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Research report

PRODUCTION OF PURE PRIMARY RAT CEREBRAL ENDOTHELIAL
CELL CULTURE: A COMPARISON OF DIFFERENT METHODS

Szabé, Cs. A, Deli, M. A., ngo Thi KHUE Dung and JOO, F.ft

Laboratory of Molecular Neurobiology, Institute of Biophysics,
Biological Research Center of the Hungarian Academy of Sciences, H-6701 Szeged, P.O.
Box 521, Hungary

Summary: To study the blood-brain barrier in vitro pure cerebral endothelial cell cultures,
without contaminating cells have to be obtained. Most other cell types besides endothelial
cells can be pericytes, a few astrocytes, some smooth muscle cells, fibroblasts and
meningeal cells. Careful removal of large vessels and meninges during the dissection and the
optimal duration of enzymic digestions can reduce the ratio of contaminant cells. In order
to further increase the purity of the culture endothelial cells can be subcloned, however,
this is not useful for cells of every species. An alternative choice in cultures from rat is to
perform a selective cytolysis by complement and monoclonal anti-Thy 1.1 antibody to
eliminate pericytes and astrocytes. The presence of growth factors and the type of serum
are also important for successful endothelial cell cultures. With the combination of the
cytolysis of contaminating cells and the use of plasma-derived serum, the culturing of pure
primary cerebral endothelial cells was successful.
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INTRODUCTION

The blood-brain barrier (BBB) based in part on specialized characteristics of
cerebral endothelial cells (CEC), including the occurrence of tight
intercellular junctions, high electrical resistance, few pinocytotic vesicles as
well as the presence of specific, polarized, and highly discriminatory
membrane transport systems. These features form a selective permeability
barrier that restricts the movement of most polar molecules and proteins.

The in vitro study of the blood-brain barrier (BBB) started in the 70s when
Jod and Karnushina (1973) isolated fractions enriched in microvessels from
rat cortex. This method could be used for short-term studies of the BBB.
Couple of years later a new method was described for culture of CEC
(Panula et al., 1978). These new model systems provided a better insight into
the morphology, biochemistry and physiology of the CEC and new means to
study the transport processes of nutrients and drugs across the BBB. In
order to obtain CEC cultures porcine, murine (Tontsch and Bauer, 1989),
bovine (Méresse et al., 1989), human (Vinters et al., 1987, Nagy and Vastag
1994) and rat brains (Bowman et al., 1981, Abbott et al., 1992) are used
most frequently in different laboratories. Syngeneic co-cultures of rat
cerebral endothelial cells (RCEC) and other cell types like astrocytes, smooth
muscle cells, pericytes, neurons is an advantage of the rat model. For
molecular biological studies rodents are widely used, this is also favours
choosing rat CECs. Almost all methods use gray matter of brain and enzymic
digestion step(s) for dissociation of microvessels. The capillary fragments
are separated by Percoll gradient (Bowman et al., 1981) or by series of
centrifugation steps (Tontsch and Bauer, 1989).

For characterisation of the primary culture of CEC it is necessary to
check the purity and the expression of specific markers of endothelial cells.
Cultures of RCEC can be easily characterised, since several antibodies are
available for this species. The primary cultures are usually not pure,
pericytes, astrocytes, fibroblasts, smooth muscle or leptomingeal cells may
appear among endothelial cells. There are different methods to increase the
purity of brain endothelial cell cultures like the subcloning of endothelial cell
islands by microtrypsinisation as described by Méresse et al., (1989) and the
complement mediated specific cytolysis (Risau et al., 1990).

The growth and differentiation of endothelial and the other contaminant
cell types depend on the presence of different mitogenic factors. The
endothelial cell growth factor (ECGF) (Folkman and Haudenschild, 1982) or
the acidic and the 10-30 times more potent basic fibroblast growth factors
(FGF) (Gospodarowicz et al., 1986) were found to be necessary for the
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continuous growth and the expression of the phenotypic features of the
endothelial cells in vitro. The quality of serum is also very important. There
is a variability in the growth rate stimulating effect of different types or
batches of serum. The fetal calf serum (FCS) different amount of platelet-
derived growth factor (PDGF) which stimulates proliferation of
contaminating cells as well. The plasma derived serum is free from PDGF.

The thymus-derived lymphocytes, the mesangial cells, the cerebral
pericytes and astrocytes express the cell surface differentiation antigen Thy
11 while endothelial cells do not. Thy 11 antigen can be used to reduce the
non-endothelial contamination of CECs (produce optimal purity of CEC
cultures) by selectively lysing by antibody/complement treatment the
pericytes and astrocytes (Risau et al, 1990).

In order to find an optimal culture protocol for RCEC in our laboratory we
compared different techniques.

