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GENETIC INACTIVATION OF POLY (ADP-RIBOSE)
POLYMERASE AND ENDOTHELIAL NITRIC OXIDE

SYNTHASE PREVENTS ENERGY FAILURE AND OXIDATIVE
DAMAGE IN THE MOUSE BRAIN DURING SEPTIC SHOCK

Grzegorz A. Czapski#, Magdalena C¹ka³a, Joanna B. Strosznajder
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It was suggested that inducible nitric oxide syn-
thase (iNOS) plays the key role in septic shock.
However, little is known about the constitutive iso-
form(s) of NOS (cNOS) that may be also involved
in excessive NO release, leading to lipid and pro-
tein oxidation, DNA damage, overactivation of
poly(ADP-ribose) polymerase-1 (PARP-1), drama-
tic energy failure and cell death. The aim of our
study was to analyze the role of cNOS and PARP-1
in the brain during endotoxic shock. Wild type and
eNOS and PARP-1 knock-out C57BL/6 and 129/sv
mice were injected ip with lipopolysaccharide
(LPS; 1–10 mg/kg) alone or together with NOS and
PARP-1 inhibitors. Concentrations of carbonyl
groups, thiobarbituric acid reactive substances and
NAD were determined during 48 h after LPS injec-
tion, and correlated with the level of poly(ADP-
ribose) and apoptosis inducing factor released from
mitochondria.

Our data showed that systemic injection of LPS
significantly decreased NAD concentration and en-
hanced oxidative damage to macromolecules in the
brain. Increased concentration of PAR and AIF
translocation from mitochondria into nucleus were
observed. These alterations depend on the dose of
LPS, time of inflammation and on the integrity of
blood-brain barrier. Genetic inactivation of PARP-1
and eNOS protects mouse brain against LPS toxic-
ity, suggesting that PARP-1 overactivation is an im-
portant target in the cascade induced by LPS which
indicates that eNOS is a significant source of NO in
the brain during sepsis. Pharmacological interven-
tion confirmed that depending on the intensity of
inflammation, inhibition of cNOS or PARP-1 might
have a significant neuroprotective effect.

Key words: brain, lipopolysaccharide, inflammation,
oxidative stress, nitric oxide synthase, poly(ADP-ribose)
polymerase
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DISTURBANCES OF CEREBROVASCULAR REACTIVITY
IN BRAIN DISEASES

Zbigniew Czernicki

Department of Neurosurgery, Medical Research Center, Polish Academy of Sciences, Ceg³owska 80, PL 01-809 Warszawa, Poland;
e-mail: zczernicki@cmdik.pan.pl

Disturbances of cerebral circulation often result
in brain diseases. Critical cerebrovascular defi-
ciency may lead to ischemic stroke whereas mild
underperfusion may result in transient neurological
deficit. Clinicaly used indication of cerebrovascu-
lar insufficiency is a decrease of vascular reserve.
Evaluation of this parameter is fundamental for the
clinical necessity to increase brain blood supply by
e.g. carotid endarterectomy.

Apart from the adequate total blood supply to
the brain, regional cerebral blood flow should meet
current local metabolic demand which requires
proper cerebrovascular reactivity. Cerebrovascular
reactivity may be disturbed due to pathological
processes that selectively affect blood vessels wall
like e.g. angiopathy resulting from SAH-related ce-

rebral vasospasm. Disturbances in cerebral reacti-
vity of local or global character may also result
from cranio-cerebral trauma.

Evaluation of cerebrovascular reserve and vas-
cular reactivity disturbances is performed by deter-
mining responses of cerebral blood flow to altera-
tion of carbon dioxide partial pressure in arterial
blood (pCO2) or changes of arterial blood pressure.
There are simple methods for cerebrovascular
evaluation performed on ambulatory basis and
more advanced ones based for example on positron
emission tomography.

Key words: vascular reactivity, vascular resereve,
autoregulation, CO2 reactivity, clinical cerebrovascular
disturbances

NEUROPROTECTIVE AND NEUROTROPHIC POTENTIAL
OF PACAP, VIP AND PHI
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Pituitary adenylate cyclase activating polypep-
tide (PACAP), vasoactive intestinal polypeptide
(VIP) and peptide histidine-isoleucine (PHI) be-
long to the same family of peptides showing rich
profile of biological activities, including the role as
neurotransmitter in the central and peripheral nerv-
ous system. A special attention has recently been
paid to their neuroprotective effects, exerted both

in vitro and in vivo, against diverse neurotoxic
agents and subsequent nerve injury, cerebral ische-
mia or neural apoptosis. The newest data have also
contributed to the definition of VIP and PACAP as
“microglia-deactivating factors” since they have
a clear neuroprotective effect during inflammatory
processes induced by activated microglia in differ-
ent pathological conditions of the CNS. The me-
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chanism through which PACAP exerts its neuro-
protective effects appears to involve activation of
cAMP-dependent PKA, PKC, certain MAP ki-
nases, and inhibition of caspase-3. PACAP can
also, yet indirectly, stimulate astrocytes to release
neuroprotective factors, such as certain chemokines
and cytokines. Although VIP displays a very strong
neuroprotective activity, it requires VIP-sensitive
astrocytes secreting neuroprotective proteins in-
cluding activity-dependent neurotrophic factors
(ADNF-9 and ADNF-14) and activity-dependent
neuroprotective protein (ADNP) as well as a num-
ber of cytokines. In addition to their neuroprotec-
tive potential, PACAP, VIP and also PHI are en-
dowed with neurotrophic potential, which renders
these peptides important endogenous regulators.

Taken together, studies carried out on the CNS
have shown that both PACAP and VIP, and possi-
bly PHI, seem to be promising therapeutic agents in
many neurodegenerative diseases, such as multiple
sclerosis, Alzheimer’s disesase or Parkinson’s dis-
ease, and neurological damages induced by cere-
bral ischemia or nerve transection.

Acknowledgment. This study was supported by funds
from Medical University and Department of Biogenic Ami-
nes, Polish Academy of Sciences, £ódŸ, Poland.

Key words: pituitary adenylate cyclase activating
polypeptide (PACAP), vasoactive intestinal polypeptide
(VIP), peptide histidine-isoleucine (PHI), neurotrophic po-
tential, neuroprotective potential

P53, PARP, BAX AND BCL-2 PROTEINS IN AGING PROCESS
OF THE RAT BRAIN
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The level of free radicals increases in aging pro-
cess. Free radicals damage DNA. One of the first
reactions of a cell to oxidative DNA damage in-
volves activation of poly-ADP-ribose polymerase
(PARP) and p53 protein. P53 protein influences the
content of Bax and Bcl-2 proteins.

P53, PARP, Bax and Bcl-2 proteins, and 85 kDa
protein fragment were measured in 4 structures of
the brain: cerebral gray matter (GM), cerebral white
matter (WM), cerebellum (C), and medulla oblon-
gata (M) of controls (3.0–3.5-month-old) and 12-
month-old, and 24-month-old rats using Western blot.

Levels of p53 protein in GM and Bcl-2 protein
in GM, WM and in C increased with age of the ex-
perimental rats. In the remaining analyzed struc-

tures of the brain, p53 protein showed rising levels
between 12th and 24th month of life. Content of
Bax protein in GM, WM, increased (p < 0.05) only
between the 12th and 24th month of life, similarly
to the content in MO while the content in C de-
creased with age of examined rats. PARP protein in
GM, WM and in C manifested higher levels in 12-
month-old than in 24-month-old rats. The level of
85 kDa fragment increased in all analyzed struc-
tures of 24-month-old rats and in GM (p < 0.05),
WM and MO (p < 0.05) of 12-month-old animals.

The level of the tested proteins changes with
age.

