dria isolated from ischemia-vulnerable (CA1) and ischemia
resistant (CA2-4, DG) hippocampal regions, (ii) the effect
of inhibition of PKCB isozymes in organotypic hippocam-
pal cultures subjected to excitotoxic injury and (iii) by pull
down chromatography followed by mass spectrometry
the potential PKCBII mitochondrial partners to elucidate
PKCBIl-mediated neuroprotective mechanisms. In our
studies we have observed that transient ischemic episode
induces a significant elevation of PKCPII protein level and
activity in ischemia-resistant part of hippocampus in mito-
chondrial fraction. Moreover, exclusive inhibition of PKCpII
is sufficient to obtain 100% of damage in hippocampal
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organotypic slices. Thus results suggest that it is rather
PKCBII than PKCBI which may be a key element responsi-
ble for neuroprotection. To elucidate the mechanisms of
PKCBII-mediated neuroprotection its mitochondrial part-
ners were identified. The analysis recognised a number of
proteins belonging to mitochondrial inner and outer mem-
brane as well as mitochondrial matrix. They are involved
in regulation of different metabolic pathways such as
fatty acid oxidation, glucose metabolism, electron trans-
port chain and others. Using phophosite database (http://
www.phophosite.org) we verified that most of identified
PKCBIl-partners have putative PKC phosphorylation sites
indicating that regulation of these metabolic pathways
by PKCBIl phosphorylation may lead to PKCBII-mediated
neuroprotection. The functional significance of the PKCB
phosphorylation is being studied.

The project is supported by NSC grant 2012/05/B/NZ/
00415 and KNOW-MMRC project.
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Morphology of synapses and expression
of selected proteins involved in synaptic
transmission in the mouse azoxymethane
model of hepatic encephalopathy

Popek M., Frontczak-Baniewicz M.2, Zablocka B.3,
Albrecht )., Zielinska M.!

IDepartment of Neurotoxicology, Mossakowski Medical Research
Centre, Polish Academy of Sciences, Warsaw, Poland

2Electron Microscopy Unit, Mossakowski Medical Research
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3Molecular Biology Unit, Mossakowski Medical Research Centre,
Polish Academy of Sciences, Warsaw, Poland

Hepatic encephalopathy (HE) is characterized by im-
balance between excitatory and inhibitory neurotrans-
mission in disfavor of the former which becomes poten-
tiated on transition from acute to chronic stages of the
disease. The established view is that ammonia, a key
neurotoxin, primarily affects astrocytes, leaving neurons
relatively spared. However, impairment of the expression
and/or function of specific astrocytic proteins (e.g.: gluta-
mate transporters GLT-1, GLAST, Na-K-Cl co-transporter or
potassium channel Kir4.1 or trombospondin-1) results in
synaptic dysfunction, mainly involving the NMDA class of
Glu receptors. However, there is limited body of evidence
concerning the morphology of the synapses in HE-affected
brain, particularly the impact of HE on the activity of pro-
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teins involved in the NMDA receptor function, trafficking,
or composition.

In the present study we used C57BI6 mice subjected to
a hepatotoxic insult (azoxymethane (AOM) administered
i.p.at 100 mg/kg of body weight) as an experimental model
of acute liver failure. We commenced with examining syn-
aptic ultrastructure in cerebral cortex of AOM mice. Next,
we compared the subunit composition of NMDA receptor
in control and AOM mice, by measuring the expression of
the two key subunits, NR1 and NR2A. In order to assess
the synaptic hardware, mRNA and/or protein levels of
postsynaptic density protein 95 (PSD-95), protein kinase C
zeta (PKCL) and PKME, an independent fragment of cata-
lytic domain of PKCE were quantified using real-time and
Western blot analysis.

Cerebral cortex of AOM mice was characterized by
the presence of increased numbers of enlarged synapses
showing abundance of synaptic vesicles in the presynap-
tic zone. The expression of NR1, a major NMDA receptor
subunit in a mice cerebral cortex was slightly increased,
whereas NR2A subunit remained unchanged in AOM mod-
el. The amount of PSD-95, the protein involved in anchor-
ing of NMDA receptor subunits, was increased by ~40%
compared to control. The expression of PKCE involved in
the synaptic events was increased by ~30% and ~40% at
the mRNA and protein level, respectively. However, expres-
sion of PKME, a protein with a unique role in LTP mainte-
nance, was unchanged. Of note, PKCE protein level was
reduced by ~20% in P2 membrane fraction and elevated
by ~30% in S2 cytosolic fraction in AOM mice, suggest-
ing impaired trafficking of PKCE to the plasma membrane.
While implications of the above described changes for
neurotransmission remain to be analyzed in further detail,
this report is to our knowledge the first to demonstrate
that changes in the synaptic hardware which may have
direct bearing on its functioning, including LTR do occur in
the acute stage of HE.

Supported by the Polish-Norwegian grant “CORE”,
Grant Number: Pol-Nor/196190/26/2013 and the Leading
National Research Centre (KNOW).
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Expression and the level of selected apoptotic
proteins and Trp53 mutations in PS/APP mice
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4Chair and Department of Neurology, Poznan University
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Alzheimer’s disease (AD) is the most common, incur-
able and progressive neurodegenerative disease. There is
a number of factors involved in the pathogenesis of AD,
i.e. amyloid precursor protein (APP) gene. Mutations in the
APP gene contribute to the familial AD (FAD), by changes in
the processing of this gene resulting in increase of B-amy-
loid (AB) level. In double transgenic mouse model of AD,
mutation of APP695 is associated with early-onset of FAD.
In aged transgenic mice show elevated level of AB, which
may cause the generation of free radicals. Free radicals
may oxidize macromolecules in cells, such as DNA. 8-Oxog-
uanine DNA glycosylase 1 (OGG1) is a main DNA repair
enzyme that excises 8-oxo-2’-deoxyguanosine from DNA.
DNA damage may induce apoptosis in a wild-type p53-ex-
pressing cell. Bcl-2 is an anti-apoptotic protein, which pre-
vents caspase-3 activation by Bax proten. Regulation of
Bcl-2 family gene expression is not completely understood
in AD.

The aim of the study was the analysis of Trp53 gene
mutations and expression, and analysis of p53, 0GG1, tumor
necrosis factor alpha (TNF-alpha), Bax and Bcl-2 protein lev-
els in Alzheimer’s disease model PS/APP and control mice.

The studies were performed on female double trans-
genic PS/APP of B6.Cg-Tg(APP695)3DBo Tg(PSEN1dE9)
S9Dbo/J stain (Jackson Lab., USA; about 8-months old) and
young adults (8-12-weeks old) and aged-match control
C57BL/6) stain mice. Brains of the animals were isolated
and divided into three structures: cerebral gray matter
(GM), subcortical white matter (WM) and cerebellum (C).
The analysis of Trp53 mutations was performed by using
DNA sequencing and expression of this gene was car-
ried out with use of RT-PCR and the level of p53 protein
and other analysed apoptotic proteins was performed by
Western blotting.
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Our studies showed that the frequency of mutations
was almost fourfold higher in PS/APP mice (A929T, A857G;
44%), compared to controls (T854G, G859A; 14%). How-
ever, it was shown that the expression of Trp53 gene
increased only in GM and C of PS/APP mice (p < 0.05) as
compared to aged-match controls. Moreover, in GM and
WM of PS/APP mice without Trp53 mutations occurred
a tendency to increase p53 protein levels together with
elevated Trp53 gene expression. Simultaneously, in PS/
APP mice the presence of Trp53 mutations did not lead
to changes in expression and levels of Bax, Bcl-2, OGG1
and TNF-alpha proteins. In PS/APP mice we showed the
tendency to decreased ratio of Bax:Bcl-2.

It seems that mutations of Trp53 gene may lead to
changes in expression especially of this gene and levels of
p53 protein in PS/APP mice.

|B16]|

Comparison of the neuroprotective potential
of neuropeptide Y (13-36) and ACPT-l in
spontaneously hypertensive rats subjected
to transient focal cerebral ischemia using
functional tests

Przykaza L.}, Domin H.2, Boguszewski P.3,
Smialowska M.2, Kozniewska E.!
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3Laboratory of Limbic System, Nencki Institute of Experimental
Biology Polish Academy of Sciences, Warsaw, Poland

The aim of this study was to evaluate and compare neu-
roprotective potential of neuropeptide Y (13-36) (NPY ;)
and (1S,3R/4S)-1-aminocyclopentane-1,2,4-tricarboxylic acid
(ACPT-I) against ischemic brain damage in spontaneously
hypertensive rats (SHR), using functional tests and macro-
scopic morphological evaluation of brain infarction volume.
NPY,, ;. is a specific agonist of presynaptic neuronal Y2
receptors. Numerous previous studies have shown that acti-
vation of Y2 receptors inhibits glutamate release and pro-
tects against excitotoxicity in vitro and in vivo. ACPT-| is an
unspecific agonist of group Il metabotropic glutamate recep-
tors (mGluR), which are known also to decrease excitatory
transmission. ACPT-I has been shown to suppress seizure
activity in animal epilepsy models and to protect neurons
against kainate-induced excitotoxicity in vitro and in vivo.
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Although there is a theoretical basis for a neuropro-
tective effect of both compounds against ischemic brain
damage and a decrease in the size of ischemic infarct after
inhibition of glutamate release has been demonstrated,
no data is available evaluating post-ischemic functional
state after treatment with either NPY,, .. or ACPT-I. For-
ty one male SHRs, weighing 270-300 g, were used for this
study. Transient focal cerebral ischemia was induced for 90
min by the intraluminal occlusion of the right middle cere-
bral artery (MCA). Microflow (LDF) in the brain cortex sup-
plied by this artery was continuously monitored with a help
of a laser-Doppler flowmeter starting before the occlusion
of the vessel. NPY,, .. (10 pg) or vehicle were administered
into the right lateral ventricle either 30 min after MCA occlu-
sion or 30 min after reperfusion. ACPT-I (30 mg/kg) or vehi-
cle were administered intraperitoneally in separate groups
of rats according to the same paradigm. Behavioral tests
(CatWalk, open field and forelimb placing) were performed
before ischemia and 72 hours after reperfusion. The area
of infarction was evaluated after the completion of behav-
joral tests on brain tissue slices stained with 2,3,5-triphen-
yltetrazolium chloride (TTC) using a computer based image
analysis system. Both NPY ... and ACPT-l significantly
diminished volume of infarction and improved selected gait
parameters even when administered during reperfusion.
The forelimb placing reflex was improved, however, only
when neuroprotective compounds where administered 30
min after MCA occlusion. Moreover, ACPT-l occurred to be
more efficient in improving rats mobility in the open field.
Thus, these results suggest that ACPT-I exerts better protec-
tion than NPY, ;. in this model of ischemia.