MATERIALS AND METHODS
Chemicals

Materials used in the experiments were the following origin: collagenase type
I, bovine serum albumin (BSA), Dulbecco's modified Eagle's medium/
nutrient mixture F-12 Ham (DMEM/F-12), fetal calf serum (FCS), basic
fibroblast growth factor (bFGF), heparin, monoclonal anti-mouse Thy 11
antibody, complement serum HLA-ABC (rabbit), 5-bromo-4-chloro-3-indolyl
phosphate (BC1P), nitro blue tétrazolium, Bandeiraea simplicifolia isolectin
B4, 3,3'-diaminobenzidine (DAB), fluorescein isothiocyanate-dextran (FITC-
dextran) (Sigma), collagenase-dispase (Boehringer), Percoll (Pharmacia), L-
glutamine, penicillin-streptomycin (Gibco), plasma derived derum (PDS)
(Advanced Protein Products LTD).

Preparation ofprimary cultures

Two-week-old Sprague-Dawley CFY rats of either sex were obtained from
our Institute's animal house. Rats were anesthesized with ether. After
thorough rinse with 70% ethanol, than with iodine in 70% ethanol, heads
were cut, and placed into a sterile glass Petri dish. In the laminar flow box
forebrains without the cerebellum were removed from the skulls with sterile
microdissecting forceps and scissors, and collected in cold sterile phosphate
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buffered saline (PBS, without calcium and magnesium, pH: 7.4). Meninges
were removed on sterile filter paper (Whatman 3M) from each brain
hemisphere while at the same time white matter was "peeled off' with the aid
of fine curved forceps. Gray matter was carefully collected from the filter

paper (meninges stuck to it) and minced to approximately 1 mm' pieces by
sterile disposable scalpels in the incubation medium (270 U/ml collagénase, 1
mg/ml dispase, DMEM-F12 containing antibiotics) in a sterile glass Petri
dish. Incubation media for enzymic digestion was always prepared freshly
from lyophilised enzymes, then sterilised by filtration. Their pH was adjusted
to 7.4.

The minced tissue was transferred into a centrifuge tube with the rest of
the collagenase-dispase solution (total: 2 ml/brains) and triturated with a
pipette (10 up and down), than incubated at 37 °C for 15 h in shaking
waterbath. After this incubation, cold DMEM-F12 was added to the
homogenate and centrifuged at 1000 g for 8 min. The supernatant was
aspirated and 15% BSA/DMEM-F12 (2 ml/brain) was added to the
homogenate, mixed well by trituration and centrifuged at 1000 g for 15 min.
The myelin layer and the supernatant was aspirated, the pellet washed once
in DMEM-F12 (700 g for 5 min) then further digested in waterbath for an
other, 1 h in the incubation medium Iml/brain. The cell suspension was
centrifuged (700 g for 5 min). The pellet was suspended in 2 ml DMEM-
F12 and carefully layered on a continuous 33% Percoll gradient and
centrifuged at 1000 g for 10 min. For the gradient 10 ml Percoll, 18 ml
PBS, 1 ml FCS and 1 ml 10¥ concentrated PBS were mixed, sterile filtered
and centrifuged at 4 °C, 30000 g for 1h.

The band of the endothelial cell clusters (clearly visible as a white-grayish
layer above the red blood cells) was aspirated, washed twice in DMEM-F12
(at first 1000 g, 8 min, then 700 g, 5 min). The cells were suspended in
culture medium (DMEM-F012 containing 100 U/ml penicillin, 100 mg/ml
streptomycin, 50 mg/ml gentamicin, 2 mM glutamine, 20 % heat inactivated
FCS or PDS and from the second day 1 ng/ml bFGF) and were seeded onto
rat tail collagen-coated 35 mm plastic dishes or Falcon cel! culture inserts
(pore size 4 mm, d=25 mm). Starting culture from 10 brains, we could
obtain confluent primary culture of RCECs in élO pieces of 35 mm tissue

culture dish, equivalent approximately to 100 cm” surface area. The medium
was changed on the next day, later on every third day.
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Characterisation o fthe cultures

FVIli-related antigen (FVIII) immunohistochemistry. After a brief washing
in PBS and fixing in ethanol at 4°C for 15 min, cells were treated with 1%
H2 2in PBS for 10 min, followed by washing in PBS. Non-specific binding
sites were blocked by incubation in 3% normal goat serum in PBS at room
temperature for 20 min. Anti-FVIII rabbit immunoglobulin (Dako) was used
as primary antibody and biotin-labelled anti-rabbit 1gG (Dako) as secondary
antibody, both applied for 30 min. After a 30 min incubation with avidin-
biotin-horseradish peroxidase (HRP) complex (ABC kit, Vector Lab, CA,
USA), DAB was used as HRP substrate, followed by hematoxylin-eosin (HE)
counterstaining.

Lectin-binding. RCECs were washed in PBS, fixed in 4% formalin and 70%
ethanol in PBS for 15 min, treated with 1% H2) 2in PBS for 10 min, washed
again in PBS, then incubated in 15 mg/ml HRP-conjugated BS-I1-B4 in 0.1%
BSA-PBS for 90 min. DAB was used as HRP substrate. The preparations
were counterstained by HE.