Key words: p53, PARP, Bax, Bcl-2, aging, brain, rats
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CHARACTERIZATION OF THE PREMATURE ENDOTHELIAL
CELLS BY MORPHOLOGICAL, IMMUNOCYTOCHEMICAL

AND IMMUNOCHEMICAL STUDIES
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Vasculogenesis and angiogenesis are two differ-
ent processes defining the formation of new blood
vessels. Whereas vasculogenesis is restricted to
embryonic development, angiogenesis continues to
operate throughout life when new vascularization
is required. The notion that vasculogenesis is ob-
served only during embryogenesis has been chan-
ged since ample evidence has shown that bone-
marrow derived endothelial cells exist at the site of
new blood vessels, indicating the participation of
vasculogenesis in the postnatal neovascularization.
Thus, endothelial cells can differentiate from an-
gioblasts in the embryo and from endothelial pro-
genitor cells, mesangioblasts, and multipotent adult
progenitor cells in adults. This in turn suggests that,
as during development, new vessel formation in the
adults may depend at least in part on a process of
vasculogenesis. Both endothelial precursor cells and
mature endothelial cells may express similar endo-
thelial-specific markers, including vascular endo-
thelial growth factors receptor-2 (VEGFR-2/Flk-1).
Most studies on endothelial progenitor differentia-
tion concentrated on the expression of endothelial
markers.

In our investigation, the ultrastructural features
and change in Flk-1 and VEGF expression in the
course of differentiation of premature endothelial
cells participating in new vessel formation was
evaluated. We investigated neovascularization in
the cerebral cortex of the adult rat after surgical

brain injury by ultrastructural, immunocytochemi-
cal and immunochemical means. Previously, we
described endothelial-like cell that participates in
new vessel formation on plasma proteins that
served as a provisional matrix in the region imme-
diately adjacent to the traumatic injury. In the pres-
ent study, we describe new vessel formation in the
multistep process with the alterations in endothe-
lial-like cell immunophenotype. We show that
endothelial-like cell could not successfully termi-
nate its development without the presence of peri-
cyte and astrocyte. Newly formed blood vessels
were accompanied by fibroblast and lipofibroblast
cells differentiated probably from common pro-
genitor. Our result suggests that endothelial-like
cell is committed endothelial cell between progeni-
tor endothelial cell and terminally differentiated en-
dothelium stage. Therefore, we propose that trauma
mobilizes the group of the most differentiated pro-
genitors from among endothelial stem cells present
in blood at different stages of morphogenetic dif-
ferentiation and specifically arrested in “check
points” of development. These may contribute to
new vessel formation. Our model should be useful
for the characterization of endothelial commitment
and endothelial cell differentiation after brain in-
jury.

Key words: brain capillaries, endothelial progenitors,
angiogenesis, immunoelectron microscope techniques
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TNF-� G-308A GENE POLYMORPHISM AND THE CLINICAL
COURSE OF ISCHEMIC STROKE
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Background. TNF is a proinflammatory cyto-
kine that has been implicated in the course of
ischemic stroke (IS). It has been demonstrated that
G-308A substitution in the promoter region of the
TNF gene may be associated with “high TNF secre-
tor” phenotype.

Methods. To examine, whether the TNF G-308A
polymorphism is associated with the clinical course
of IS, we typed TNF genotypes (PCR-RFLP me-
thod) in 301 patients with IS.

Results. Distribution of genotypes in patient
population was: G/G (70.99%), G/A (27.10%),
A/A (1.9%). Allele frequencies: allele G: 63.5%;
allele A: 36.5%.

As compared with G/G genotype carriage, the
carriage of genotype G/A was associated with sig-

nificantly better neurological and functional out-
come measured using the Scandinavian Stroke
Scale, Barthel Stroke Scale and Rankin Scale at en-
try and at discharge in patients with cardioembolic
stroke, large artery disease and stroke of unknown
etiology. In lacunar infarction the carrying of geno-
type G/A was associated with significantly worse
neurological and functional outcome.

Conclusions. Results of our study suggest that
genetic variation at the TNF locus in Polish stroke
patient population is a genetic factor that influences
the clinical course of the disease which suggests
deleterious rather than protective role of TNF in
acute and recovery phase of IS.

Key words: ischemic stroke, proinflammatory cytokine,
polymorphism

EXPRESSION AND ACTIVITY OF NITRIC OXIDE SYNTHASE
ISOFORMS IN BRAIN AGING
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Nitric oxide (NO) is synthesized by three iso-
forms of NO synthase (NOS). NO interacts with
superoxide (•O2

–) and activates free radical cascade
that plays important roles in mechanism of aging
and neurodegeneration. Free radical-evoked DNA
damage stimulates poly(ADP-ribose) polymerase-1
(PARP-1) which regulates gene repair and tran-
scription but overactivated can cause cell death.

We measured expression and activity of NOS
and PARP in aging rat brain using RT-PCR radio-
and immunochemistry methods. Our results indi-

cated that aging differently affected NOS isoforms.
Expression of mRNA coding for nNOS was lower
in the hippocampus, cerebral cortex and cerebel-
lum. However, eNOS mRNA increased in the brain
cortex and cerebellum of old rats but was not
changed in the hippocampus and striatum. iNOS
mRNA was undetectable in all parts. Addition of
NNLA or withdrawal of Ca2+ abolished NO syn-
thesis indicating absence of iNOS.

NOS activity increased in the brain cortex and
cerebellum but not in the hippocampus. Thus,
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changes in activity followed the profile of expres-
sion of eNOS rather than nNOS. It is possible that
the participation of eNOS in total activity increases
during brain aging.

The correlation between higher NOS and PARP
activity was observed in the cerebellum. In the hip-
pocampus, there was significantly lower nNOS gene
expression and PARP activity compared to adults.

The mechanism regulating NOS gene expression is
uncertain till now. It is suggested that age-related
alteration of PARP protein level and activity ob-
served by us previously, may be involved in regula-
tion of expression of NOS genes.

Key words: aging, brain, nitric oxide, poly(ADP-ri-
bose), gene expression, enzyme activity

ANGIOGENESIS AFTER SUBARACHNOID HEMORRHAGE
(SAH) – A FRIEND OR A FOE?
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One of the complications of subarachnoid hem-
orrhage (SAH) is vasospasm which leads to patho-
logical changes in vessels and nervous tissue as
a result of endothelial cell and neuron ischemia.
There is a close correlation between endothelial hy-
poxia after SAH in cerebral microvessels and en-
hanced angiogenesis. There is also an increase in
vascular endothelial growth factor (VEGF) expres-
sion in cerebral vessels and neurons within the
cerebral hemispheres, brainstem, and cerebellum.
Angiogenesis probably occurs to improve nerve
cell vascularization, however, the newly-formed
vessels have pathologic structure.

Hypoxia activates VEGF expression, which in-
creases endothelial permeability. Hypoxia-induced

VEGF overexpression is connected with transcrip-
tional activation by hypoxia-inducible factor 1
(HIF-1) and posttranscriptional stabilization of
mRNA by proteins such as HuR. Also a number of
VEGF receptors increases in response to hypoxia.
VEGF-induced increase in permeability is greater
in hypoxia than in normoxia. This is due not only to
the increased VEGF expression and the number of
VEGF receptors but also to the effect of NO on
cGMP. Thus, the increased permeability leads to
cerebral edema.

Key words: subarachnoid hemorrhage, angiogenesis,
vascular endothelial growth factor, vascular permeability,
brain edema

PRECONDITIONING OF HUMAN NEURAL STEM CELLS IN LOW-SERUM
MEDIUM INCREASES THEIR DIFFERENTIATION INTO NEURONS

Marcin Jurga#, Inga Markiewicz, Anna Sarnowska, Leonora Bu¿añska,
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Department of Molecular Neuropathology, Medical Research Center, Polish Academy of Sciences, Pawiñskiego 5,
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It has been shown recently that stem cells (SC)
isolated from embryonic and adult tissues could

produce neural progenitors in vitro. These cells are
able to differentiate into specific neuronal sub-
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types. However, up to now their fate (survival, dif-
ferentiation and integration) in the recipient tissue
is poorly controlled and unsatisfactory. Recently
we have developed the cell line derived from hu-
man umbilical cord blood (HUCB-NSC) which can
be propagated in culture for more than 30 passages.
This line retains characteristic of freshly isolated
NSC with their potency to differentiate into three
main neural phenotypes in vitro [1]. The aim of this
work was to establish the optimal culture condi-
tions for HUBC-NSC which would increase their
neurogenic potential when challenged with brain-
specific environmental signals.