The study was supported by grant No. N N401 091037
from MS&HE.
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Genes associated with minocycline efficacy
in neuropathic pain

Rojewska E.!, Korostynski M.2, Przewlocki R.2,
Przewlocka B.}, Mika ).

IDepartment of Pain Pharmacology, Institute of Pharmacology,
Polish Academy of Sciences, Cracow, Poland

2Department of Molecular Neuropharmacology, Institute

of Pharmacology, Polish Academy of Sciences, Cracow, Poland

Microarray analysis give us an opportunity to exam the
molecular mechanisms of neuropathy and to find a new tar-
gets for neuropathic pain treatment. Last studies show mul-
tiple endogenous factors, which are involved in the chronic
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pain development. It is known that the neuroimmune inter-
actions play important role in this process and they may be
one of the reasons for the loss of efficacy for many analge-
sics. Our previous data indicated the importance of spinal
microglia activation-related genes in the development of
neuropathic pain and their participation in the persistence
of its symptoms. Repeated minocycline (30 mg/kg, ip.)
was shown to relieve neuropathic pain symptoms by inhib-
iting the spinal microglia activation and, in consequence,
reduced release of numerous cytokines. The genes associ-
ated with minocycline efficacy under neuropathy should
provide insight into the etiology of pain. Therefore, the aim
of the our study was to determine, at the spinal cord level,
which of the genes that were changed after sciatic nerve
injury are modulated by minocycline. The microarray exper-
iments helped us to identify numerous transcripts that are
important for the development of neuropathy and may
be possible targets for drug therapy. The DNA microarray
method allowed us to choose 93 transcripts (transcription
pattern T) from 22 500 studied transcripts, due to their
abundance level changes after sciatic nerve injury, as well
as 39 transcripts that were modulated by repeated adminis-
tration of minocycline. To further research we have selected
two gene expression patterns T1 and T2. The first transcrip-
tion pattern T1consisted of 10 transcripts with mRNA abun-
dance levels rising after the injury and minocycline inhibit
the effect of the injury; and the T2 transcription pattern
have 6 transcripts with mRNA abundance levels dropping
following CCl and minocycline reverses the effect. Addition-
ally, we studied changes in selected gene expression by
RT-PCR. In summary, our gene analysis offers the first step
towards future research into genes that can be modulated
and may be good targets for effective and safe therapies for
the treatment of neuropathic pain.

Supported by statutory founds and NCN grant 2011/
03/B/NZ4/00042.
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Anti-ischemic effects of 3,3’-diindolylmethane
in mouse hippocampal cells at early
developmental stages

Rzemieniec J., Litwa E., Wnuk A., Lason W., Kajta M.

Department of Experimental Neuroendocrinology, Institute
of Pharmacology, Polish Academy of Sciences, Cracow, Poland

Cerebral ischemia is a condition in which insufficient
blood flow results in poor oxygen and glucose supply to
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the brain, thus causing brain damage or stroke. During
the neonatal period of life, ischemia appears as a major
risk factor of cerebral palsy, seizures and cognitive impair-
ments. Ischemic episodes have been increasingly recog-
nized in children, but diagnosis and management is dif-
ficult because of diversity of underlying risk factors and
the absence of a uniform treatment approach. 3,3’-diin-
dolylmethane (DIM) is a plant-derived, acid-catalyzed
condensation product of indole-3-carbinol that exhibits
property of selective aryl hydrocarbon receptor modulator,
and shows anti-carcinogenic capacity by inducing apop-
tosis in various cancer cells. Recent studies also indicated
neuroprotective potential of DIM against brain inflamma-
tion and neurodegenerative diseases. The aim of present
study was to evaluate neuroprotective effect of DIM in
mouse hippocampal cells exposed to ischemia at early
developmental stages. In this study, ischemic conditions
were mimicked by exposure of embryonic hippocampal
cells in primary cultures at 2, 7 and 12 days in vitro to 6 h
lasting oxygen and glucose deprivation (OGD). Caspase-3
activity and lactate dehydrogenase (LDH) release were
measured at 18 h of reoxygenation. In this study para-
digm, OGD induced LDH release in mouse hippocampal
cultures and increased its level by 23, 165 and 40% at
2, 7 and 12 days in vitro, respectively. OGD also caused
about 30% enhancement in caspase-3 activity, but only in
neuronal cells at later studied days in vitro. DIM used in
wide concentration range (0.01-10 mM) inhibited the isch-
emia-induced LDH release in mouse neuronal cells at all
analyzed stages. In addition, DIM in concentrations of 0.01
and 10 mM reduced the OGD-induced caspase-3 activi-
ty in 7 and 12 days old hippocampal cultures. This study
demonstrated strong protective and anti-apoptotic effects
of DIM in neuronal cells exposed to ischemia/OGD at early
developmental stages. According to our data, the selective
aryl hydrocarbon receptor modulator may represent novel
therapeutic approach against ischemic brain injury.

This study was supported by the Polish National Center
of Science grant No. 2011/01/N/NZ3/04786.
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Induction of oxidative stress in rat brain after
repeated oral exposure to silver nanoparticles
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The unique physical, chemical and biological proper-
ties of silver nanoparticles (AgNPs) have led to their exten-
sive use in many industrial applications, including food
industry, textile engineering and silver-based consumer
products (e.g. cosmetics, cleansers, medical devices).

However, silver nanoparticles can interact with many
substances in the human body due to their high reactivity,
which might result in unknown hazards. Presently, only a few
studies are dedicated for investigating their toxic potential.
Most of them have been conducted using in vitro models.

The aim of the present study was to investigate wheth-
er commercially available small-sized silver nanoparticles
induce oxidative stress in male adult rats and to compare
their effect with the effect caused by silver ions.

Animals were exposed to oral application of 10 + 4 nm
AgNPs or silver ions in concentration 0.2 mg/kg for 14 days.
Using transmission electron microscopy (TEM), nanosized
granules were detected in the brain of exposed rats. To
assess oxidative stress in the brain homogenates from
exposed animals, ROS level and membrane peroxidation
were measured. Additionally, the influence of AgNPs and
silver ions on antioxidant enzymes activity (catalase, super-
oxide dismutase, glutathione peroxidase) was evaluated.
Despite this, the ratio of reduced to oxidized glutathione
was investigated, so was the level of protein glutathionyla-
tion. Our results show, that exposition to AgNPs or silver
jons resulted in increase in ROS level, lipid peroxidation and
antioxidant enzymes activity in the brain homogenates,
whereas the ratio of reduced to oxidized glutathione sig-
nificantly decreased.

These results indicate, that the induction of oxidative
stress under condition of AgNPs or silver ions exposure,
is almost certainly one of the mechanisms of their neu-
rotoxicity.
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Prenatal stress enhances the production
of pro-inflammatory cytokines: studies
in hippocampal organotypic cultures

Slusarczyk J., Trojan E., Glombik K., Basta-Kaim A.
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of Pharmacology, Polish Academy of Sciences, Cracow, Poland

Inflammatory processes may be one of the most
important causes of the development and progression of
affective disorders. Due to a cytokine theory of depression
changes in production of cytokines may play the role in
the etiology of these disease. It has been observed that
IFN-y, IL-1 or IL-2 administration may lead to manifesta-
tion of symptoms and behavioral changes resembling
those observed in major depression in humans. On the
other hand, stress is a very important factor investigated
in context of mood disorders. Exposure to stressful events,
especially in the critical time of development as prenatal
or early postnatal period, influences brain homeostasis
by affecting the nervous, endocrine and immune systems
and may lead to disturbances in the neurodevelopment in
adulthood.

In our studies, we determined the effect of prenatal
stress procedure — an animal model of depression — on
the cytokine levels in hippocampal slice cultures. This ex
vivo procedure allows preservation of natural connections
between the immune, nervous and endocrine systems,
cytoarchitecture and functional neuronal-glial interac-
tions. The hippocampus was chosen for the study due to
its role in the pathogenesis of depression.

Pregnant Sprague-Dawley rats were subjected dai-
ly to three (at 9.00, 12.00, 17.00 o’clock) stress sessions
from 14t day of pregnancy until delivery. Control preg-
nant females were left undisturbed in their home cages.
Hippocampal slice cultures were prepared from 7-8 day
old rats, according to the method previously described by
Stoppini et al. (1991) with slight modifications. Hippocam-
pi, isolated from control and prenatally stressed animals
were sectioned into 350 pm transverse slices, separated
and then transferred onto porous membrane inserts of
6-well culture plates. Each well contained 1 ml culture
medium composed of 50% DMEM; 25% HBSS; 25% Horse
Serum; 5 mg/ml glucose; amfotericin B; penicillin—strep-
tomycin). Cultures were initiated in a regular, 25% horse
serum-containing medium which was gradually replaced
by a serum-free, defined-solution-based medium. Cultures
were maintained for 7-9 days under standard conditions.
The levels of cytokines (TNF-a, IL-1B, IL-6) in supernatants
were quantified by specific ELISA kits.
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Prenatal stress procedure enhanced the release of IL-1B
and TNF-a in hippocampal slices. Moreover, we observed an
increased production of IL-6 in hippocampal organotypic
cultures obtained from animals after prenatal stress proce-
dure.

Our results, using the organotypic cultures, show that
prenatal stress may have an important influence on hippo-
campus, the brain structure, which plays a key role in the
pathogenesis of depressive disorders. Increased inflam-
matory status after stress may affects these structure
especially the neuron-glia interaction.