Complement killing

RBEC cultures were washed twice with serum free DMEM-F12, then
incubated with monoclonal anti-mouse Thy 11 antibody (antibody: DMEM-
F12 = 1:500) for 1 h at 37 °C. After washing twice with DMEM-F12, the
cultures were incubated in the presence of rabbit complement (complement :
DMEM-F12 = 1:3) for 2 h at 37 °C, which mediated the cytolysis of those
cells which expressed on their surface the antigen Thy 1.1. After washing in
DMEM-F12 the cells were cultured in the previously described complete
medium.

RESULTS AND DISCUSSION
Isolation and characterisation ofendothelial cells
The method we were using was based on two enzymic digestion steps to
free microvessels from the surrounding nervous tissue and eliminate possible

contaminating cells, followed by a Percoll gradient centrifugation to isolate
the capillary fragments. The small vessel fragments obtained at the end of



6 Szabé et al.

the isolation procedure attached rapidly to collagen coated surfaces, and in 2-
3 days, colonies of RCECs emerged and formed a non-overlapping
continuous monolayer with some swirling patterns at the end of the first
week. RCECs displayed a so-called "fibroblast-like™ morphology: cell-shape
is fusiform with an oval nucleus in the center, neighbouring cells tightly
attached to each other in such a way that no intercellular space could be
observed. The endothelial cells gave specific immunohistochemical staining
with anti-FVIII antibody (Fig. 1A, C), bound the galactose-specific BS-1-B4
isolectin (Fig. 1 B) and showed positive histochemical staining for alkaline
phosphatase enzyme.

For RCEC monolayers grown on Falcon 25 mm insert, 120 Wx¥cnT
transendothelial electrical resistance was obtained. The passage of 70 kDa
FITC-dextran was restricted through RCEC monolayer: 99.12 + 8.79

mg/cm /h vi. 655.80 + 12.37 mg/cm /h (n=6) in the case of cell-free filter
(Deli et ah, in press).

Effect of different sera and growth factors

Serum from fetal calf contains PDGF which stimulates fibroblast and
smooth muscle cell proliferation in addition to promoting endothelial cell
growth (Abbott et ah, 1992). In FCS containing medium CECs loose the
elongated, spindle-shape phenotype, the cells move away from each other
(Fig. 2 A) and pericytes become the dominant cell type. Pericytes appear as
large spreading cells with highly irregular edges which do not express FVIII
(Fig. 1C) (Shepro and Morel, 1993).

When the cultures were fed with bovine PDS which does not contain
PDGF the endothelial cells showed healthy, uniform phase-bright
appearance. RCECs were tightly packed against each other without
intercellular gaps (Fig. 2 B). Less contaminating cells could be found than in
those cultures which received FCS. There was also a difference in RCECs
number between the cultures which were treated with different sera. In the

presence of PDS we counted 962 + 65 cells/mtrf while in FCS containing

medium the cells grew more sparsely: 807 + 53 cells/mm .
From the second day on, basic FGF (Ing/ml) was added to the cultures,
which greatly improved the growth rate of the endothelial cells.
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Fig. 1 (A) Antibody against FVIII related antigen gives a punctuate staining in the perinuclear
zone in 5 day-old pure RCEC culture. Bar, 50 mm. (B) Bandeiraea simplicifolia isolectin B4

binding gives a perinuclear homogenous staining on endothelial cells. FIE counterstaining. Bar,
50 mm. (C) In a 7 day-old RCEC culture FVIIl-related antigen positive endothelial cell colony
is surrounded by not stained contaminating polygonal cells with processes which are probably
pericytes. Bar, 250 mm
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Fig. 2. (A) Primary RCEC in medium containing 20% FCS 6 days after plating. There are gaps
between the elongated endothelial cells that might be caused by contaminating cells, probably
pericytes. Bar, 50 mm. (B) Uniform RCEC monolayer without any other cell types at 6th day
in vitro in medium containing 20% PDS. The cells show the fusiform, elongated morphology
without intercellular gaps. Bar, 50 mm
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Contaminating non-endothelial cells / Complement killing

During the production of purified RCEC cultures contamination from
pericytes is the most frequent problem. Pericytes are elongated,
polymorphic, multibranched periendothelial cells of mesodermal origin
(similarly to the endothelium). In vivo they are integrated in the capillary wall
and wrapped by the basement membrane of the endothelium. They are
related to smooth muscle cells due to their content in contractile elements.
Pericytes play a role in the proliferation and differentiation of endothelial
cells, secrete vasoactive agents, release structural components of the
basement membrane. The endothelium and pericytes form a morphological
and functional unit (Shepro and Morel, 1993). Pericytes inhibit adrenal
capillary endothelial cell proliferation in vitro in a contact-dependent manner
and they became the dominant cell type in the culture. The activated
transforming growth factor b (TGFb) is the mediator of EC growth
inhibition. The co-cultures produce active form of TGFb while the separated
EC and pericyte cultures secrete latent TGFb which is activated by acidic pPI
(Olridge et al., 1989). We also observed that pericytes tend to overgrow
RCECs in long-term culture especially if the serum is not free from PDGF.