Materials and Methods. Human neural pro-
genitor cells isolated from umbilical cord blood
(HUCB-NSC) were cultured in DMEM/F12 me-
dium supplemented with LIF and B-27 (I) or
DMEM/F12 with 2% FBS, ITS and B-27 (II). Then
the cells were transfected with GFP marker gene.
The percentage of the cells acquiring neuronal phe-
notype after 7 or 14 days was evaluated in 3 differ-
ent experimental settings:
— under the presence of known neuromorphogen,

retinoic acid (RA),
— upon influence of complex signals derived from

co-cultured primary rat hippocampal astrocytes,

— after seeding the HUCB-NSC on the surface of
rat hippocampal slices growing in organotypic
culture.
Results and Conclusions. HUCB-NSC cul-

tured in the low-serum, mitogen-free (II) medium
revealed higher capability to differentiate into neu-
rons in all tested experimental settings than their
contrpartners (I). Moreover, a majority of cells dif-
ferentiated in hippocampal oragonotypic culture
displayed unipolar, pyramidal [MAP-2 (+), GluR1(+)]
neuron-like phenotype. It seems that medium (II)
initiates neuronal differentiation in HUCB-NSC
which could be beneficial upon their transplanta-
tion into CNS.

Acknowledgment. This study was supported by statu-
tory funds: theme 6.
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Our previous study disclosed the reduction of
dopamine D2 receptor binding sites in the brain
during recovery from cardiac arrest (CA) in rats [1].
This study was designed to determine alteration of
endothelin-1 (ET-1) and leptin regional receptor
binding in the brain in the same experimental
model and effect of ET receptor antagonist bosentan.

The studies were performed on 60 rats divided
into treated (30) and untreated (30) animals in 6 ex-
perimental groups: control, 3 min, 10 min, 1 h, 24 h
and 1 week after CA. Bosentan was given daily 2 h
before CA or decapitation for 7 days, by gavage at
the dose of 100 mg/kg. The competitive binding
experiments were performed using 125I-ET-1 and
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125I-leptin diluted with 0.1–300 nM unlabeled com-
pounds, after incubation with membrane suspen-
sion, and filtration through Whatman GF/C filters
using the cell harvester (Brandel). Values of Bmax
and KD were derived for hippocampus (H), cortex
(C) and medulla (M) by nonlinear regression
(GraphPad Prism, San Diego, CA).

In untreated animals, ischemia produced a de-
crease in ET-1 Bmax and KD in the early post-
ischemic period with tendency towards normaliza-
tion after 1 week. In treated animals, the above val-
ues increased in the recovery period. In untreated
group, leptin Bmax values increased in H and C dur-
ing recovery and decreased in M during the early
recovery period. Leptin KD values increased in 3

structures during the whole recovery. In bosentan-
treated animals, leptin Bmax and KD increased in H
and C, whereas, in M, it decreased in the early re-
covery period.

Key words: endothelin-1, leptin, receptors, cardiac ar-
rest, bosentan
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Autosomal dominant forms of familial Alzhei-
mer’s disease (FAD) are caused by mutations of the
amyloid precursor protein (APP) gene and by mu-
tations of the genes coding for presenilin 1 or pre-
senilin 2. Simultaneously, evidence has been pro-
vided that increased oxidative stress and enhanced
cell death might play a crucial role in the rapid pro-
gression of the Swedish FAD. Furthermore, exces-
sive generation of nitric oxide has been implicated
in the pathogenesis of Alzheimer’s disease. The
mitochondrial respiratory chain is known to be sen-
sitive to both NO- and ONOO–-mediated damage.
Here we investigated the effect of the Swedish dou-
ble mutation (KM670/671NL) in the �-amyloid
precursor protein (APPsw) on cell death and mito-
chondrial function in PC12 cells. Expression of
APPsw rendered PC12 cells more vulnerable to the
induction of cell death after oxidative stress. APPsw

PC12 cells also showed a significantly decreased
mitochondrial membrane potential after exposure
to hydrogen peroxide and sodium nitroprusside,
a NO donor. Moreover, the basal ATP levels in
APPsw bearing cells are reduced compared to
empty vector transfected cells (vct) and human
wild type APP-bearing cells (APPwt). Addition-
ally, the respiratory chain complexes II, III, IV and
F0F1-ATP-ase in APPsw cells are more vulnerable
to mitochondrial membrane potential changes than
vct cells. Interestingly, the intracellular NO levels
are enhanced in the following order: vct < APPwt <
APPsw. Possibly, the increased amyloid � production
by APP-transfected cells might result in increased
NO production leading to mitochondrial damage.

Key words: PC12 cells, Alzheimer’s disease, amyloid,
mitochondria, ATP, nitric oxide
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Alzheimer’s disease (AD), representing more
than 50% of all dementia cases, is the most com-
mon human disorder featuring accumulation of ab-
normal proteins in the brain. AD is characterized
by two major brain lesions, referred to as senile
plaques and neurofibrillary tangles. According to
the ”amyloid cascade hypothesis”, the accumula-
tion of A� peptides in the brain is a primary event
in the pathogenesis of AD. A series of endoprote-
olytic cleavages of the amyloid precursor protein
(APP) controlled by �-, �-, and �-secretases leads
to a formation of non-amyloidogenic (the �-secre-
tase pathway) and amyloidogenic (the �-secretase
pathway) products which are essential for neurode-
generation. Other pathological features (neurofib-
rillary tangles, neuronal damage, and cell death)
are regarded as secondary. One of the strongest
pieces of evidence supporting this hypothesis was

the identification of pathogenic mutations within
APP, presenilin 1 and presenilin 2 genes responsi-
ble for familial autosomal dominant AD. These
mutations affect APP processing causing overpro-
duction of A�42.

To contribute to our knowledge on a genetic ba-
sis of neurodegeneration in AD, we performed the
analysis of mutations in APP and presenilin genes
in a sample of 55 patients with EOAD from Poznañ
region. Three missense mutations in the PS1 gene:
Ala246Glu, Pro267Leu, and Leu424Arg were found
in families with autosomal dominant EOAD. We dis-
cuss molecular effects of the mutations on APP me-
tabolism and clinical phenotype upon the mutation
nature, location in the gene and other genetic factors.

Key words: Alzheimer’s disease, amyloid protein pre-
cursor, genetic testing, mutation, presenilin-1, presenilin-2

PROTECTION AGAINST ISCHEMIC STROKE.
IS IT VASCULAR OR NEURONAL?
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Cerebral microvessels are not only the trigger
but also the target of ischemic insult. Microvascu-
lar damage due to ischemia and, which is even
more important, reperfusion after re-opening of the
occluded upstream artery leads to a cascade of
events resulting in a secondary injury of brain cells.
The main causes of this injury are structural and
functional alterations in microvessels which lead to
the breakdown of the blood-brain barrier, filtration
of plasma to the extravascular compartment and,
thus, development of edema as well as entry of in-
flammatory cells into the neuropil. Restoration of

cerebral blood flow and delivery of oxygen to the
tissues results in overproduction of free radicals in
relation to the scavenging efficacy of the brain and
vascular cells. Lipid peroxidation due to the gene-
ration of such reactive oxygen species as superox-
ide anion, peroxynitrite or hydroxyl radical is con-
sidered to be the main mechanism leading to tis-
sues injury upon reperfusion after experimental
transient ischemia. Accordingly, administration of
antioxidants like superoxide dismutase or catalase
or a combination of both has been reported to pro-
tect the brain against ischemia/reperfusion insult. Is
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this a direct neuroprotection? Our experimental
evidence indicates that augmentation of the activity
of plasma superoxide dismutase results in lesser
functional impairment of the microcirculation after
middle cerebral artery occlusion/re-opening. Recent
evidence suggests that neuroprotection following
ischemic preconditioning, administartion of corti-

costeroids or hydroxy-methylglutaryl coenzyme A
inhibitors is, to a great extent, secondary to vascu-
lar protection.