This work was supported by grant no. 2013/09/B/NZ7/
04096.
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in two neuropathic pain models in mice
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Neuropathic pain may be caused by various conditions
that result in nerve damage, including traumatic injury or
disease, like diabetes. Typical painful symptoms, such as
hyperalgesia (enhanced response to painful stimuli) and
allodynia (painful response to neutral stimuli), are thought
to be related to constant over-activation of pronociceptive
system. lIdentification of biochemical components that
comprise on escalated nociceptive mechanisms may help
in finding an efficient remedy premised on re-balancing
pronociceptive system’s functions. In our study we com-
pared two mice neuropathic pain models that refer to the
common clinical neuropathy causes: Bennett’s chronic
constriction injury model (CCl) with sciatic nerve damage,
and streptozotocin-induced diabetic neuropathy. Male CD-1
Albino Swiss mice were tested at 7th, 14th 215t and 28t
day after CCl surgery or streptozotocin (STZ) intraperito-
neal administration to assess allodynia and hyperalgesia
development, with usage of von Frey and cold plate tests,
respectively. Also the glucose level in animals’ blood was
measured to assess diabetes development. All animals that
have not developed neuropathy after nerve injury were
excluded from the study as well as animals with no diabe-
tes in STZ model. The curve of allodynia and hyperalgesia
development is different for these two models. While hyper-
algesia and allodynia intensity is similar on day 7 in both
models, it differentiates markedly on day 14 and on day 28.
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In the latter time point much weaker effects are obtained in
a model of CCl and, in contrast, stronger in the STZ model.
This proves that neuropathy symptoms in diabetes build
up over time, while symptoms in CCl model have opposite
tendency. At every time point aforementioned probes of
spinal cord tissue were taken to be further analyzed with
gRT-PCR method for the activity of pronociceptive systems
by analysis of the changes in kappa opioid, B2, and/or MC4
receptors which activation produced pronociceptive effect
mediated by endogenous peptides, such as dynorphin, bra-
dykinin and/or alpha MSH. Such analysis is to identify pep-
tides and biochemical routes that are crucial in neuropathic
pain development and maintenance. Further studies may
test the possibilities of modulating the activity of prono-
ciceptive peptides with their receptors’ blockage, with an
outlook to develop novel neuropathic pain therapies.

The work was supported by grant Maestro NCN 2012/
06/A/NZ4/00028. J. Starnowska is a Ph.D. student and has
a scholarship from the KNOW funds sponsored by Ministry
of Science and Higher Education, Poland.
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Morphological features of astrocytic reaction
after transcient cerebral ischemia in the rat

Steliga A.l, Lietzau G.2, Waskow M.}, Karwacki Z.3,
Wojcik S.2, Klejbor 1.2, Morys J.2, Kowianski P.1:2

IDepartment of Health Sciences, Pomeranian University

of Slupsk, Stupsk, Poland

’Department of Anatomy and Neurobiology, Medical University
of Gdansk, Gdansk, Poland

3Department of Neuroanesthesiology, Medical University

of Gdansk, Gdansk, Poland

Introduction: Cerebral ischemia is one of the most
powerful pathological stimuli triggering reaction of glial
cells, known as reactive astrogliosis. Fundamental fea-
tures of this reaction depend on type, duration and sever-
ity of the pathological stimulus, as well as affected region
in the brain [1]. Astrocytes are one of the most important
cell populations of the central nervous system, generating
the response to the damaging factor. Astrocytic reaction to
ischemic stroke is predominantly related with restriction
and isolation of the damaged tissue from the intact brain’s
structures, as well as ability to restore the other damaged
cell populations.

Aim: The assessment of selected morphological features
of reactive astrocytes, indicating their potential for division,
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proliferation and reduction of tissue damage consequences
was performed in the rat model of ischemic stroke.

Material and methods: Forty adult male Wistar rats
were used in this study. Transient focal cerebral ischemia
was evoked by placement of the surgical thread into the
internal carotid artery and 1 hr occlusion of the middle cer-
ebral artery. The postoperative survival period was up to
6 weeks. Immunocytochemical stainings for GFAR Ki-67,
and Pax6 were performed, with subsequent confocal micro-
scopic study.

Results: Both studied transcription factors, namely
Ki-67 and Pax6 were found in GFAP-immunorecative (ir)
astrocytes, localized within the damaged brain. The inten-
sity of double-labeling for the studied factors increased
gradually after the first week of reperfusion. Intense hyper-
trophic reaction developed. An increased GFAP-ir of the
astrocytic fibers surrounding the lesion was observed.

Conclusions: Reassuming, our results concerning astro-
glial reaction indicate regaining of the morphological fea-
tures, characteristic for the earlier developmental stages,
by this cell lineage, as well as development of proliferative
and division capacities in response to transient ischemia.
The intense and multidirectional nature of the astrocytic
response should be taken into account in future studies on
the ischemic stroke.

References

1. Steliga A, Waskow M, Karwacki Z, Wéjcik S, Lietzau G, Klejbor |,
Kowianski P. Transcription factor Pax6 is expressed by astrog-
lia after transient brain ischemia in the rat model. Folia Neuro-
pathol 2013; 51: 203-213.
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Sensitivity of glioma cell lines to modified
isotiourea derivative (ZKK-3) under anoxia
conditions

Stepien K., Ostrowski R.P., Pucko E.B.!, Kazimierczuk Z.2,
Matyja E.!

IDepartment of Experimental and Clinical Neuropathology,
Mossakowski Medical Research Centre, Polish Academy
of Sciences, Warsaw, Poland
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Introduction: Gliomas are the most common prima-
ry brain tumours. Despite the improvement of the surgi-
cal techniques, radio- and chemotherapy, the treatment
of malignant gliomas remains non effective. Hypoxia is
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thought to play the major role in treatment failure of glial
tumours. The aim of this study was to examine how an
anoxic gas application impacts on the growth and prolif-
eration of glioma-derived cell lines treated with selected
cytostatic agent with potential anti-tumour properties.

Material and methods: The experiment was performed
on human glioblastoma T98G cell line (WHO grade IV), cell
line derived from low-grade paediatric brain tumour — sub-
ependymal giant cell astrocytoma (SEGA, WHO grade ) and
normal human astrocytes (HA). For the experiment, the
modified isothiourea derivative, N,N’-dimethyl-5-(2,3,4,5,6-
pentabromobenzyl)-isothiouronium bromide (ZKK-3), was
chosen. Cells were cultured in a medium supplemented
with ZKK-3 (25 and 50 pM) or without the tested agent.
Cells were divided into two experimental groups. One of
them was subjected to 24 hours oxygen deprivation after
ZKK-3 application, while the second one was additionally
exposed to 18 hours of anoxia pretreatment (N,/CO, gas
mixture with 95% N, and 5% CO,). Control cultures were
maintained in normoxic conditions. The viability of cells
was assessed using Trypan blue dye exclusion. Cell prolif-
eration was evaluated by hemocytometer and Multisizer 3
Beckman Coulter.

Results: Oxygen deprivation caused the decrease of
viability of SEGA neoplastic cells and normal human astro-
cytes. However, there was no significant alteration in the
number of cultured T98G cells between cells exposed to
24 hours of anoxia and those maintained in normoxic condi-
tions. The reduction of T98G cell lines proliferation rate was
observed only while 18 hours of anoxic gas pretreatment
was applied. The anoxic conditions resulted in considerable
decrease of sensitivity of T98G glioma cells to the low con-
centration of ZKK-3, especially in the group pretreated with
anoxia. For 50 pM of tested compound, the impact of anox-
ia on T98G cell line viability was not observed.

Conclusions: Reduction of anti-tumour properties of
ZKK-3 related with oxygen deprivation condition, observed
for lowconcentration of tested agent, was probably asso-
ciated with the drug resistance effect. However, the 24h-
anoxia was insufficient to induce drug resistance at high
50 pM concentration of tested compound. It might sug-
gest, that limited access to the oxygen slows down the
metabolism of astroglial cells due to anaerobic respiration.
This phenomenon probably results in decrease of prolifer-
ation rate in anoxia-treated cell lines. The results spotted
in anoxia-treated T98G and SEGA cell line suggest that
the survivability of neoplastic cells upon anoxia conditions
might depend on tumour type/grading.

The research was supported by the KNOW-MMRC project
and partially by the Foundation for the Development of Diag-
nostic and Therapy.
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An analysis of the relationship between
anxiety and social rank
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Social rank limits social space for conspecifics. This
phenomenon occurs in human and non-human forms of
social community. Social rank means that the individuals
high in the social rank have more social opportunities com-
pared to those low in the social hierarchy. Several studies
revealed that maintenance of social position is stressogen-
ic and altered action of physiological systems. In our pre-
vious studies we observed that the brain noradrenergic
system is implicated in the control of social rank studied
in a social competition test what indicates that social rank
have important consequences for the hypothalamo-pitu-
itary-adrenocortical (HPA) system activity of the conspe-
cifics. It is known that the brain noradrenergic neurons
activity is closely related to the control of the HPA system.
The obtained data showed that the maintenance of the low
social position was correlated with enhance of noradren-
aline release. It indicates that the low position in social
stratification was due to anxiety induced by the presence
of a high ranking animal, winner of a competitive situa-
tion. One of the hypothesis suggests that the formation of
social rank resulted in the increase of anxiety in low rank-
ing people. Moreover, the anxiety and observed in subordi-
nate people anhedonia lead to mood disorders and other
pathologies. The present study was designed to examine
1) anxiety indices of conspecifics holding different social
position and 2) correlations between social indices mea-
sured in the social competition test and concentration of
corticosterone (CORT) in the blood plasma of rats. In the
presented experiments two social competition models
were used, with or without food deprivation. The statisti-
cal analysis of behavioural indices registered during anxiety
test showed a lack of differences related to social stratifi-
cation. However, visible differences were revealed in tem-
poral dynamics of measured behavioural indices in relation
to social position. Competition between conspecifics was
associated with differences in CORT concentration accord-
ingly to social rank of rats. Additionally, the analysis of
social indices showed a positive correlation between CORT
concentration and index of vertical behaviour of dominants.
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Effects of glutamate receptors antagonists
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in the myelin of EAE rats
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Experimental autoimmune encephalomyelitis (EAE)
is an animal model useful in investigations of the patho-
mechanisms of multiple sclerosis (MS). MS is an inflamma-
tory demyelinating disease of the central nervous system
(CNS) that often affects young adults between 20-40 years
of age. A characteristic sign of the disease is the damage
and loss of oligodendrocytes and myelin sheaths in the
white matter of the spinal cord and brain. So far the etio-
logy of MS is unknown. However, presumably one of the
mechanisms involved in the disease, might be excitotox-
icity. The elevation of glutamate in cerebro-spinal fluid as
well as changes in the expression of glutamate receptors
(iGluRs and mGluRs) and excitatory amino acids trans-
porters (EAATs) were observed in brains of MS patients/
EAE animals. We tested the effect of glutamatergic recep-
tors antagonists: NMDARs — amantadine and memantine
and mGluRs G | =LY 367385 and MPER on the neurological
condition of EAE rats and biochemical and morphological
changes observed in brain’s myelin during EAE course in
rat brains. The electron microscopy studies showed dis-
turbances in myelin ordered layers in EAE rats. A signifi-
cant changes in the structure of oligodendrocytes, activa-
tion and proliferation of microglia and astroglia were also
observed. Moreover, we investigated the levels of mRNA
for characteristic myelin protein (myelin markers) such as:
MOG, MAG, PLR and CNP-ase, by real time PCR technique
in EAE rats and after treatment with glutamate receptors
antagonists. The therapy with some of glutamate recep-
tors antagonists (amantadine and memantine) has shown
protective effects in EAE rats. The results suggest that dis-
turbances in progressive brain damage in EAE and mecha-
nisms of myelin degradation may be associated with glu-
tamate excitotoxicity.