The optimal duration of enzymic digestion can keep the ratio of pericytes
and astrocytes to a minimum level. If the cells are digested for a longer
period or the enzyme solution is more concentrated, pericyte contamination
is decreased but single endothelial cells will appear instead of capillary
fragments. It turned out that single cells do not attach to the surface and do
not grow well in culture, possibly because they lack 'survival factors' from
their neighbours (Abbott et al., 1994). In contrast, if the basement membrane
is left intact by shorter digestion time pericytes can contaminate the culture.

Some of the contaminating non-endothelial cells, pericytes and astrocytes,
express Thy 11 antigen, whereas endothelial cells do not therefore, these
cell types can be removed by selective cytolysis using anti-Thy 11 antibody
and complement (Risau et al., 1990). We could considerably reduce the
number of contaminating cells (Fig. 3) resulting in more than 95% pure
RCEC cultures (Fig. 4 A). If non-endothelial cells were not removed in time,
they could overgrow the RCECs in a couple of days (Fig. 4 B). it is
important to find the optimal time-point for complement killing at each
culture. This depends on the ratio of CECs and pericytes and the absolute
number of the endothelium. If this treatment is done too early, we can kill
the young and weak endothelial cells, while later we cannot remove the
pericytes. We found that the optimal time is about 2-3 days after the plating
of the cells.
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Fig. 3. Complement killing. (A) Before the cytolysis the contamining cells look as multipolar
or round flat cells around or on the top of the endothelial cell clusters. (B) immediately after
the killing we can see only the shadows or the nucleus of the lysed pericytes and astrocytes,
sometimes the whole cell disappears during the process (Fig. 3 B)



Fig. 4. (A) RCEC monolayer 4 days after the complement killing. Bar, 50 mm. (B) RCEC
culture from the same preparation as A, but without any treatment at the same time-point.
Contaminating cells growing on the surface of the monolayer can be observed. Bar, 50 mm
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Several laboratories (Tontsch and Bauer, 1989, Dehouck et al., 1990,
Nagy and Vastag, 1994) described the cloning of endothelial cells to remove
the contaminating cell types and enrich the culture. Although this method is
suitable for porcine, murine, bovine and human brain microvascular
endothelial cells cannot be used for rat CECs. Primary RCECs cannot be
subcultured because the subclones are not viable and are not able to form
spontaneusly growing cell lines.

Reduction of the percentage of smooth muscle cells and fibroblasts in the
cell culture can be attained by careful removal of large vessels, meninges and
choroid plexus tissue during the dissection. These contaminanting cells, like
pericytes, grow faster then the endothelial cells do and can overgrow the
endothelium.

Angiogenesis

In some cases capillary-like structures may appear in the primary CEC
cultures. Experimental evidence suggests that perivascular astrocytes play an
important role in controlling the microvessel formation and growth in CNS
(Laterra and Goldstein 1993). Ling and Stone (1988) described that the
retinal vascularisation is coordinated by migrated astrocytes into the retina
from optic nerve. The role of special cell and matrix components (collagens,
laminin and fibronectin) interaction as well as some diffusible factors such as
TGFb, FGF has been recently identified in modulating angiogenesis. In
routine culture conditions the spindle-shaped endothelial cells form confluent
monolayers in the first 7-10 days in vitro. When the endothelial cells
differentiate into capillary-like structures they have real lumens, ramify and
may develop a network in the culture dish (Robinson et al., 1990) There size,
shape is similar to the capillaries seen in vivo and they secrete basement
membrane proteins (Laterra and Goldstein, 1993). In some primary cultures
of RCECs we could also observe capillary-like structures (Fig. 5 A, B).

Concluding remarks

The CECs lose the expression of differentiated functions during the culture
period. Adaptation to cell culture environment might cause changes in certain
properties of the cells. The tight junctions may be present but not assembled
into complex structures in cell culture. On the ‘filter model' - CEC
monolayers grown on porous membranes - they inhibit the passage of
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Fig. 5. (A, B) Capillary-like structures in 12 day-old primary RCEC cultures. Bar, 250 mm

13
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proteins but do not restrict the movement of smaller molecules and ions
(Bowman et al., 1983). The endocytotic capacity is elevated in vitro
(Rupnick et al., 1988). It has been observed by Goetz et al., (1985) that g
glutamyl transpeptidase and alkaline phosphatase activity may be lost with
increasing time in culture. The reason of these changes might be the absence
of associated cells (e.g., pericytes, astroglia, neurons). Many of the barrier
features lost during culture can be reinduced by co-culture with astrocytes
or by addition of astrocyte-conditioned medium (Jod, 1992) or neuronal
membrane fraction (Tontsch and Bauer, 1991). Intracellular cAMP elevating
drugs can further increase the tightness of the intercellular junctions and
decrease the permeability of the CEC monolayers for small molecular weight
substances (Rubin et ah, 1991, Deli et al., 1995)