Key words: focal cerebral ischemia/reperfusion, micro-
circulation, free radicals, superoxide dismutase

CXCL1 (GRO-�) CHEMOKINE LEVEL IS INCREASED
IN CSF OF ACUTE ISCHEMIC STROKE PATIENTS AND

CORRELATES WITH THE SIZE OF EARLY BRAIN DAMAGE
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CXCL1 (GRO-�) is a potent neutrophil che-
moattractant belonging to CXC chemokines family.
The role of CXCL1 in various inflammatory condi-
tions has been shown.

Chemokines may also play an important role in
cerebral ischemia participating in infiltration of
leukocytes into ischemic lesion. The infiltrated leu-
kocytes, neutrophils in particular, contribute to tis-
sue injury in stroke. The aim of the study was to de-
tect the levels of CXCL1 in the CSF and sera of
stroke patients and control group and to compare
them with the volume of early brain damage de-
tected by CT. The CXCL1 levels were determined
by ELISA method. Twenty three ischemic stroke
patients admitted to hospital within 24 h after the

onset of neurological symptoms participated in the
study. The control group consisted of 15 patients
with tension headache.

There was a significantly higher level of
CXCL1 in the CSF of ischemic stroke patients in
comparison with control group (65.6 ± 22.3 pg/ml
vs. 43.8 ± 2.3 pg/ml; p < 0.0001). CSF CXCL1 lev-
els in stroke patients correlated also positively with
the volume of early brain CT hypodense areas. The
results suggest that CXCL1 may play an important
role in the inflammatory reaction during early
phase of ischemic stroke.

Key words: stroke, chemokines, CXCL1, CSF

RESPONSE OF NOS POOLS IN THE SPINAL CORD
AFTER PERIPHERAL AXOTOMY

Nadeþda Lukáèová1,#, Dáša Èíþková1, Olga Kriþanová2, Jaroslav Pavel1,
Imrich Lukáè3, Martin Maršala4, Jozef Maršala1

1Institute of Neurobiology, Slovak Academy of Sciences, Šoltésovej 4, 040-01 Košice, Slovak Republic; 2Institute of Molecular Physiology and
Genetics, SAS, Bratislava, Slovak Republic; 3Department of Neurosurgery, Medical Faculty of P.J. Šafárik University, Košice, Slovak Republic;

4Anesthesiology Research Laboratory, University of California, San Diego, USA; # e-mail: lukacova@saske.sk

Nitric oxide is known as a neuromodulator, in-
volved in nociceptive transmission in the spinal

cord (SC). In the present study, we investigated the
effect of unilateral sciatic nerve transection on ni-
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tric oxide synthase (NOS) activity measured by ra-
dioassay, gene expression of bNOS and iNOS con-
firmed by RT-PCR and NOS immunoreactivity
(NOS-IR) in dorsal parts of the lower lumbar SC.
Peripheral axotomy lasting for 14 days caused a
significant increase in NOS activity and iNOS
mRNA levels in the dorsal horn (DH) and the dor-
sal column (DC) on the ipsilateral side of the pe-
ripheral injury. The data correspond with a higher
non-somatic NOS-IR expression in the superficial
layers of the DH and a higher number of NOS-IR
somata, quantitatively evaluated in the deep parts
of the DH. Increased expression of NOS-IR was

also found in a large number of DRGs (L4-L6) neu-
rons and dorsal root fibers on ipsilateral side of the
peripheral axotomy. This enhancement may play
a decisive role, remodeling the punctate, non-so-
matic NOS-IR in the DH layers and in the axons of
the medial part of the DC.

Acknowledgement. This study was supported by the
VEGA grants no. 2/2079/22, 2/3217/23 and STAA grant
no. 51-013002.

Key words: nitric oxide synthase, peripheral axotomy,
spinal cord

IMMUNOHISTOCHEMICAL AND HISTOCHEMICAL
CHARACTERIZATION OF NEURONAL NITRIC OXIDE

SYNTHASE IMMUNOREACTIVE TERMINAL FIELDS IN
THE SPINAL CORD OF THE DOG

Jozef Maršala1,#, Nadeþda Lukáèová1, Dáša Èíþková1,
Martin Maršala2

1Institute of Neurobiology, Slovak Academy of Sciences, Šoltésovej 4, 040-01 Košice, Slovak Republic;
2Anesthesiology Research Laboratory, University of California, San Diego, CA, USA; # e-mail: marsala@saske.sk

Detailed description of NADPHd positive and/or
NOS-IR terminal fields in the different segments
and laminae of the spinal cord in the dog is given
using six adult mongrel dogs of both sexes for
NADPHd histochemistry (n=3) and bNOS immu-
nostaining (n=3). Very dense NADPHd-positive
staining and punctate NOS immunoreactivity was
found in laminae I–III of both enlargements. The
most dense accumulation of DAB reaction product
seen as densely packed dots was seen in laminae
I–II, mainly in the extent of the lumbosacral en-
largement. Laminar distribution pattern and density
of dots presumed to be mainly presynaptic boutons
suggest that they represent terminal ramifications
of dorsal root afferents belonging to small NADPHd-
stained and bNOS-IR neurons in the corresponding
DRG. The second NADPHd-positive and bNOS-IR
field was identified in the medioventral part of the

dorsal horn in L2-L3 segments corresponding to
the Clarke’s nucleus known for large bNOS-immu-
nonegative neurons. Intense neuropil histochemical
and immunohistochemical staining in Clarke’s co-
lumn demonstrates that fibers and terminals form-
ing synapses within this nucleus are in fact nitrergic
proprioceptive afferents. Somata in lamina IX were
entirely surrounded by punctate staining presumed
to be Ia fibers making monosynaptic contacts with
motoneurons thus participating in the Ia-motoneu-
ron pathway.

Acknowledgment. This study was supported by VEGA
grant no. 2/3217/23 from the SAS and STAA grant no.
51-013002.
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RELATIONSHIP BETWEEN SERUM LEPTIN LEVEL AND BRAIN
DAMAGE IN RATS AFTER NEONATAL HYPOXIC-ISCHEMIA

Danuta Maœliñska1,#, Milena Laure-Kamionowska1, Agnieszka Kaliszek1,
Robert Ostrowski2, Beata KaŸmierczak3, Dariusz Szukiewicz4

1 Department of Developmental Neuropathology, 2 Laboratory of Experimental Nuclear Medicine, Medical Research Center,
Polish Academy of Sciences, Pawiñskiego 5, PL 02-106 Warszawa, Poland; # e-mail: maslinskad@cmdik.pan.pl;

3Department of Biochemistry, Medical University of Warsaw, Banacha 1, PL 02-097 Warszawa, Poland; 4 Department of
Pathophysiology, Medical University of Warsaw, Krakowskie Przedmieœcie 26/28, PL 00-325 Warszawa, Poland

Leptin, initially recognized as the adipocyte-
derived hormon responsible for the regulation of
body weight homeostasis, appeared to be a cyto-
kine, which has a broad spectrum of biological ac-
tions. Although the effect of leptin on the brain de-
velopment has been well documented [1–4], the
role of leptin in the pathology of an immature brain
was not examined as yet. The aim of the present
study was to measure serum leptin levels in rats af-
fected by neonatal hypoxia-ischemia (HI). The
cerebral HI induced in 7-day postnatal rats caused
unilateral lesions in the hemisphere which was ipsi-
lateral to the ligated common carotid artery. In the
contralateral brain hemisphere of these animals,
histological changes were not present. However,
two weeks after HI the brain lesions were found
only in 62% of rats. Serum leptin level in this group
of animals was significantly lower than in the
group of HI rats with uninjured brains as well as in
the group of control, age-matched rats.