This work was supported by the Polish MNISW grant
N N401 620038.
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Oligodendrocyte progenitors provide trophic
support for ischemically injured nervous tissue
Sypecka J., Strojek L., Winiarska H., Sarnowska A.

NeuroRepair Department, Mossakowski Medical Research
Centre, Polish Academy of Sciences, Warsaw, Poland

The main role of oligodendrocytes is to myelinate
nerve fibers in the central nervous system. However their
high importance for the functioning of nervous tissue
is suspected to go beyond the process of myelinogene-
sis. To address this issue, we designed a study aimed at
determining potential neuroprotective properties of oligo-
dendrocytes and their progenitors. For this purpose, rat
organotypic hippocampal slices were exposed to a brief
oxygen and glucose deprivation (OGD) which allows mim-
icking an ischemic injury in vitro. Immediately after the
OGD procedure, the hippocampal slices were co-cultured
together with differentiating oligodendroglial progeni-
tors derived from neonatal rat brains. The cell survival
and proliferation rate in the injured slices were estimated
by immunohistochemical methods. After confirming the
beneficial influence of the neighboring oligodendrocytes
on the injured tissue, a set of molecular and biochemical
experiments was carried out with aim of determining the
mechanism(s) of the observed profound neuroprotective
effect. The obtained results revealed that the oligodendro-
cyte-derived BDNF is the major factor promoting neuron
survival in OGD-subjected hippocampal slices, while SCF
strongly promote the cell proliferation. Among the new-
ly-born cells, neuroblasts and microglia could be found
most frequently, pointing to both the neuroprotective and
neuroimmunomodulatory role of differentiating oligoden-
drocytes. In conclusion, the presented study revealed that
oligodendrocytes are able to secret BDNF and other active
factors, thus providing trophic support for the other neural
cells. The presented study confirms the hypothesis con-
cerning the complex functions of oligodendrocytes in the
nervous tissue.

Supported by grant 0345/B/P01/2010/38.
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The influence of recombinant a-synuclein
protein injection on the expression

of selected inflammatory factors

in the murine brain

Sznejder-Pacholek A., Joniec-Maciejak I., Wawer A.,
Schwenkgrub )., Mirowska-Guzel D.

Department of Experimental and Clinical Pharmacology,
Medical University of Warsaw, Warsaw, Poland

The studies exploring possible reasons of the neuro-
degeneration in Parkinson’s disease are still far from
conclusion. However, it has been already confirmed that
a-synuclein protein (ASN), together with other proteins, is
the principal component of Lewy pathology and influences
strongly the pathogenesis of Parkinson’s disease. It was
observed that the increased level of ASN protein caused
the microglia response. Microglial activation leads to the
increased expression of inflammatory genes in the cen-
tral nervous system (CNS), and the infiltration of periph-
eral immune cells into the CNS. Recent evidence suggests
that reactive microglia cells may actively participate in the
damage of dopaminergic neurons. Therefore, we exam-
ined the potential role of recombinant monomer of ASN in
the inflammatory reaction in murine model of PD, hoping
that clarification of the exact role of ASN in the inflam-
mation will help us to understand the molecular mecha-
nism of injuries of dopaminergic cells. ASN was bilaterally
administered into substantia nigra (SN) or striatum (ST).
We investigated the effect of high ASN monomer con-
centrations on microglia response: ionized calcium-bind-
ing adapter molecule 1 (IBA1) expression by western blot
method, as well as some pro-inflammatory cytokines
expression (interleukin: IL-6, IL-12) by Real-Time PCR and
the lymphocytes T (CD3+, CD8+, CD4+) infiltration in the
ST and SN of mice. The infiltration of the lymphocytes was
measured by immunohistochemical method. We observed
an increase of activated microglia cells (IBA1), a strong
infiltration of lymphocytes T (CD8+ and CD4+) and higher
level of mRNA for pro-inflammatory cytokines (IL-6, IL-12)
after bilateral injection of ASN.

Our study provided more evidence for the involvement
of ASN in the inflammatory response in the CNS. However,
further studies are required to reveal the detailed mech-
anism of the influence of ASN in neuro-inflammation in
course of Parkinson’s disease.
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Impact of triclosan on aryl hydrocarbon
receptor-induced neurotoxicity and apoptosis
in mouse neocortical neurons
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Triclosan (TCS) is an antimicrobial agent used exten-
sively in personal care and sanitizing products, such as
soaps, toothpaste, and hair products. Over the past half
century TCS has been incorporated into ever growing
numbers of medical products as well as in household
items, such as plastic cutting boards, sports equipment,
textiles and furniture. The TCS has been detected in water
and sediments and also in human workplace and private
houses dust in wide range of concentrations. A number
of studies has shown presence of TCS in different human
tissue such as blood, adipose tissue, liver, brain, breast
milk and in urine. There are limited studies evaluating the
toxicity of TCS and data concerning bioaccumulation of
TCS in living organisms are inconsistent. Some evidence
indicate that TCS can be cumulated in human nails but
previous studies have demonstrated that TCS is also
metabolized to sulfate and glucuronide by the liver and
extracted in methylated form in urine. It is well known that
TCS has a similar chemical structure to dioxin and in the
presence of sunlight may be transformed to produce up
to four dioxin compounds such as 2,8-DCDD, 2,3,7-TCDD,
1,2,8-TriCDD, and 1,2,3,8-TCDD. Aryl hydrocarbon receptor
(AhR) is involved in the cell response to the numerous
xenobiotics especially to dioxin. It has been demonstrat-
ed that this receptor is involved in regulation of genes
expression which control growth and differentiation of
neurons, and plays a key role in their metabolism and
adaptation. The apoptosis dependent on the activation
of AhR has been observed in primary cells cultures of the
neocortex, hippocampus and cerebellum. The aim of the
present study was to investigate the involvement of AhR
in the cytotoxic and proapoptotic effects of TCS in mouse
neocortical neurons. The cultures of neocortical neurons
were prepared from Swiss mouse embryos on 15/16 day
of gestation. The cells were cultured in phenol red-free
Neurobasal medium with B27 and glutamine. On 7t day in
vitro AhR siRNA was applied to neurons for 12 h at 50 nM
in antibiotic-free medium containing the siRNA transfec-
tion reagent interferin. After silencing process the experi-
mental cell culture groups were treated with AhR agonist
B-naphthoflavone (BNF) and TCS for 24 h. After silencing
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procedure and exposure to BNF or TCS the release of the
lactate dehydrogenase (LDH) in the culture medium and
caspase-3 activity in cells was measured.

Our preliminary data demonstrated that in the pres-
ence of BNF as well as TCS the increase in neuronal
apoptosis and LDH release into the culture medium were
observed. In neurons undergoing silencing procedure in
the presence of BNF no significant changes in cytotoxic-
ity or induction of apoptosis were observed. Additional-
ly, the cytotoxic as well as proapoptotic effect of TCS was
partially reduced after silencing process. In summary, the
presented study demonstrated that AhR is involved in TCS
mechanism of action.

Support by statutory funds of Agricultural University in
Cracow DS 3242/14.
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The impact of olanzapine on the
dehydrogenase lactate release in cortical
organotypic cultures — study in an animal
model of schizophrenia

Trojan E., Slusarczyk J., Glombik K., Kurek A.,
Basta-Kaim A.

Departament of Experimental Neuroendocrinology, Institute
of Pharmacology, Polish Aacademy of Sciences, Cracow, Poland

Introduction: Schizophrenia is a common and disabling
psychiatric brain disorder of neurodevelopmental origin,
in which both genetic and environmental factors appear
to play an important role. Many data from epidemiological
and clinical studies indicate that viral or bacterial infection
during pregnancy may enhance the risk of schizophrenia
in adulthood. Therefore among the animal models used to
study the etiology of schizophrenia, the systemic adminis-
tration of the bacterial endotoxin lipopolysaccharide (LPS)
during pregnancy is often applied.

Aim: The aim of this study was to assess the effect of
prenatal LPS administration on the lactate dehydrogenase
(LDH) activity in cortical organotypic cultures in both — bas-
al and inflammatory conditions. Moreover, we determined
the role of antipsychotic drug — olanzapine administration
on the above mentioned parameter and the possible mech-
anism of this drug action in cortical organotypic cultures
obtained from control and prenatally LPS treated offspring.

Material and methods: Female Sprague-Dawley rats
were paired with syngenic males. Pregnancy was confirmed
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the next morning. LPS (at the dose of 1 mg/kg, Serotype
026:B6) was injected sc every second day from the 7t day
of pregnancy till delivery. The cortical organotypic cultures
were prepared from the brains isolated from 6-7 day old
offspring. All biochemical analyses were performed after
culture stabilization. The activity of lactate dehydrogenase
was measured in the medium by colorimetric LDH assay.
The tests were performed in cortical organotypic cultures
obtained from control and prenatally LPS -treated newborns
in both basal conditions and following additional endotoxin
(100 ng/ml) stimulation. In the next set of experiments the
influence of olanzapine (at a dose of 5 pM) or/and selective
phosphatidyloinositol 3-kinase (PI3K) inhibitor — wortman-
nin (at the dose of 10 pM) — administration was evaluated.

Results: Our data demonstrated that prenatal LPS
administration during last two weeks of pregnancy
increased LDH release from the cortical organotypic cul-
tures. Moreover in the cortical cultures obtained from pups
prenatally treated with LPS the potentiation of LDH release
after acute LPS treatment with comparison to cultures of
controls was observed. On the other hand acute adminis-
tration ofolanzapine resulted in a decrease of cell mortality.
The involvement of PI3K/Akt pathway in the olanzapine
action was confirmed by the use of wortmannin, an inhib-
itor of phosphatydylinositol 3-kinase which attenuated the
protective olanzapine action.

Conclusions: This study provided evidence of the pro-
tective effect of olanzapine in cortical organotypic cultures
in animal model of schizophrenia based on prenatal LPS
administration. Furthermore, it may be postulated that
inhibitory impact of this drug on the LDH release is mainly
connected with enhancement of PI3k pathway.