The yield of rat CECs is relatively low as compared to that obtained from
bovine or porcine brain, but sufficient amounts of endothelial cells can be
obtained for Western-blot or PCR techniques (Deli et al., 1993, Krizbai et al.,
1995). Using the above described protocol, feeding the cells with special
serum and performing the complement killing of contaminating cells, we
succeded to obtain routinely the primary RCEC cultures in our laboratory
that are more then 95% pure, and are good for most biochemical and
molecular biological experiments

To study the structural, biochemical and physiological features of the
BBB, the primary CEC culture remains one of the best objects.
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VIRAL LABELLING OF SYNAPTICALLY CONNECTED NEURONS
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Summary. A method has recently been developed to study the neuroanatomical
connections in the brain by trans-synaptic tract-tracing via neurotropic viruses. Neurotrop
viruses injected into a peripheral organ or directly into the central nervous system are
transported axonally. Viruses are expressed in the infected neurons and they are transferred
through synapses to reach other neurons. Many research studies illustrate by
immunocytochemical detection of the viral proteins that the trans-synaptically
interconnected neurons can be visualized, in addition, their neurochemical character can be
identified. Thus, viruses could serve as a self-amplifying specific markers of connected
neurons along hierarchiai chains of functionally related circuits. Herein, we reviewed the
methodology of the neuroanatomical studies obtained with a member of a-herpes viruses,
the pseudorabies virus, frequently used in tracer studies in rats.

Keywords: tract-tracing, Aujeszky's disease virus, autonomic pathways, sensory
pathways, immunocytochemistry, electron microscopy

Introduction

Several tract-tracing methods have been developed to investigate neural
pathways in the central nervous system (CNS). One of the most recently
introduced techniques is the trans-synaptic labelling by neurotrop viruses. By
experimental infections of various organs with neurotrop viruses (i.e.,
viruses preferentially replicating in the nervous tissue) the injected virus
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progresses from the periphery to the brain with a rriechanism analogous to
the natural viral infection (Fig. la-c). The virus-infected neurons can be
visualized with routine immunocytochemical (ICC) techniques and this
method can be combined with neurochemical characterization of the
neurons. Initially, neurotrop viruses were injected into the nervous system to
study the mechanism of axonal transport (Kristensson et al., 1974), and
capability of viruses to influence the function of neurons (Dolivo et al., 1978,
for review see: Dolivo, 1980). In these classic neuroanatomical works,
Sabin's postulation (1937) about the specific, trans-synaptic propagation of
viruses has been confirmed. Later, this unique, circuit-specific, trans-
synaptic transport of virus through CNS has been demonstrated by several
investigators (Martin and Dolivo, 1983; Ugolini et al., 1987, Strack et al.,
1989). Recent electron microscopie investigations have also verified the viral
neuronal tract-tracing, and labelling of glial cells connected with the infected
neurons (Card et al., 1993). The molecular biology of the circuitspecific
infection of the CNS (Enquist, 1995), in addition, the replication and
assembly of pseudorabies virus in the CNS have recently been summarized
(Card, 1995). The methodology used for trans-synaptic viral mapping has
been previously reviewed (Ugolini, 1995). Herein, we reviewed the
methodology of the neuroanatomical observations obtained by application of
the most widely used neurotrop viruses, the pseudorabies virus strains
(PRV), in rats. Data obtained using other viruses and other animals are also
briefly mentioned.

TRANS-SYNAPTICAL VIRAL TRACT-TRACING: METHODOLOGY

A great variety of antero- and retrograde tracer substances have been applied
to study the neural pathways in the CNS. None of the classic tract-tracing
techniques, such as administration of neurotoxins (tetanus toxin fragments,
cholera toxin), lectins (Phaseolus Vulgaris), wheat germ agglutinin,
horseradish peroxidase and fluorochromes can be used for trans-synaptic
labelling. The unique property of viral trans-synaptic labelling is that the
signal is amplified by replication of the virus in the neurons of the specific
circuits (Fig. la-c). This property of the viral tract-tracing together with the
specific, trans-synaptic passage of viruses offers a powerful
neuroanatomical technique.
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Fig. 1 a-c. Schematic diagrams and an electron micrograph of a virus-infected neuron
demonstrating the principle of the viral labelling, a. The propagation of the virus at organ
levels. The virus, inoculated into the adrenal gland, is transported to the autonomic ganglion,
then to the intermediolateral cell column of the spinal cord, then to the brainstem and to
other areas in the brain. The virus can be labelled by immunostaining. b. The propagation of
virus at cellular level. The virus particles are taken up by the axon terminals then transported
to the perikaryon, and, following replication, assembly and sorting, they are released, c.
Replication, assembly, and sorting the viruses in an autonomic ganglion cell infected heavily
with Bartha's virus. Many nucleocapsids (arrows) are in the nucleolar part (n) of the cell. The
virus particles cross the nuclear membrane (empty arrows) and accumulate in the cytoplasm
(asterisks) before spreading into the dendrites
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Viruses usedfor tract-tracing studies