In the group of HI rats with brain lesions, low
serum leptin levels were concomittant with low
body and brain weights. All brain necrotic areas
were surrounded by reactive astrocytes that formed
a gliotic barrier at the borders of these areas. The

concentration of the glial fibrillary acidic protein
(GFAP) in the injured hemisphere was higher than
in the contralateral uninjured hemisphere.

The results show, for the first time, that in rats
with remote brain lesions caused by neonatal HI se-
rum, leptin levels were low. In addition, the reactive
astrogliosis bordering necrotic brain areas in these
animals was concomittant with the low concentra-
tion of GFAP in the injured brain hemisphere.

Key words: leptin, brain, development, hypoxia, ischemia

REFERENCES

1. Bereiter D.A., Jeanreneaud B.: Altered neuroanatomi-
cal organization in the central nervous system of ge-
netically obese (ob/ob) mice. Brain Res., 1979, 165,
249–260.

2. Bereiter D.A, Jeanreneaud B.: Altered dendritic orien-
tation of hypothalamic neurons from genetically obese
mice. Brain Res., 1980, 202, 201–206.

3. Rossier J., Rogers J., Shibasaki T., Guillemin R.,
Bloom F.E.: Opioid peptides and �-melanocyte-sti-
mulating hormone in genetically obese (ob/ob) mice
during development. Proc. Nat. Acad. Sci. USA,
1979, 76, 2077–2080.

4. Sena A., Sarlieve L.L., Rebel G.: Brain myelin of ge-
netically obese mice. J. Neurol. Sci., 1985, 68, 233–244.

MORPHOLOGICAL FINDINGS, HEAT SHOCK PROTEIN 70
AND ATP-ase ACTIVITIES IN THE CEREBELLUM IN
EXPERIMENTAL NEOPLASTIC DISEASE IN RATS
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Introduction. Cerebellar abnormalities are ob-
served in 25% of cancer patients and are believed

to be mediated by the immune system. Metabolic
disturbances are also taken into consideration. The
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anti-tumor responses involve heat shock protein 70
(Hsp 70) expression. The aim of this paper was to
correlate the expression of Hsp 70 with lipid pattern
and peroxidation, as well as ATP-ase activities in the
cerebellum in hepatoma Morris 5123 bearing rats.

Material and Methods. The animals were sac-
rified on 21st day after inoculation of the tumor.
The microscopical examination revealed linear at-
rophy of Purkynje cells in hemispheres of the cere-
bellum. Western-blotting analysis of Hsp 70, ki-
netic estimation of ATP-ases, thin-layer chromato-
graphy of lipids, and spectrophotometric analysis
of malon-dialdehyde, conjugated dienes and sulf-
hydryl groups were performed.

Results. The expression of Hsp 70 in the cere-
bellum was increased in tumor bearing rats. The ac-
tivity of Na+/K+-ATP-ase and Ca2+-ATP-ase were
increased in these animals, while activity of Mg2+-

ATP-ase decreased. Neutral lipid analysis revealed
increased cholesterol content and a decrease in
cholesterol esters in tumor bearing rats. Among ga-
lactolipids, there was an increase in cerebroside
content found in rats with neoplasm. Phosphatidyl-
choline, phosphatidylethanolamine, and lysophos-
phatidylcholine plasmalogen were significantly in-
creased in tumor bearing rats. There was a signifi-
cant decrease in conjugated dienes in the erebellum
of Morris hepatoma rats.

Conclusion. The increased expression of Hsp
70 followed by higher activities of Na+/K+- and
Ca2+-ATP-ase and altered lipid pattern couple the
immunological pathomechanisms involved in sub-
acute cerebellar degeneration with metabolic ones.

Key words: paraneoplastic syndromes, cerebellar de-
generation, heat shock protein, ATP-ases

INCREASE IN MATRIX METALLOPROTEINASE-9 IN
PERIPHERAL BLOOD OF MULTIPLE SCLEROSIS PATIENTS
TREATED WITH HIGH DOSES OF METHYLPREDNISOLONE
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Matrix metalloproteinases (MMPs), especially
MMP-9 and MMP-2 and the natural tissue inhibitor
of MMP-9 (TIMP-1) are of great interest in aspect
of increased blood-brain-barrier (BBB) permeabil-
ity during relapses of multiple sclerosis (MS)[1, 5].
Intravenously applied methylprednisolone (MP)
accelerates the recovery from relapse in MS pa-
tients [3] and stabilizes the BBB [2, 4]. The mecha-
nism, however, is poorly understood.

The aim of our study was to investigate,
whether different doses of intravenously given MP
have any effect on MMP-9, MMP-2 and TIMP-1
plasma levels. Thirty patients with relapsing-re-
mitting MS were treated with 1000 mg or 500 mg
of MP intravenously for five days. EDSS score was

evaluated before starting the therapy, after 7 days
and at 3 months. MMP-9, MMP-2 and TIMP-1 le-
vels were determined before treatment, and after 3,
7, 14 days and 3 months.

During therapy with MP, we observed a statisti-
cally significant decrease in median EDSS score
after 7 days and after 3 months compared with the
baseline. There was a statistically significant in-
crease in MMP-9 plasma levels at day 7 after start-
ing therapy followed by a decrease at day 14 and
month 3 in group I. A similar trend was obvious in
group II.

Our results demonstrate that a double dose of
MP might not be superior with respect to clinical
improvement and that MP increased MMP-9 levels
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in PB. Therefore, the well-known effect of MP on
restoring the BBB [2] may be related to some other
mechanism than suppression of MMP-9.

Key words: multiple sclerosis, matrix metalloprote-
inases (MMPs), methylprednisolone, blood-brain barrier
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EFFECT OF BOSENTAN ON LEPTIN AND ENDOTHELIN
CONCENTRATION IN PLASMA AND BRAIN AFTER

CARDIAC ARREST IN RATS

Robert P. Ostrowski, Andrzej Kapuœciñski#, Zdzis³awa Kowalska,
S³awomir Januszewski

Laboratory of Experimental Nuclear Medicine, Medical Research Center, Polish Academy of Sciences, Pawiñskiego 5,
PL 02-106 Warszawa, Poland; # e-mail: kapuscinski@ibb.waw.pl

In previous studies, we found that endothelin
receptor antagonist bosentan decreased plasma
leptin concentration in rats after myocardial infarc-
tion and had an important effect on significant
diminution of mortality [2]. The present study was
undertaken to examine the effect of bosentan on
leptin and endothelin-1 (ET-1) concentration in
plasma and ET-1 in the hippocampus after cardiac
arrest (CA) in rats.

The studies were performed in 72 rats divided
into treated (36) and untreated (36) animals in the
following experimental groups: control, 3 min, 10
min, 1h, 24 h and 7 days after CA according to
Korpachev et al. [1]. Bosentan was given daily 2 h
before CA or decapitation for 7 days, by gavage at
the dose of 100 mg/kg. Concentration of leptin in

plasma and ET-1 in plasma and the hippocampus
was measured by means of radioimmunoassay
(RIA) using 125I-labeled antigens and RIA kits
(Linco and Peninsula).

Plasma leptin concentration decreased in the
early period after CA, being elevated at 24 h and
normalizing 1 week later. Bosentan kept plasma
leptin concentration at the control level in the post-
ischemic period. Plasma ET-1 concentration sig-
nificantly raised in the whole postischemic period.
Bosentan produced elevation of plasma ET-1 con-
centration in the preischemic period and kept level
of ET-1 at control values after CA. Concentration
of ET-1 in the hippocampus was significantly
lower 24 h after CA and was elevated after 1 week.
The most dramatic effect of bosentan on ET-1 con-
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centration was in the hippocampus, where it sig-
nificantly decreased its level during the whole post-
ischemic recovery period.