This study was supported by statutory funds Institute
of Pharmacology PAS.
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Increased concentration of a-synuclein alters
metabolism and transport of dopamine in mice

Wawer A.!, Sznejder-Pacholek A.l, Joniec-Maciejak 1.},
Schwenkgrub ).1, Mirowska-Guzel D.!:2

IDepartment of Experimental and Clinical Pharmacology,
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2Institute of Psychiatry and Neurology, Warsaw, Poland

Parkinson’s disease (PD) is the second most common
progressive neurodegenerative disorder after Alzheimer’s
disease. It is characterized by two major processes: a pro-
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gressive loss of dopaminergic neurons and an accumulation
of intraneuronal Lewy bodies containing misfolded fibrillar
a-synuclein (ASN). Neurodegeneration occurs mainly in sub-
stantia nigra (SN), accompanied by a decreased concentra-
tion of dopamine (DA) and its metabolites in striatum (ST).
Various etiological triggers have been linked to PD, including
genetic mutations and environmental toxins, but the path-
way that leads to neurodegeneration remains unknown.

The aim of our study was to examine the influence of
recombinant monomers of ASN on dopaminergic system
activity. 1-year-old male C57Bl mice were used in this study.
ASN was bilateraly administered into SN or ST. Animals
were sacrificed at 4 weeks following ASN administration.

To evaluate the influence of the ASN on the neurode-
generation concentrations of striatal DA and its metabo-
lites were measured by high performance liquid chroma-
tography (HPLC). The expression of dopamine transporter
(DAT) was measured by western blot method.

We observed changes in dopamine metabolism after
ASN monomers administration. Our study also showed sta-
tistically significant influence of ASN on dopamine reuptake
via DAT.

Further research must be conducted to better under-
stand the crucial role of ASN in the neurodegenerative pro-
cess in PD.

|B31]
Adipokines and other factors connected

with dementia

Wehr H., Bednarska-Makaruk M., Graban A.

Department of Genetics and | Department of Neurology, Institute
of Psychiatry and Neurology, Warsaw, Poland

Several circulating factors manifesting activity in neuro-
chemical events were determined in persons with demen-
tia and compared with control subjects. The whole group
comprised 327 persons: 207 females and 120 males, aged
72.7 £ 8.7 years. 68 of them were diagnosed as probable
Alzheimer’s disease (AD), 33 as dementia of vascular ori-
gin (VaD), 47 as mixed dementia (MD), 83 as mild cognitive
impairment (MCl) and 96 were controls without cognitive
impairment (C). The levels of several adipokines: adiponec-
tin, leptin, resistin and of the brain derived neurotrophic
factor (BDNF) and interleukin-6 (IL-6) were determined in
blood serum.

As connection of dementia with carbohydrate metab-
olism disturbances is observed, therefore glucose levels,
glucose tolerance and insulin levels were also determined.
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Statistically significant higher adiponectin and IL-6
levels, as compared with controls and glucose intolerance,
were stated in MD and higher resistin levels and glucose
intolerance in VaD. Therefore these preliminary results
suggest the existence of disturbances in such forms of
dementia which are connected with vascular pathology.

|B32|

Purinergic P2 receptors activation mediates
neuroblastoma SH-SY5Y cell death evoked
by extracellular a-synuclein

Wilkaniec A., Cieslik M., Gassowska M.,
Lenkiewicz A.M., Czapski G.A., Adamczyk A.

Department of Cellular Signaling, Mossakowski Medical
Research Centre, Polish Academy of Sciences, Warsaw, Poland

The purinergic P2 receptors for adenosine 5’-triphos-
phate (ATP) are abundantly present in the central nervous
system and play important roles in neurotransmission,
neuromodulation, as well as in glial cells function. P2
receptors belong to two structurally distinct families, the
G protein-coupled P2Y receptors and the ligand gated ion
channels — P2X receptors. Recently, extracellular ATP and
specific purinergic receptor subtypes have been shown to
be involved in neurodegenerative disorders including Par-
kinson’s and Alzheimer’s diseases. However, till now the
mechanisms underlying the disturbances in ATP-mediated
neurotransmission are not well established. Recent stud-
ies indicated that in neurodegenerative disorders, a-synu-
clein (ASN) has been released and taken up by cells that
may facilitate its progressive pathological spreading in the
brain. Our own in vitro studies support the idea of trans-
cellular spread of secreted ASN and showed its significant
cytotoxic effect when applied extracellularly. Therefore,
the aim of this study was to examine the role of puriner-
gic P2 receptors and ATP in the neurotoxicity induced by
extracellular ASN.

The experiments were performed in human SH-SY5Y
neuroblastoma cells differentiated with the all-trans ret-
inoic acid (ATRA) using immunochemical, spectrophoto-
metric, radiochemical and spectrofluorometric methods.
Our study showed that SH-SY5Y cells express P2X4, 5, 7
and P2Y1 receptors. We have investigated the effect of
ASN on gene expression and protein level of all these
receptors, but we did not observe any significant chang-
es. However, exposure of SH-SY5Y cells to ASN (10 uM)
induced significant increase in cytosolic calcium load, that
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was mainly caused by the activation of extracellular Ca?*
influx. The stimulation of P2 receptors by ATP (5 mM) was
found to trigger the similar but more pronounced effect
than ASN. Furthermore, we found that ASN-evoked Ca?*
influx was partially eliminated by the selective puriner-
gic P2 receptors antagonist, PPADS (200 puM). In order to
clarify the molecular mechanisms mediating the activa-
tion of P2 receptors, we examined the effect of ASN on
extracellular ATP concentration and found that ASN pro-
moted the release of ATP from SH-SY5Y cells. Moreover,
both exogenous ASN and ATP induced significant increase
in SH-SY5Y neuroblastoma cells death by about 50%. The
toxic effect of these compounds was significantly prevent-
ed by PPADS, indicating that activation of P2 receptors is
involved in cytotoxicity evoked by extracellular ASN in the
human neuroblastoma SHSY-5Y cell line. Taken together,
these results raise the possibility that the P2 signaling
pathway could be a therapeutic target for treating neuro-
degenerative disorders.

Supported by NCN grant 2013/09/D/NZ3/01359.
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Impact of retinoid X receptor

on the apoptotic and toxic effects

of dichlorodiphenyldichloroethylene (DDE)
in mouse embryonic neuronal cells

Wnuk A., Rzemieniec J., Litwa E., Lason W., Kajta M.

Department of Experimental Neuroendocrinology, Institute
of Pharmacology, Polish Academy of Sciences, Cracow, Poland

One of the most toxic compounds is dichlorodiphe-
nyldichloroethylene (DDE) which is metabolite of the pes-
ticide dichlorodiphenyltrichloroethane (DDT). DDE may
easily cross the skin and blood-brain barrier. It accumu-
lates in human organisms, especially in adipose and brain
tissues. Recent epidemiological data exhibited the asso-
ciation between exposure to pesticides and increased
ratio of neural degeneration. Enhanced level of DDE was
detected in brain and blood samples of people suffering
from Alzheimer’s disease. Available data suggest that DDE
induces apoptosis in bird and murine neurons. Although
neurotoxic effects of DDE have been demonstrated, the
role of retinoid X receptor (RXR) in apoptotic and toxic
actions of DDE needs to be clarified. This study aimed to
provide evidence on involvement of RXR in DDE-induced
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apoptosis and neurotoxicity in mouse neuronal cells in pri-
mary cultures.

Our study demonstrated that DDE (10 and 100 pM) acti-
vated caspase-3 in the mouse neuronal cell cultures, which
was found within 6 hours after the treatment and accom-
panied by significant increase in lactate dehydrogenase-re-
lease (LDH) at 6 and 24 h of experiment. These effects were
not tissue-specific, i.e. hippocampal, neocortical and cere-
bellar cells responded to DDE in similar way. In addition, the
apoptotic and neurotoxic effects of DDE were followed by
approximately 2-fold increase in RXR protein level, as evi-
denced by ELISA and Western blot analyses. DDE-induced
stimulation of RXR-signaling was verified using selective
antagonist HX531and specific siRNA. HX531 inhibited the
effects evoked by DDE and reduced both caspase-3 and
LDH release. Furthermore, in RXR siRNA-transfected cells
DDE did not retain its apoptotic and toxic potency, thus
suggesting a crucial role of the receptor in propagation of
DDE-induced apoptosis and neurotoxicity.

This work was supported by the Operating Program of
Innovative Economy 2007-2013, grant No. POIG.01.01.02-
12-004/09.
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Contribution of tachykinin NK; and p-opioid
receptors to cardio-respiratory effects of the
analgesic chimeric peptide in anaesthetized rats

Wojciechowski P.l, Szereda-Przestaszewska M.},
Lipkowski A.W.2

I aboratory of Respiratory Reflexes, Department of Experimental
Pharmacology, Warsaw, Poland

2Department of Neuropeptides, Mossakowski Medical Research
Centre, Polish Academy of Sciences, Warsaw, Poland

Clinical use of opioid analgesics is limited by a varie-
ty of side effects such as respiratory arrest, arterial hypo-
tension, drug tolerance and dependence. Therefore, many
attempts are being made to create an effective analgesic
that is free fromabove-mentioned side effects. Recent-
ly synthesized peptide — AWL3106 — is composed of two
pharmacophores: p opioid receptor agonist — dermorphin,
and tachykinin NK; receptor agonist — substance P, ;.
This novel peptide shows strong analgesic activity of 5 and
30 folds the potency of morphine after intravenous and
intrathecal administration, respectively.

366

The purpose of the present study was to show the
contribution of each pharmacophore to cardio-respiratory
pattern evoked by AWL3106.

Cardiorespiratory parameters were measured in 27 an-
aesthetized spontaneously breathingrats. Animals were
treated with an intravenous injection of AWL3016 (0.3 umol/
kg) in the following scheme:

— in control conditions (n = 9) and after blockade of opioid
receptors with naloxone (2 mg/kg) (n = 9),

— following simultaneous blockade of opioid (naloxone)
and tachykinin NK; receptors with SR140333 (2 umol/kg,
n=29).

Control intravenous injection of AWL3106 induced an
apnoea of mean duration of 5.1 + 0.7 s ensued by breath-
ing of 19% reduced frequency (f) and 22% augmented tid-
al volume (V;) with no signs of ventilatory depression, as
well as 59% fall in mean arterial pressure (MAP) measured
2 min post drug.