All families of viruses include some members that are able to invade the
nervous tissue. To date, one member of a-herpes viruses serve frequently as
tracers for transneuronal mapping studies: Aujeszky's disease virus
(Aujeszky, 1902; taxonomic name: suid herpesvirus 1, commonly used
name: pseudorabies virus [PRV]). Virulent strains of PRV are highly
neurotropic and produce lytic degeneration of neurons. Naturally, PRV
causes an infection in swine similar to that induced by herpes virus simplex
(HSV) in human (see for review Medveczky, 1993), but many different
laboratory and captive animals could be infected experimentally (Lomniczi,
1988). The several genomic variants of PRV strains used for
neuroanatomical mapping primarily in rats, are as follows, (i) The virulent,
wildtype PRV, most often Becker's strain (PRV-Be) is used for mapping the
neuroanatomical connections of the brain, (ii) The attenuated virus, Bartha's
strain of Aujeszky's disease virus was isolated in 1961 (PRV-Ba; Bartha
1961). It remains neuroinvasive but does not induce pronounced
neurodegeneration. It is a well-known strain that is used in veterinary
medicine as a vaccine to prevent Aujeszky's disease of swine (Lomniczi,
1985, 1990, Medveczky, 1993). (iii) The newly designed genetically
engineered strains, constructed with R-galactosidase expressing gene, could
be identified with an enzyme histochemical reaction (Loewy et al., 1991,
LeVatte et al., 1995; Sams et al., 1995), in addition to the immunostaining of
the viral and 3-galactosidase proteins (Jansen et al., 1995a). Countries such
as Canada, Great Britain and Australia have prohibited using PRV for
agricultural restrictions. Thus, HSV or attenuated strains of HSV (LeVatte et
al., 1995) or other virus strains are used for neuroanatomical studies in these
countries.

Uptake, transport, replication and specific trans-synaptic propagation of the
Auieszky's disease virus

The viruses use a strategy to invade neurons through cell surface receptors.
They enter the cell by receptor-mediated endocytosis and then, delivered to
the early endosomes. The virus escapes from the endosome by virtue of the
special properties of one of its envelope proteins. At the acidic pH of the
endosome, this protein causes the viral envelope to fuse with the endosome
membrane, releasing the bare nucleocapsid into the cytosol. Nucleocapsids
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containing DNA are transported to the cell nucleus (for review see: Alberts et
al., 1994). The transcription, i.e., replication of viral DNA, and assembly of
new capsids take place in the nucleus of the infected neurons (Figs Ic and
2a-c). The synthesis of viral gene products including the envelope proteins
continues in a coordinately regulated and sequentially ordered cascade-like
fashion (Roizman and Sears, 1990). The newly synthesized viruses are
released by exocytosis and invade the adjacent, synaptically connected
neurons (2nd-order neurons), are transported again to the perikaryon,
replicate, and infect the next neuron in the hierarchy, and so on (Fig. la-b).

Many indirect observations support the hypothesis that viruses spread
trans-synaptically. Electron microscopic investigations suggest that the
progression of the viral infection of neurons is trans-synaptic (Card et ah,
1993). In addition to neural infections, the glial cells which are connected
with the infected neurons, absorb the viruses and became infected.
However, the viral envelope proteins in glial cells are not synthesized, thus,
they do not participate in the virus infection chain reaction. The degenerating
neurons are finally phagocyted by microglial cells (Card et al., 1993). There
is a possibility to infect the nearby neurons in a non-specific manner (Jansen
et al., (1993), but in practice, virus particles have not been observed in the
extracellular space (Kristensson et al., 1974; Dolivo et al., 1978; Card et al.,
1993). Viruses are equally transported from subcutaneous, intraperitoneal, or
intramuscular inoculations to the CNS, although, with distinct pattern,
Gosztonyi et ah, 1992).