We postulate an important effect of bosentan on
concentration of Et-1 and leptin in plasma and
brain after total cerebral ischemia caused by CA.

Key words: bosentan, leptin, endothelin-1, plasma,
brain, cardiac arrest
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GENETICALLY DETERMINED VASCULAR DISEASES

Janina Rafa³owska
Department of Neuropathology, Medical Research Center, Polish Academy of Sciences, Pawiñskiego 5, PL 02-106 Warszawa, Poland

Review of the literature data concerning geneti-
cally determined blood vessel diseases is presented.
These disorders are a cause of processes similar to
Binswanger’s disease but occur in families. Recurrent
transient ischemic attacks (TIA), ischemic strokes
and other kinds of blood supply disturbances lead
to numerous vasogenic brain tissue damage of vari-
ous intensity. Particularly evident lesions are ob-
served in hemispheric white matter. Progressive
neurological symptoms and dementia form the pic-
ture of subcortical leucoencephalopathy in several
members of a family. Moyamoya disease, fibromu-
scular dysplasia, hereditary hemorrhagic telangiec-

tasia, hereditary cerebral hemorrhage with amyloi-
dosis, pseudoxanthoma elasticum, two types of
subcortical encephalopathy in Japan, hereditary en-
dotheliopathy with retinopathy, nephropathy and
stroke (HERNS) and cerebral autosomal dominant
arteriopathy with subcortical infarcts and leucoen-
cephalopathy (CADASIL) are discussed. In some
of these diseases, genetic mutation as e.g. Notch3
in CADASIL has been described.

Key words: cerebral blood vessels, familial disorder,
progressive subcortical encephalopathy

Ca2+ REGULATION AND GENERATION OF REACTIVE OXYGEN
SPECIES IN NEURONS AND ASTROCYTES AND VULNERABILITY

OF BRAIN MITOCHONDRIA IN EXPERIMENTAL STROKE

Georg Reiser#, Stefan Kahlert, Gregor Zündorf, Lorenz Schild
Institut für Neurobiochemie, Institut für Pathologische Biochemie, Otto-von-Guericke Universität Magdeburg, Leipziger Str. 44,

D-39-120 Magdeburg, Germany; # e-mail: georg.reiser@medizin.uni-magdeburg.de

In a mixed culture system of dissociated hippo-
campal neurons and astrocytes, the influence of in-
creased glutamate (100 �M) on Ca2+ homeostasis

and reactive oxygen species (ROS) generation was
monitored. Astrocytes are able to regulate the cyto-
solic Ca2+ concentration after glutamate challenge,
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whereas in neurons cytosolic Ca2+ remains elevated
during extracellular glutamate application. The
ability to down-regulate increased cytosolic Ca2+ is
maintained in astrocytes even under inhibition of
glycolysis or oxidative phosphorylation. Glutama-
te-mediated Ca2+ load in respiration-inhibited neu-
rons is increased above the glutamate-evoked Ca2+

level in energetically intact neurons. Inhibition of
glycolysis has no additional effect. Under control
conditions, ROS generation is higher in neurons
than in astrocytes. Glutamate further increases neu-
ronal ROS generation, whereas the withdrawal of
extracellular Ca2+ reduces the glutamate-mediated
neuronal ROS generation. Thus, astrocytes and
neurons kept in parallel under identical conditions
display different sensitivity and vulnerability to
identical insults. In addition, we subjected rat brain
mitochondria to experimental stroke (hypoxia/re-
oxygenation in the presence of low micromolar
Ca2+). Extramitochondrial ADP prevented loss of
active respiration, and a protection was similarly
achieved by exogenous catalase, which transforms
toxic H2O2 to H2O, but not by superoxide dismu-
tase, which transforms reactive superoxide anion

radicals to H2O2. ADP prevented decline in mito-
chondrial glutathione level upon experimental
stroke. ADP also reduced the production of H2O2
by isolated brain mitochondria, if ATP synthesis
proceeded and the membrane became partially de-
polarized. Thus, brain mitochondria are protected
in vivo from ischemic damage via ADP by dimin-
ishing mitochondrial H2O2 generation.

Key words: hydrogen peroxide, fatty acids, ischemia-
reperfusion, protection
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REGULATORY ROLE OF HEAT SHOCK PROTEINS
IN AUTOIMMUNITY WITHIN CNS

Krzysztof Selmaj
Department of Neurology, Medical University of £ódŸ, Kopciñskiego 22, PL 90-153 £ódŸ, Poland;

e-mail: kselmaj@afazja.am.lodz.pl

Heat shock proteins (hsp) have been found to
facilitate generation of specific immune response
by chaperoning protein and peptides involved in T
cell activation. Hsp have been shown to be strik-
ingly elevated in multiple sclerosis (MS) lesions.
We have investigated the association of hsp-70 and
hsp-90 with myelin basic protein (MBP), myelin
proteolipid protein (PLP) and myelin and oligoden-
drocyte protein (MOG) in MS and control brain tis-
sue. In co-immunoprecipitation experiments, in all
investigated samples of MS brains, but not in con-
trol brains, we have found direct association of
MBP with hsp-70 but not with hsp-90. In similar

co-immunoprecipitation experiments on brain tis-
sue obtained from mice with experimental autoim-
mune encephalomyelitis (EAE) induced by immu-
nization with PLP, we have found specific associa-
tion of hsp-70 with PLP and MBP. Using surface
plasmon resonance, we demonstrated specific bind-
ing of hsp-70 with MBP in vitro. Next, we investi-
gated the role of the inducible form of hsp-70 in the
presentation of MBP, in the context of appropriate
MHC class II. By the use of co-immunoprecipita-
tion, we have found that MBP binds to hsp-70 in
antigen presenting cells (APC) in an ATP/ADP de-
pendent manner. Additionally, using confocal mi-
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croscopy, hsp-70 was detected in the endocytic pro-
jections of APC, where it colocalized with MBP
and HLA DR. The immunodominant epitopes of
MBP: 85–99 and 80–99 were shown by surface
plasmon resonance to bind selectively and specifi-
cally to hsp-70. The functional significance of MBP
interaction with hsp-70 was demonstrated by the
detection of the enhanced responses of an MBP-
specific T cell hybridoma to MBP and MBP80–99
with increasing levels of hsp-70 and reduced re-
sponses when hsp-70 expression was diminished
within APC expressing DRA*0101, DRB1*1501
(DR1501). However, when MBP85–99 was used as
the stimulus, T cell hybridoma responses were not
enhanced by hsp-70 overexpression within APC,

suggesting that hsp-70 contributes to antigen pro-
cessing rather than antigen presentation. The im-
portance of a direct association between MBP and
hsp-70 in the presentation pathways was demon-
strated by enhanced efficacy of MBP presentation
by APC transfected with a plasmid vector encoding
a fusion hsp-70-MBP protein.

These results indicate that hsp-70 specifically
associates with MBP in MS brain tissue. It impli-
cates also that aberrant HSP self-expression may
lead to the enhancement/modulation of autoim-
mune responses.

Key words: multiple sclerosis, experimental autoim-
mune encephalomyelitis, heat shock proteins

PHARMACOKINETIC INTERACTION OF CARBAMAZEPINE
WITH SOME ANTIEPILEPTIC DRUGS DURING EPILEPSY

TREATMENT IN CHILDREN AND ADOLESCENTS

Barbara Steinborn

Chair and Department of Developmental Neurology, University of Medical Sciences, Przybyszewskiego 49, PL 60-355 Poznañ, Poland;
e-mail: bstein@amp.edu.pl

The aim of the study was to obtain pharmacoki-
netic data on carbamazepine (CBZ) and its free
fractions in bitherapy with lamotrigine (LTG), topi-
ramate (TPM), vigabatrin (VGB) or valproic acid
(VPA) in children and adolescents treated for epi-
lepsy.