Naloxone injected 2 min prior to AWL3106 challenge
prevented the occurrence of apnoea as well as signifi-
cantly reduced the maximal fall in breathing rate and an
increase in tidal volume compared to the control injection.
Minute ventilation still remained unaffected. Opioid recep-
tor blockade failed to prevent the decrease in MAP. Sub-
sequent blockade of NK, receptors resulted in suppression
of all cardiorespiratory effects induced by AWL3106.

The present study showed that activity of opioid phar-
macophore was essential to induce apnoea, whereas
simultaneous activation of opioid and tachykinin receptors
with AWL3106 affected both components of respiratory
pattern (V; and f). Arterial hypotension was associated
mainly with activation of tachykinin NK; receptors.

|B35|

Neurochemical changes underlying modified
swim test as an animal model of negative
symptoms of schizophrenia

Wozniak M., Wieronska )., Pilc A.

Institute of Pharmacology, Polish Academy of Sciences, Cracow,
Poland

Modified swim test has been recently introduced as an
animal model of negative symptoms of schizophrenia, espe-
cially the blunted effect. The model is based on the repeat-
ed treatment with antagonist of NMDA receptor — MK-801
(0.4 mg/kg, one a day for 13 days) which increases the immo-
bility in the modified swim test 24 h after the final injection
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of chosen compound. These behavioral deficit was reversed
by the atypical antipsychotic risperidone (0.1 and 0.2 mg/kg),
as well as by agonist of 5-HT,, receptors — (RS) 8-OH-DPAT
(0.01; 0.025 mg/kg). We also studied the activity of two
positive allosteric modulators of GABA, receptor: CGP7930
(1; 2.5; 5 mg/kg) and GS39783 (0.5; 1; 2 mg/kg) in the same
model. The compounds were active at the doses of 5 mg/kg
and 0.5 and 1 mg/kg, respectively. In the second part of the
present study, with the use of western blotting analysis, we
also investigated the changes in 5-HT, , receptor and GAD65
and GAD67 level in PFC and hippocampus of MK-801-treat-
ed mice, as those proteins can be regarded as the markers
of the psychosis. The increases in 5-HT1A receptor level was
observed both in the PFC and hippocampus, while decrease
in GAD65 protein was observed in the hippocampus only. No
changes were observed for GAD67 receptor level in either
structure investigated. Our findings support the hypothesis
that the changes in 5-HT1A receptor and/or GABA level may
contribute to the pathophysiology of schizophrenia.

|B36|
Role of the Ras in regulation of BNIP3

expression in glioblastoma cells

Wysokinska E., Kalas W., Pawlak A., Ziolo E., Strzadala L.

Ludwik Hirszfeld Institute of Immunology and Experimental
Therapy, Polish Academy of Sciences, Wroclaw, Poland

It has been demonstrated that anticancer treatments
are able to induce autophagy in cancer cells. The role of
autophagy in cancer is not clear, as autophagy may pro-
mote cancer cell survival or became the mechanism of
growth restriction. In glioma cells this process can be
induced byanticancer agents such as arsenic trioxide, cera-
mide, temozolomide, quercetin or radiation.

Ras proteins, frequently mutated in human cancers,
function as molecular switches regulating pathways
responsible for proliferation and cell survival. Ras fami-
ly proteins were shown to play a role in the autophagy
process. For example, HRas is able to induce autophagy
through ERK signaling pathway in human colorectal, breast
and cervical cancer. In other models Ras induces autopha-
gy by upregulating Atg5 or Noxa and MEK/ERK pathway.
Bcl-2/adenovirus E1B-19 kDa-interacting protein 3 (BNIP3),
likewise Ras protein, is responsible for the fate of cancer
cells. BNIP3 is an important mediator of cell survival and
a member of the Bcl-2 family of proteins that regulate pro-
grammed cell death and autophagy.
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In our previous studies, we for the first time demon-
strated correlation between Ras, BNIP3 and process of
autophagy in human colorectal cancer cell line (DLD-1). We
have showed the primary role of KRas in the regulation of
BNIP3 protein expression, establishing a link between the
expression of oncogenic HRas and upregulation of BNIP3
and their control of autophagy in cancer cells. Additionaly
we found that upregulation of BNIP3 in DLD-1 cells results
in KRas-dependent resistance to 5-Fluorouracil.

Glioblastomas are the most aggressive form of brain
tumor that show resistance to treatment with various
chemotherapeutic agents and BNIP3 was shown to pro-
mote its survival and adaptation to hypoxia by autophagy.
The purpose of our studies is to elucidate the role of Ras
and BNIP3 in induction of autophagy in U373MG glioma
cell line. Here we present the data on regulation of BNIP3
expression by Ras in glioblastoma cells in normoxia and
hypoxia. We believe that these studies will reveal the new
opportunities for treatment of glioblastoma.
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Effect of clonidine on kynurenic acid
production in rat brain cortex

Zakrocka I., Turski W.A., Kocki T.

Department of Experimental and Clinical Pharmacology,
Medical University of Lublin

Clonidine is a central acting antihypertensive agent.
Its mechanism of action is connected with activation of
presynaptic a2-adrenoreceptors and imidazoline receptors
in the central nervous system. Clonidine may have also
influence on glutamatergic neurotransmission, by atten-
uating effects caused by NMDA or AMPA receptors acti-
vation. Kynurenic acid (KYNA) is the only known endoge-
nous antagonist of excitatory amino acid receptors and of
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a7 nicotinic receptors. Cerebral synthesis of KYNA from its
bioprecursor L-kynurenine is catalyzed by aminotransfer-
ases localized preferentially within astrocytes. In the brain,
two distinct kynurenine aminotransferases, KAT | and KAT
I, are responsible for the formation of KYNA. KYNA was
shown to display potent neuroprotective properties and
its impaired production was implicated in the neurode-
generative diseases. Additionally, it was recently reported
that KYNA could play a role in regulation of blood pressure.
A significant reduction of blood pressure in animal model
of hypertension has been achieved by local intracerebral
administration of KYNA.

The aim of this study was to evaluate the effect of
clonidine on the formation of KYNA in brain cortex in rat.

Experiments were carried out on brain cortex obtained
from male Wistar rats. The effect of clonidine on kynurenic
acid concentration was evaluated on cortical slices after
2 hours of incubation in different concentrations of tested
drug. To determine kynurenine aminotransferases (KATs)
I and Il activities cortical tissue was homogenized and
dialyzed for 12 hours. Homogenates were incubated for
2 hours with tested compound. Supernatant was applied
on the cation-exchange resin (Dowex 50 W+). Eluted
kynurenic acid was subjected to the HPLC and quantified
fluorimetrically. The experiments were conducted at least
three times to achieve comparable results. Experimen-
tal procedures have been approved by the Local Ethical
Committee in Lublin and are in agreement with European
Communities Council Directive on the use of animals in
experimental studies.

Clonidine at the concentration of 1, 3 and 5 mM
decreased KYNA production in the brain cortical slices to
80% (p < 0.05), 70% (p < 0.001) and 40% (p < 0.001) of
control, respectively. whereas at the concentration of 0.5,
0.1 and 0.01 mM was ineffective. Clonidine at the concen-
tration of 0.01-5 mM did not affect the activity of KAT’s.

The data presented here indicate that clonidine might
decrease cortical level of kynurenic acid and thus suggests
the novel mechanism of action of clonidine.

Supported by the grant for young scientists from Mini-
stry of Science and Higher Education, MNmb515/2013.
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Influence of losartan on kynurenic acid

production in the rat brain cortex
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A renin—angiotensin-aldosteron (RAA) system is an
important regulator of body homeostasis. It is thought to
regulate not only water — electrolyte metabolism, includ-
ing the regulation of thirst, blood pressure maintenance,
vasopressin release, but it is responsible for controlling
thermoregulation, learning, memory, emotions, reproduc-
tion and sexual behaviors as well. Among angiotensin
receptors, the most prominent role in pharmacotherapy
possesses receptor type 1 (AT-1), RAA was also implicat-
ed in the development of neurodegenerative disorders. It
was reported that activation of RAA in the brain may have
important role in animal seizure models. Recent studies
indicate that substances interfering with concentration
and pharmacodynamic properties of angiotensin are prov-
en to have neuroprotective effect, especially to ischemic
nervous tissue, improving patient’s prognosis after vascu-
lar brain damage.

Kynurenic acid (KYNA) is the only known endogenous
antagonist of excitatory amino acid receptors and of
a7 nicotinic receptors. Brain KYNA displays high affinity
towards the glycine site of N-methyl-D-aspartate (NMDA)
receptor complex. The cerebral synthesis of KYNA from
its bioprecursor L-kynurenine is catalyzed by two distinct
kynurenine aminotransferases (KAT | and KAT II). The dis-
turbances of KYNA production have been linked to the
occurrence of epilepsy, Huntington’s disease, Alzheimer’s
disease, schizophrenia, AIDS-related dementia and others.
The anticonvulsant and neuroprotective role of KYNA in
vivo and in vitro is well documented.

In this study we aimed to analyze whether losartan, an
AT, - receptor antagonist, might modify KYNA production
in brain cortex of a rat.

In cortical slices losartan at the concentration of 0.5, 1,
3 and 5 mM decreased KYNA synthesis to 61% (p < 0.05);
17% (p < 0.001) 6% (p < 0.001) and 5% (p < 0.001) of con-
trol value, respectively. The activity of KAT | was decreased
by losartan at the concentration of 0.01; 0.1; 0.5; 1 and
3 mM to 45% (p < 0.01); 13% (p < 0.001); 12% (p < 0.001);
6% (p < 0.001); 3% (p < 0.001) of control value, respec-
tively. The activity of KAT Il was diminished by losartan
at the concentration of 0,01; 0,1; 0,5; 1 and 3 mM to 74%
(p < 0.01); 9% (p < 0.001); 6% (p < 0.001); 2% (p < 0.001);
1% (p < 0.001) of control, respectively.
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Our data suggest that losartan might decrease kynu-
renic acid production in the rat brain cortex, most probably
via influence on KAT’s activity.

Supported by the grant from National Science Centre
(NCN) PRELUDIUM 4 No UMO-2012/07/N/NZ4/02088.
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The role of oxidative stress in cytotoxicity
evoked by tetrabromobisphenol a in primary
cultures of rat cerebellar granule cells

Zieminska E., Lenart J., Lazarewicz J.W.