PRV is approximately 150 nm large, and it consists from a nucleocapsid
(@n electron opaque core of DNA surrounded by an icosahedral capsid-
protein) surrounded by a membrane envelope (see also Figs Ic and 2c). PRV
possesses 33 proteins, 9 of them are glycosylated, forming spikes on the
outer surface (for review see: Mettenleiter, 1991, 1994). The glycoproteins
of PRV have been designated as gl, gll, gill, gp63, gp50, gX, gH, gK, gL,
and they are homologous to the glycoproteins found in other herpes viruses
(called gE, gB, gC, gD, gl, gG and gH, gK, gL, respectively; Mettenleiter,
1991). Since 1993 the denomination of HSV and PRV proteins has been
unified and names used for herpesvirus proteins is now used for designation
of PRV glycoproteins, too. Viral structural proteins belonging primarily to the
late genes are expressed exclusively after DNA replication had taken place.
The envelope proteins mediate several steps in the virus-cell interaction,
some of them are essential for replication of viruses. The cell surface
receptor involved in binding of PRV to neuronal cell membrane has not been
identified yet, while it has been described that one of the envelope
glycoproteins, gC protein of PRV, interacts with cell membrane
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Fig. 2a-c. Electron micrographs of a part of the ipsilateral cervical superior ganglion of the
rat, 4 days following Bartha's virus injection into the right extraorbital lacrimal gland of rat.
The same section at different magnifications; arrows with v (virus) indicate the same virus
particle in all pictures, a. The infected ganglion cell is isolated by glial cells: empty arrowheads
indicate the surrounding glial processes. The nucleus (n) is disintegrated, b. The nucleus (n) at
higher magnification with many virus particles at different maturation state, c. Part of the
nucleus with many nucleocapsid (arrows) in close vicinity of a lamellar structure. Arrowheads
(also in Fig. b) indicate mature virions. The ganglion was processed by routine electron
microscopy
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proteoglycans carrying heparan sulfate chains (Karger and Mettenleiter,
1996). In genetically engineered strains, used for trans-synaptic tracing,
some genes of non-essential proteins have been altered to influence the
pathogenicity, neural passage of the virus, and/or to introduce a marker gene
to present a fast and simple identification of the virus (Loewy et al., 1991,
LeVatte et al., 1995).

Application ofAujeszky's disease virusfor neuronal tract-tracing

PRV has been injected into different peripheral organs of rats (Tables 1-4),
into discrete parts of the CNS (Table 5) peripheral ganglia (Spencer et al.,
1990; Jansen et al., 1995a,b), peripheral nerves (Li et al., 1992), muscles
(Martin and Dolivo, 1983; Rouiller et al., 1989; Rotto-Percelay et al., 1992;
Dobbins and Feldman, 1995) and white adipose tissue (Warren et al., 1996).
PRV is taken up by the nerve terminals and subsequently transported via
axoplasmic transport in an anterograde (e.g., by retinal ganglion cells: Card et
al., 1991), and retrograde manner to the perikaryon where viral replication
starts in the nucleus. Only few neuroanatomical studies have described the
intrinsic brain connections by viral tract-tracing (Table 5). These
observations suggest that the mechanism of intracerebral viral progression is
similar to that observed in the peripheral organ infections. Namely, the virus
particles are taken up by the axon terminals and glial cells participate in
isolating the infected neurons. However, the viral concentration seems to
influence more profoundly the number of the infected neurons (Park et al.,
1996).

Animals as hosts, and symptomsfollowing viral infection of CNS

Predominantly, rats were used for experimental studies with PRV. Rats are
fairly resistant to infection, thus relatively high dose of wildtype PRV (about
106 plaque-forming units, PFU) and the presence of mucosal lesions are
required for successful oral infection (for references see: Lomniczi 1988).
Younger rats (one-day to one-week old) are more susceptible to PRV
infection (Fraser and Ramachandran, 1969). Rats infected experimentally
with the virulent virus strain die within 2-3 day, apparently from respiratory
arrest. They develop symptoms, including pruritus, in few hours before
death (Aldasy and Maté, 1969, Dolivo et al., 1978, Card et al., 1991).
Administration of small dose (<1000 PFU) of attenuated strains may not
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compromise the health of rats (Strack and Loewy,.1990), or, by applying
higher dose, the animals may develop signs of infection later and die 5-6
days after the inoculation (Card et al, 1991). In our studies applying Bartha's
strain of PRV, we observed tachypnoea, weight loss, rarely pruritus after
inoculation of Bartha's virus into the extraorbital lacrimal gland or the adrenal
gland. Applying 10 PFU for inoculation, these symptoms began on the third
postinoculation-day, intensified on the day 4, then most of the animals of
virus-injected into the lacrimal gland, became lethargic, others with
intraadrenal inoculation became aggressive.

Detection ofvirus-infected neurons

Immunocytochemistry (ICC). The virus particles can be visualized by light
microscopic ICC techniques as immunoperoxidase and immunofluorescence
techniques, or by in situ hybridization histochemistry (Table 1; Sur et al.,
1995) using paraffin-, cryo- or vibratome sections. Antibodies against PRV
proteins for immunocytochemistry are not commercially available at present,
but may be obtained from a number of laboratories. The nucleus, the first
site of accumulation of viruses in the infected neuron is always stained (Figs
3a-c and 4c), however, with varying intensity. As the viral infection
progresses immunostained glial cells could be seen around the infected
neurons (Figs 3a and 4c). More details are given in the Appendix (for
additional review see: Ugolini, 1995).