Fifty-five patients with epilepsy who were un-
der control of Department of Developmental Neu-
rology, University of Medical Sciences in Poznañ,
participated in the present study. All patients were
treated with CBZ in bitherapy with LTG, TPM,
VGB or VPA. The blood samples were taken in
steady state before the morning dose and subse-
quently every three or two hours for 24 h. The
plasma levels of CBZ were determined using TDX
analyzer (Abbott Diagnostic Division, USA). Free
CBZ fraction was isolated with the use of ultrafil-
tration system (Amicon, USA). For pharmacoki-
netic calculations of total and free CBZ, one-com-

partment model was used according to standardi-
zed procedure.

There were no significant differences in phar-
macokinetic parameters of unbound CBZ between
four groups of patients on bitherapy with LTG,
TPM, VGB or VPA. The changes in pharmacoki-
netics of total CBZ were reflected by differences in
CBZ concentrations, AUC, L/D/kg ratios and Cl/kg.
CBZ + VGB bitherapy led to higher total CBZ con-
centrations. In group treated with CBZ + VPA, no
increase in unbound CBZ was detected. This obser-
vation may confirm that the interaction between
these AEDs is not based on displacement of CBZ
from protein plasma binding by VPA.

Pharmacokinetic interactions of CBZ with LTG,
TPM, VGB or VPA in children are connected with
the changes in total CBZ parameters only.

Key words: carbamazepine, interactions, lamotrigine,
topiramate, vigabatrin, valproic acid
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GLUTAMINE, GLUTAMATE AND GABA RELATIONSHIP
IN NERVE ENDINGS UNDER PB-TOXICITY CONDITIONS

Lidia Stru¿yñska#, Grzegorz Sulkowski, Beata D¹browska-Bouta,
Urszula Rafa³owska
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Polish Academy of Sciences, Pawiñskiego 5, PL 02-106 Warszawa, Poland; # e-mail: lidkas@cmdik.pan.pl

Glutamine (Gln), glutamate (Glu) and �-amino
butyric acid (GABA) are amino acids essential for
brain metabolism and function. Astrocyte-derived
glutamine is the precursor of two most important
neurotransmitters – glutamate and GABA. Paral-
lelly to the role in neurotransmission, they act as al-
ternative metabolic substrates for astrocytes and
neurons coupling metabolism of the two mentioned
pools of cells. The relationship between Gln, Glu
and GABA were studied under lead (Pb) toxicity
conditions using synaptosomal fraction obtained
from adult rat brains. The investigation was under-
taken considering the fact that seizures are one of
symptoms of Pb neurotoxicity. Results from these
studies are in agreement with reported impairments
in GABAergic system after Pb exposure. We have
found diminished transport of [14C]GABA in sy-
naptosomal fraction from adult rat brains after Pb
treatment. Both uptake and depolarization-evoked

release were diminished, by 40% and 30% below
control levels, respectively. Furthermore, similar
decrements in synaptosomal uptake of radioactive
glutamine and glutamate were observed. However,
the K+-evoked release of Glu increased by 20%
over control values.

In addition, multiple exposures to Pb led to the
decreased activity of phosphate-activated glutami-
nase (PAG) and lower expression of glutamate de-
carboxylase protein (GAD) which are the enzymes
related to amino acid metabolism. Besides the im-
pairment of synaptosomal processes of glutamater-
gic and GABAergic transport, the results indicated
disturbed relationship between Gln, Glu and GABA
that may be the reason of changed neuronal-astro-
cytic interactions.

Key words: Pb, lead toxicity, glutamate, glutamine,
GABA

NGF-MEDIATED CHANGES IN CHOLINERGIC
NEUROTOXICITY IN SN56 NEUROBLASTOMA CELLS

Andrzej Szutowicz#, Hanna Bielarczyk, Justyna Æwikowska,
Agnieszka Jankowska

Department of Laboratory Medicine, Chair of Clinical Biochemistry, Medical University of Gdañsk, Dêbinki 7,
PL 80-211 Gdañsk, Poland; # e-mail: aszut@amg.gda.pl

Variable susceptibility of different groups of
brain cholinergic neurons to neurotoxic inputs may
depend inversely on the ratio of acetyl-CoA to ACh
metabolism as well as activation of NGF receptors.
Thus, cholinergic cells with low acetyl-CoA pro-
duction and high rate of acetylcholine synthesis
would be more prone to neurodegeneration than

those with opposite properties. SN56 cholinergic
p75(+)Trka(–) and p75(+)TrkA(+) neuroblastoma
cells were differentiated with dibutyryl-cAMP and
retinoic acid (RA). Differentiation decreased acetyl-
CoA level and pyruvate utilization in mitochondial
compartment as well as increased acetylcholine and
Ca content and choline acetyltransferase (ChAT)
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content/activity in both cell lines. Differentiated
cells were about two times more susceptible to neu-
rotoxic signals than the nondifferentiated ones. NGF
(100 ng/ml) increased cholinergic phenotype and
Ca accumulation (78%) and decreased acetyl-CoA
content in mitochondria (39%) of TrkA(+) cells.
On the other hand, NGF decreased ChAT activity
(40%) and increased mitochondrial acetyl-CoA
(80%) in cAMP/RA-predifferentiated TrkA(–) and
TrkA(+) cells. In addition, NGF aggravated NO
and beta-amyloid-evoked decrease in cell viability
but not ChAT activity. These NGF-evoked changes
were reversed by the addition of anti-p75 antibody.

The presented data indicate that NGF through
interaction with p75 receptors may suppress cho-

linergic activity, thereby preventing excessive long-
term cholinergic up-regulation. These effects were
apparently exerted through the inhibition of stably
activated CRE and RAR regulatory sites in choliner-
gic locus. No Ca signaling was involved in this pro-
cess. Thus, NGF may indirectly modify cholinergic
cell susceptibility to neurotoxic insults through cho-
linergic activity-evoked changes in mitochondrial
acetyl-CoA availability for energy production.

Acknowledgment. This study was supported by the
State Committee for Scientific Research, grant no. 6P05A
01020, Warszawa, Poland.
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ANGIOGENESIS IN HUMAN BRAIN ACCOMPANIED
BY CEREBRAL AMYLOID ANGIOPATHY
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Jaros³aw Andrychowski2, Zbigniew Czernicki2

Laboratory of Cell Ultrastructure1 and Department of Neurosurgery2, Medical Research Center, Polish Academy of Sciences,
Pawiñskiego 5, PL 02-106 Warszawa, Poland

Angiogenesis is one of the most pervasive and
fundamentally essential biological processes en-
countered in mammalian organism. It is an impor-
tant event in a variety of physiological settings
where it is tightly regulated in both time and space.
Chronic inflammation following infection, trauma
or immune response is an important trigger of angio-
genesis.

Material for our studies was taken during neu-
rosurgical operation, removing intracranial sponta-
neus hematoma. The patient was admitted to Neu-
rosurgical Department suffering from Alzheimer’s
disease and hypertension.

In ultrastructural studies, the endothelial cells
of brain capillaries demonstrated atrophy, swelling
or contained irregular nuclei. The basement mem-
brane exhibited a robust thickening and local dis-
ruption. The pericytes displayed either atrophy or
were encountered at a higher frequency in capillary

profiles. We also noticed deposition of collagen fi-
brils in the form of fibber bundles in basement
membrane or near pericytes. This is microvascular
fibrosis. Also proteoglycans accumulated in close
proximity of capillaries and were co-localized with
extravascular fine fibrils of amyloid. The astrocytic
and feet of the appeared swollen and in inside we
also observe fibrils of amyloid. In this brain area,
we have seen newborn vessels: inside them we dif-
ferentiated two morphological types of endothelial
cells.