Department of Neurochemistry, Mossakowski Medical Research
Centre, Polish Academy of Sciences, Warsaw, Poland

Tetrabromobisphenol A (TBBPA) and other brominated
flame retardants (BRF) are additives to industrial products
reducing their combustibility. It was found that TBBPA
leaks to environment and contaminates samples collected
from humans and wildlife. Recent papers showed cytotoxic
effects of BRFs, however relatively few studies addressed
the subject of TBBPA neurotoxicity and its mechanisms.
Although there are indications that TPPBA-induced exci-
totoxicity, influx of extracellular Ca* and particularly its
release from intracellular stores play a key role in the mech-
anism of TPPBA neurotoxicity, there is also data suggesting
a primary role of oxidative stress in this process. The aim
of this study was to evaluate the latter hypothesis. Exper-
iments were performed using the primary cultures of rat
cerebellar granule cells (CGC) at 7t day in vitro. To evaluate
TBBPA neurotoxicity, the cells were exposed for 30 min to
this BFR, and neuronal viability was assessed after 24 h,
using fluorescence microscope and propidium iodide stain-
ing. During or after 30 min incubation with TBBPA in Locke
medium, we estimated selected parameters of oxidative
stress including reactive oxygen species (ROS) production
and changes in mitochondrial membrane potential by
measuring DCF and rhodamine fluorescence, respective-
ly. Moreover, the intracellular glutathione (GSH) level was
assessed using fluorescence kit, SOD level with Western
blot and catalase activity using absorbance kit. Free radi-
cal scavengers GSH, vitamin C or N-acetyl cysteine (NAC),
NMDA receptor antagonist MK801 and ryanodine with bas-
tadin 10 inhibiting intracellular Ca?* release via ryanodine
receptors as well as a megachannel antagonist cyclospo-
rine A (CsA) were used as pharmacological tools to test
different mechanisms contributing to oxidative stress and
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cytotoxicity. Viability of cells 24 h after 30-min incubation
with 25 pM TBBPA decreased to 30% compared to control,
while application of all the substances tested, except CsA,
increased their survival to 60-80%. Incubation with 25 uM
TBBPA increased ROS production by about 50% and signifi-
cantly decreased the mitochondrial potential. Application
of 1 mM GSH completely prevented the former effect but
did not affect depolarization of mitochondria. Administra-
tion of 7.5 to 25 uM TBBPA dose dependently decreased
intracellular GSH level to 40%, and catalase activity to 60%
of the control. Application of ROS scavengers, bastadin with
ryanodine and MK801 partially prevented these effects. In
turn SOD-1 level increased in dose depend manner but
SOD-2 declined after TBBPA administration compare to the
control. Results of the presented experiments indicate that
oxidative stress reflected by changes in ROS production,
GSH/SOD level and catalase activity, plays a significant
role in TBBPA cytotoxicity in CGC in concert with excito-
toxicity and calcium imbalance, but not with activation of
megachannels.

Supported by the NCN grant 2012/05/B/NZ7/03225.
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Bastadin 12 is a new tool useful

in the study of mechanisms of intracellular
calcium release evoked by thapsigargin
and Tetrabromobisphenol A
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Thapsigargin (Th) is the established Ca?* releaser from
intracellular ER stores. Studies of others using mainly skel-
etal SR membranes demonstrated that Th-induced Ca?*
efflux from SR can be inhibited by simultaneous adminis-
tration of ryanodine (Ry) and the macrocyclic brominated
thyrosine derivative bastadin 5 (Ba5) at micromolar con-
centrations but not by these compounds applied separate-
ly. These results have been interpreted as unmasking by Th
of Ry-insensitive leak conformation of ryanodine receptors
(RyR) which are converted by Ba5 into Ry-sensitive confor-
mation. We previously confirmed these properties of Ba5
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using the rat cerebellar granule cell (CGC) in primary cul-
tures. The effects of other bastadin derivative Bal2 on Ca*
homeostasis were never systematically studied. Tetrabro-
mobisphenol A (TBBPA) is a commonly used brominated
flame retardant with the recognized neuro- and cytoto-
xic properties. It has been suggested that release of Ca%
from the intracellular stores mediates TBBPA cytotoxicity.
In the present experiments, using CGC and the fluorescent
intracellular Ca?* probe fluo-3, we evaluated usefulness of
the synthetic Bal2 as a tool that could replace Ba5 in the
comparative study characterizing intracellular Ca®* release
evoked by thapsigargin and TBBPA. The results demon-
strated that 200 nM Th as well as 30 pM Bal2 applied
alone induces increase in the intracellular Ca2* levelin CGC,
while 2.5 and 10 pM Bal2 did not interfere with basal Ca?*
concentration. Both 2.5 yuM Bal2 or 200 uM Ry adminis-
tered separately only partially reduced the release of Ca?*
induced by Th, whereas these compounds in combination
completely inhibited this effect. Ca?* transients in CGC
evoked by the muscarinic receptor agonist, 100 uM oxo-
tremorine-M, were significantly inhibited by antagonist of
IP3 receptors 100 pM 2-APB, but not by Bal2 and Ry giv-
en either separately or together. TBBPA (5, 10 and 25 uM)
concentration-dependently increased intracellular Ca?*
level in CGC. Administration of Bal2 in combination with
Ry completely blocked the increase in intracellular Ca%
concentration evoked by 10 pM TBBPA, while these com-
pounds applied separately were ineffective. In conclusion,
these results show that Bal2 can replace Ba5 in testing
sensitivity to Ry of Ca?* release from the intracellular stores
of cultured neurons and in identifying leak conformation
of RyR. They are also consistent with the hypothesis that
TBBPA and Th induce release of intracellular Ca?* through
a common mechanism involving leak conformation of RyR.

Supported by the Polish National Science Centre grant
# 2012/05/B/NZ7/03225.
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The neuroprotective effect of histone
deacetylase inhibitor — sodium butyrate after
experimental neonatal hypoxia-ischemia

Ziemka-Nalecz M., Jaworska J., Sypecka J., Zalewska T.

NeuroRepair Department, Mossakowski Medical Research
Centre, Polish Academy of Sciences, Warsaw, Poland

(HI) brain injury neuronal cells are damaged and lose their
functions or die. In the past few years, it has become clear
that brain ischemia stimulates neural stem cell proliferation
and differentiation in the cerebral neurogenic area — the
dentate gyrus (DG) of the hippocampus, which is frequently
injured after the perinatal HI. Induction of neural progeni-
tors after HI insult may represent an endogenous mecha-
nism for brain regeneration. Mounting evidence indicates
that histone deacetylase inhibitors (HDACI) exert stimula-
tion of endogenous neurogenesis in adult brain. Our aim in
this study was to examine the influence of HDACi — Sodium
Butyrate (SB) on the generation of neurons and oligodendro-
cytes in immature brain subjected to hypoxia-ischemia. Fur-
thermore, we tried to elucidate the mechanisms of action of
Sodium Butyrate. We utilized an established model of hypo-
xia-ischemia induced in rats of postnatal day 7 (PND7). After
ligation of the left common carotid artery the animals were
exposed to hypoxia (7.6% oxygen for 60 min). Sham-operat-
ed rats were used as controls. SB (300 mg/kg) was injected
subcutaneously for 5 consecutive days starting immediately
after HI. To estimate the proliferation profile and phenotype
of newborn cells, animals were injected with BrdU (50 mg/
kg). 3-14 days after HI the presence of BrdU-positive cells
was seen in both hemispheres (ipsi- and contra-lateral) with
the strongest proliferation level occurring 3-6 days after the
injury. To confirm that BrdU-positive cells represent newly
generated neuroblasts and oligodendrocyte progenitors, we
used double staining BrdU/DCX and NG2/BrdU, respectively.
We found that administration of SB stimulates the genera-
tion of neuroblasts and progenitors of oligodendrocytes, and
leads to reduced volume of brain lesion caused by HI insult.
We also evaluated if neuroprotective effect was associated
with increasing acetylation of histon H3 and with changes
in the expression of some proteins which control apoptosis.

Supported by NSC grant 2012/05/B/NZ3/00436.
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Lesions of noradrenergic neurons with DSP-4
inhibit cell proliferation in the dentate gyrus
of the hippocampus but do not damage

the progenitor cells in adult mice

Zietek M., Swiergiel A.H.

Department of Animal and Human Physiology, University
of Gdansk, Gdansk, Poland

Birth asphyxia remains a frequent cause of perinatal
morbidity and mortality. During perinatal hypoxic-ischemic
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DSP-4 is a highly selective neurotoxin of central and
peripheral noradrenergic neurons. DSP-4 strongly inter-
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acts with the noradrenaline uptake mechanism at the
level of the neuronal membrane and permanent degen-
eration of noradrenergic terminals, though the precise
mechanism of its action has not yet been fully elucidated.
Several investigators reported that the neurotoxic effects
of DSP-4 are more extensive in the region innervated by
axons of the locus coeruleus (LC). Moreover, noradrenergic
cells from the LC degenerate in Parkinson’s disease. We
assessed the number of proliferating cells in the dentate
gyrus of the hippocampus of adult mice after damage to
the projection from the LC as a result of a single adminis-
tration of DSP-4.

Male Swiss mice (6-7 weeks) were divided into two
groups that were examined 4 and 16 days after the admin-
istration of DSP-4. In the first group, the brains were dis-
sected four days after a single injection of DSP-4 (50 mg/
kg, 0.1 ml, i.p., n=4) or saline (0.1 ml, n = 8) and investigat-
ed by immunohistochemistry. Cell proliferation was deter-
mined, using 5-bromo-2’-deoxyuridine, which is combined
with the newly synthesized DNA. The brains of the second
group of animals, sixteen days after the administration
of DSP-4 (50 mg/kg, 0.1 ml, ip., n = 4) or saline (0.1 ml,
n = 8), were also analyzed immunohistochemically. The im-
munohistochemical studies in group | showed significant
differences between the experimental and the control ani-
mals. Four days after administration of DSP-4 we observed
decreased number of proliferating cells in the experimental
groups in all examined section as compared to the control
groups. In group I, 16 days after administration of DSP-4
an increased number of proliferating cells was found in all
experimental groups compared to controls. Unfortunate-
ly, no statistically significant differences were confirmed.
The results suggest that the lesion of noradrenergic neu-
rons caused by DSP-4 does not damage the progenitor
cells which produce granule neurons in the hippocampus.
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Neuronal and glial progenitors obtained

from human iPS cells on 3D modified

collagen scaffolds — the tool for the
neurodevelopmental and neurotoxicity studies
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Since the induced pluripotent stem cells (iPSC) can
be obtained from the adults, the regenerative medicine
can be supported by new tools comprising autologous
iPS-derived cells. The neurodegenerative diseases are in
the scope of current research based on the iPS cells tech-
nology, while biomaterials combined with the iPS derived
cells can have a great potential to fulfill the demands of
neuroregeneration of CNS.

Here we describe the possibility of neural commitment
and differentiation of iPS as well as HUCB-NSC cells seeded
onto the chemically modified collagen scaffolds in order to
establish and standardize the in vitro “biomimetic” culture
system.

Shape-sponge scaffolds were prepared from the por-
cine collagen dispersion using a lyophilization technique.
This process produces a highly three-dimensional (3D)
porous scaffold. Due to relatively weak mechanical and
thermal properties the collagen sponges were cross-linked
using carbodiimide. This way is preferable for modification
due to that “zero length” cross-linking chemical catalyst
non-incorporation within structure of matrix, and scaf-
folds exhibit no cytotoxicity.

The iPS cells obtained by non integrative, virus free
methods were expanded in the feeder free culture and
differentiated toward neural linage. The obtained neural
stem cells, as well as more differentiated neuronal/glial
cell population, were seeded on the collagen modified
scaffolds. The RT PCR data have revealed gradual disap-
pearance of pluripotency markers (Oct4, Sox2, Nanog)
during the differentiation process and acquiring the neural
markers, such as Nestin, Pax6, GFAR Map-2, Neurogenin.

The undifferentiated, pluripotent stem cells seeded on
the chemically modified, collagen scaffolds revealed lim-
ited viability and did not differentiate spontaneously. In
contrast iPSC derived neural stem cells and more differen-
tiated neural progenitors survived, adhered in a well-de-
fined flattened manner, and after a few days co-culture on
the scaffolds expressed neuronal (Nestin, Beta-Tubulin Il1,
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MAP-2, Doublecortin) and glial (A2B5, NG2, PDGFRa, GFAP)
markers.

Moreover, the modified collagen scaffold can serve as
a stem cell niche surrogate and can be used for toxicolo-
gy studies. The HUCB-NSC cells seeded on these scaffolds
were more resistant to the methylmercure treatment com-
pare to the two dimensional culture conditions.

Our results indicate that collagen-based 3D microenvi-
ronment preferentially support neurally committed cells as
compared to induced pluripotent stem cell, and may serve
as an in vitro platform for further medical, pharmacologi-
cal and toxicological applications.

The work is supported by statutory funds to MMRC
and National Science Centre via Grant No DEC-2011/03/B/
ST8/05867 and EIT+ BioMed 5.4 Project.
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The role of CXCL1 and CXCL5 in in nociceptive
transmission in a mouse model of diabetic
neuropathy

Zychowska M., Rojewska E., Pilat D., Mika J.
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Polish Academy of Sciences, Cracow, Poland

Diabetic neuropathy is the most common complica-
tion of diabetes mellitus, however its mechanism is still
poorly understood. It seems that the chemokines may
play a key role. It was shown that increased serum levels
of CXCL1 and CXCL5 are linked to obesity, hyperglycemia,
and impaired islets of Langerhans function. The goal of
our study was to examine how the level of two chemo-
kines CXCL1 and CXCL5 varies in the course of diabetic
neuropathy and how their administration influences noci-
ceptive transmission. All experiments were performed on
Albino Swiss mice. Diabetes type 1 model was obtained
by single intraperitoneal injection of streptozotocin (STZ;
200 mg/kg; ip.). To verify the development of hypergly-
cemia, the blood glucose concentration and body weight
were measured. In order to evaluate allodynia and hyperal-
gesia, von Frey test and cold plate tests, respectively, were
used. The changes in mRNA amount and protein level of
CXCL1 and CXCL5 in lumbar spinal cord were estimated
by gRT-PCR and Antibody Array technic, respectively. The
influence of single intrathecal (i.t.) administration of CXCL1
and CXCL5 on nociceptive threshold were measured using
the tail flick, von Frey and cold plate tests, after 1, 4 and
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24 hours. Both chemokines were administrated in doses
10 ng, 100 ng and 500 ng/5 ml. The experiments were
carried out according to the Institute’s Animal Research
Bioethics Committee and in accordance with IASP rules
(Zimmermann, 1983). We observed that the STZ injec-
tion in mice increased plasma glucose and decreased
body weight, along with inducing significant allodynia
and hyperalgesia measured seven days after administra-
tion. No changes of CXCL1 and CXCL5 mRNA level were
observed, in contrast upregulation of both at protein lev-
el was detected at day seven after STZ-treatment. The i.t.
administration of CXCL1 and CXCL5 shown their pronoci-
ceptive properties. Furthermore, both contributed to the
development of allodynia and hyperalgesia, however after
24 h only mechanical allodynia was still observed. Sum-
ming up, these findings indicate that CXCL1 and CXCL5
play an important role in the diabetic neuropathic pain
development, which requires further research.

Supported by the NCN-grants 2012/05/N/NZ4/02416,
2011/03/B/NZ4/00042 and statutory funds. Magdalena
Zychowska, a Ph.D. student, is a scholarship holder from
the KNOW sponsored by Ministry of Science and Higher
Education, Republic of Poland.

|B45]

LPS injections in young rats affect reactive
gliosis following seizures evoked in adulthood

Kosonowska E., Kielbinski M., Gzielo-Jurek K., Janeczko K.,
Setkowicz Z.

Department of Neuroanatomy, Institute of Zoology, Jagiellonian
University, Cracow, Poland

Aims: An increased activity of the immune system
during an ongoing inflammatory process has adverse
effects on the nervous system — it disturbs homeostasis of
neural tissue and hence causes activation of two types of
glial cells (reactive gliosis): astrocytes and microglial cells.
Considering recent scientific reports, prior inflammation
may change susceptibility to epileptic seizures. Howev-
er, there is still not enough studies which indicate which
cells and processes it can activate. Lipopolysaccharide
(LPS) injection results in a massive antimicrobial defense
reaction with an acute excessive activation of microglia.
Some studies suggested that activated microglia may
play a neuroprotective role by facilitating reparatory and
regenerative processes. However microglia may also ini-
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tiate and exacerbate neuropathological changes through
secreting proinflammatory and cytotoxic molecules. Astro-
cytes may contribute to brain damage in a similar way but
they also produce neuroprotective molecules and exert its
neuroprotective actions on the neighbouring neurons. This
issues could be important in case of studying the effects of
systemic inflammation on seizure susceptibility. The aim
of this study was to examine the long term effect of sys-
temic inflammation induced on different postnatal devel-
opmental stages on activation of glial cells (astrocytes and
microglial cells) in different experimental groups (with or
without induction of status epilepticus).

Methods: LPS solution was injected intraperitoneally
(2 mg/kg b.w.) to Wistar rats on postnatal day 6 or 30.
When became two-month-old, the rats which survived
inflammation were injected with pilocarpine to evoke
status epilepticus and sacrificed 3 days thereafter. Brain
sections were then processed for GFAP and Iba-1 immu-
nohistochemistry to evaluate the area of reactive gliosis
in the hippocampus using Image) software (Area Fraction
measurement).

Results & Conclusions: Unexpectedly, the obtained
results showed that status epilepticus induced in the adult
rats evoked statistically significant reductions of Iba-1-
and GFAP-immunopositive areas within the hippocampal
formation. However, peritoneal LPS injections performed
on the postnatal day 6 could prevent such seizure-induced
decreases both in Iba-1 and GPAP tissue immunoreactivity.
Following LPS injections on the postnatal day 30 signif-
icant decreases were limited to GFAP immunoreactivity
only. The detected changes appear to reflect modification
in reactive morphological transformation of their cellular
substrates, i.e. astroglia and microglia involved in forma-
tion of seizure-genic gliosis in the hippocampal formation.
Therefore, further detailed investigations are needed to
elucidate relations between the reactive phenomena and
effects of LPS proinflammatory stimulation at early stages
of postnatal development on glial responses to seizures
evoked in adulthood.
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The high cervical spinal cord injury and
unilateral phrenic nerve ligation strongly
reduce sGC/cGMP signaling in lower
respiratory pathway followed by the failure
of EMG activity in diaphragm

Lukacova N.1, Hricova L.}, Gedrova S.!, Galik J.1, Pavel ).},
Sulla L.}, Stropkovska A.l, Zavodska M.}, Oroszova 2.},
Chalimoniuk M.?, Langfort ).?

linstitute of Neurobiology, Slovak Academy of Sciences, Kosice,
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2Mossakowski Medical Research Centre, Polish Academy

of Sciences, Warsaw, Poland

The high cervical spinal cord injury leads very often
to the interruption of descending bulbospinal respiratory
pathway, one of the vital pathways in CNS, which begins
in brainstem, innervates phrenic motor neurons located
at the C3-C6 cervical level and controls the diaphragm.
Such injury leads to breathing rhythm abnormalities and
life-threatening weakness of respiratory function. We pre-
viously demonstrated NO/soluble guanylyl cyclase (sGC)
signalization in upper bulbospinal respiratory pathway.
This study is focused on sGC/cGMP signalization in low-
er respiratory pathway after i) unilateral SCI performed at
C2-C3 level, and ii) unilateral phrenic nerve ligation. The
phrenic motoneurons within the phrenic nucleus in cervi-
cal spinal cord have been identified with retrograde tracer
Fluorogold (FG). Two days after FG injection into hemidia-
phragm, the ipsilateral phrenic motoneuronal pool was
labeled within C3-C5 segments, with the greatest density
found at C4 level. The increased intensity of sGCB1staining
was detected 8 days after phrenic nerve ligation in phrenic
motoneurons (C3-C5 segments) on the side of the injury.
In addition, the phrenic nerve ligation strongly reduced the
level of sGCP1 in efferent respiratory pathway (diaphrag-
matic nerve) just below the nerve ligation, what correlates
with the alterations of cGMP level in diaphragm. Although
we found strong reduction of the cGMP level in both the
contra- and ipsilateral hemidiaphragm, the decrease was
much stronger on the side of the ligation. The unilater-
al interruption of the high cervical spinal cord had less
impact on the cGMP synthesis in the diaphragm (most-
ly on contralateral side). It seems that the phrenic nerve
activity was after cervical hemisection limited, but not
so dramatically than after the phrenic nerve ligation. We
assume that pre-phrenic interneurons located between
the brainstem and the spinal cord may amplify the phren-
ic output after high cervical hemisection on contralateral
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side. Moreover, the results clearly show remarkable unilat-
eral silencing of the EMG activity after the phrenic nerve
ligation and/or C2-C3 hemisection.
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