Our results suggest that intracerebral hemor-
rhage was caused by cerebral amyloid angiopathy.
This process was accompanied by new vessel for-
mation. In this case, new vessels were probably
formed with participation of endothelial progenitors.

Key words: brain capillaries, amyloid, cerebral amy-
loid angiopathy, angiogenesis
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CYCLIN-DEPENDENT KINASE INHIBITORS: KILLERS
OF CANCER CELLS AND GUARDIANS OF NEURONS:

A COMPARISON OF ROSCOVITINE AND CISPLATIN ACTION

Józefa Wêsierska-G¹dek1,#, Marieta Gueorguieva1, Marcel Horky2

1Cell Cycle Regulation Group, Institute of Cancer Research, University of Vienna, Borschkegasse 8a, A-1090 Vienna, Austria,
# e-mail: Jozefa.Antonia.Gadek-Wesierski@univie.ac.at; 2Department of Pathological Physiology, Faculty of Medicine,

Masaryk University, Brno, Czech Republic

Cyclin-dependent kinases (CDKs) have recent-
ly raised considerable interest in view of their key
role in the regulation of the cell cycle progression.
In proliferating cells, distinct CDKs associated
with specific cyclins coordinate in an orchestrated
way the appropriate transition between different
phases of the cell cycle. Mutations and /or aberrant
expression of distinct CDKs and their regulatory
components leads to uncontrolled proliferation and
finally to carcinogenesis. However, in post-mitotic
neurons, all CDKs with the exception of Cdk5 are
silent. Cdk5, a proline-directed serine/threonine ki-
nase exhibiting a close structural homology to the
mitotic CDKs, binds to p35, the neuron-specific
regulatory subunit of cdk5. Cdk5 is very abundant
in mature neurons and seems to regulate neuro-
transmitter release through phosphorylation and
down-regulation of calcium channel activity. Re-
markably, after oxidative stress and in a wide diver-
sity of neurodegenerative disorders, misregulation

of CDKs, predominantly of the cdk5/p35 complex,
occurs in neurons.

Selective CDKs inhibitors were developed as
promising drugs for cancer therapy due to its abil-
ity to arrest cell cycle progression. Recently, their
neuroprotective action was described.

The aim of this study was to compare the anti-
proliferative effect of roscovitine, a potent CDKs
inhibitor, with that of cisplatin. We examined the
effect of the drugs on proliferation and cell cycle
progression of human breast cancer MCF-7 cells.
Roscovitine exerted stronger inhibitory effect on
proliferation and cell cycle progression of MCF-7
than CP. Accumulation of G2/M arrested cells start-
ing 6h after roscovitine administration coincided
with a strong increase in the p53 level.

Key words: cell cycle control, G2/M arrest, p53 up-
regulation, p53 nuclear accumulation, PARP-1 cleavage,
FACS analysis

APOLIPOPROTEIN E4 AND AMYLOID BETA PEPTIDE
INHIBIT POLYPHOSPHOINOSITIDE BIOSYNTHESIS

IN THE RAT BRAIN

Agata Zambrzycka#, Joanna B. Strosznajder
Department of Cellular Signaling, Medical Research Center, Polish Academy of Sciences, Pawiñskiego 5, PL 02-106 Warszawa, Poland;

# e-mail: agatazambrzycka@hotmail.com

Phosphatidylinositol 4-kinase, EC 2.7.1.67 (PI4K)
and phosphatidylinositol 4-phosphate 5-kinase, EC
2.7.1.68 (PIP5K) catalyze the synthesis of poly-
phosphoinositides: phosphatidylinositol-4-mono-
phosphate (PI-4-P) and phosphatidylinositol-4,5-

bisphosphate (PI-4,5-P2). These lipids together
with phosphatidylinositol (PI) are substrates for
phospholipase C, EC 3.1.4.3 (PLC) and play im-
portant role in signal transduction and cytoskeleton
function. Our previous results indicated that Alz-
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heimer’s disease related apolipoprotein E4 (apoE4)
and A� peptide decrease phosphoinositide degrada-
tion by PLC. The question arises if apoE4 and A�
are also involved in alteration of polyphosphoinosi-
tide synthesis. In this study, the effect of apoE4 and
A� 1-42 on PI4K and PIP5K activity in cortical
synaptic plasma membranes from rats brain was in-
vestigated. The studies were carried out in the pre-
sence of exogenous inositolphospholipids and
[�-32P]ATP. The results indicated that 0.25 �M
apoE4 inhibited PI4K and PIP5K by 40% and 30%,
respectively and 25 �M A� 1-42 decreased exclu-
sively PI4K activity by 20%. Both compounds sti-

mulated free radicals-dependent protein oxidation
that may be involved in phosphoinositide kinases
alteration.

These studies for the first time indicated that
apoE4 significantly inhibited polyphosphoinositide
synthesis and suggested that apoE4, independently
of A� peptide, might by responsible for the altera-
tion of polyphosphoinositide concentration and sig-
naling.

Key words: polyphosphoinositides, phosphatidylinosi-
tol 4-kinase, phosphatidylinositol 4-phosphate 5-kinase,
apolipoprotein E4, amyloid beta peptide

MSRV POL SEQUENCE COPY NUMBER AS A POTENTIAL
MARKER OF MULTIPLE SCLEROSIS

Mariola Zawada1, Izabela Liweñ1, Monika Pernak3,
Danuta Januszkiewicz-Lewandowska1,2,3, Karina Nowicka-Kujawska1,
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Multiple sclerosis (MS) is a neurological dis-
ease in which demyelination in the brain and spinal
cord is observed. The causal influence of bacte-
rial/viral infections and genetic/immune factors in
the etiology of MS has been suggested. MS-related
retrovirus (MSRV) is one of the potential agents,
which can lead to development of the disease.

The aim of cytogenetic studies was assessment
of MSRV pol sequence copy number in patients
with MS compared to normal individuals.

Cytogenetic slides with interphase nuclei and
extended chromatin fibers were prepared from pe-
ripheral blood of 16 patients with MS and 10
healthy individuals.

Fluorescence in situ hybridization (FISH) with
biotinylated product of PCR was used in order to

analyze MSRV pol sequence copy number in the
examined material. Detection of MSRV pol probe
was carried out by immunological reaction: avidin-
FITC and biotinylated anti-avidin.

MSRV pol sequence copy number was signifi-
cantly greater in MS patients than in normal indi-
viduals. Using FISH technique to extended chro-
matin fibers, it was observed that MSRV pol exists
as tandem repeats on various chromosomes. In-
creased number of MSRV pol sequence has been
found on chromatin fibers of MS patients as com-
pared to healthy controls.

Key words: multiple sclerosis (MS), MSRV, pol sequen-
ce, FISH, interphase nuclei, chromatin fibers
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CHOLINOMIMETICS AND KYNURENIC ACID SYNTHESIS
IN RAT BRAIN SLICES

El¿bieta Zieliñska1, Waldemar A. Turski1,2

1Department of Clinical Toxicology, Institute of Agricultural Medicine, Jaczewskiego 2, PL 20-950 Lublin, Poland;
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The study was performed to evaluate the possi-
ble influence of cholinergic system on the synthesis
of kynurenic acid (KYNA) in cortical rat brain
slices in vitro. The effect of nicotinic receptor ago-
nist nicotine, muscarinic receptor agonist bethan-
echol, and acetylcholinesterase inhibitors, neostig-
mine and methomyl on KYNA production in vitro
was studied. Nicotine (10 mM) increased KYNA
production, whereas bethanechol at the same con-
centration did not affect KYNA synthesis. Neostig-

mine at concentration of 1 and 10 mM raised it
by 31 and 62%, respectively. Similarly, methomyl
(10 mM) elevated KYNA synthesis by 30%. It
seems that stimulation of cholinergic system via
nicotinic mechanisms may affect KYNA synthesis
in the brain.

Key words: kynurenic acid, nicotine, cholinergic ago-
nists, acetylcholinesterase inhibitors, brain
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