Jansen and co-workers have described a double-virus transneuronal
labeling technique by using two different genetically engineered forms of
PRV-Ba (1995a). Each strain has been constructed to express a unique
marker antigen that could be identified with different antibodies in the
infected host cells. Using this technique a set of the central autonomic
neurons projecting to the heart and also to the adrenal gland has been
identified (Jansen et ah, 1995a).

Double-immunocytochemistry ~ should be  applied to  phenotypic
characterization of the virus-infected neurons, in addition, to neurochemical
characterization synaptic connections of the infected neurons. Double or
triple light microscopic immunostaining for phenotypic characterization of
the virus-infected neurons have successfully been applied (Haxhiu et al.,
1993; Strack et al., 1989; Papka et al.,, 1995, Sams et al, 1995).
Furthermore, viral trans-synaptic tract-tracing can be combined with
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Fig. 3a-c. Immunoperoxidase labelling of different types of virus infected neurons in the CNS,
3 days following injection of Bartha's virus into the lacrimal gland of the rat. a: Small neurons
(n) form a network in the lateral hypothalamic area, ipsilateral to the site of viral injection.
The glial cells (g), around the infected neurons are heavily labelled, too. b and c: Larger,
possibly catecholaminergic neurons (n) in the A5 area. Note the different stages of infection,
i.e., some of the neurons are fully packed with viruses, some of them are lightly labelled,
displaying Nissl-like staining. The dendrites (d) of some neurons are more intensely stained
than the perikaryon. Vibratome sections, polyclonal antiviral antibody (code # 134) staining,
ABC technique
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antero- and retrograde tracing (Blessing et al., 1991; Papka et al., 1995, see
also in Tables 3 and 5; Leak et al., 1996). In certain conditions colchicine
treatment of the animals has also been employed to enhance the
immunostaining of neurotransmitters in the neuronal perikarya (Strack et al.,
1995, Lynn et al., 1996).

Enzyme histochemistry is a recent development in the methodology of viral
tract-tracing. It is based the on the insertion a marker gene, LacZ gene, also
called reporter gene, into the viral genome. The LacZ gene codes for the
enzyme R-galactosidase which enzyme is then expressed in the infected cells.
Thus, the infected cells can be detected by a simple histochemical reaction,
both at light and electron microscopic levels (Loewy et al., 1991).

Electron microscopic analysis of virus infected neurons is very sensitive
method to investigate the propagation of the virus in the CNS since even a
few virus particles can be readily seen. However, sporadic virus-infected
neurons are difficult to find in the absence of immunolabelling. The fine
structural characteristics of the different stages of viral replication have been
reported (Kristensson et ai., 174; Dolivo et al., 1978; Levine et al., 1994,
Card étal., 1993). A systematic electron microscopie study has described
the prominent role of astrocytes and microglia in the restriction of virion
diffusion from the infected neurons (Card et al., 1993; see also Figs 2a-c).

Kinetic ofpropagation ofvirus in the CNS

The synthesis of viral gene products proceeds in a cascade like fashion
(Roizman and Sears, 1990). The first sign of the viral infection observed by
immunostaining of the viral proteins, is the neuronal nucleus, later the
perikaryon then the proximal part of dendrites, finally the full extent of
dendritic tree and the axon (Ugolini, 1995). There are 3 stages of infection
with PRV: (i) an early stage with manifest infection of the first-order
neurons, and perhaps a few second-order neurons; (ii) a middle stage, with
prominent infection of second-order neurons, in addition to that of the first-
order ones, and a few third-order ones; and (iii) a late stage with the
prominent infection of the third- and fourth-order of neurons, in addition, the
more advanced degenerative changes of the first and second-order neurons.
Thus, as the viral infection progresses, more and more neurons (and also
glial cells) are infected at all levels of the hierarchy. The early stage is
confined to approximately 18-24 h or 42-48 h postinoculation time in the
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case of wild type and attenuated PRV strains, respectively. The middle stage
of infection is about 36 h or 68-74 h with wild type and attenuated PRV
strains, respectively. The late stage is about 43-47 h or 90-96 h with virulent
and attenuated PRV strains, respectively. The earliest detection time of virus-
labelled neurons is dependent on the technique applied, electron microscopy
is being the most sensitive, however, difficult to apply. The propagation time
greatly varies with the different type of nerve fibers, and it is inversely
correlated with the diameter and the length of the nerve fibers (Ugolini et al.,
1992; Jasmin et al., 1994; Ugolini, 1995). The glial cells, including astrocytes
and microglia form a barrier around the infected neurons. They are defective
for synthesis of viral envelope proteins, thus mature virions here could not
be developed (Card et al., 1993). The infected neurons eventually degenerate
and are phagocyted by microglial cells (Card et al., 1993). The kinetic of
virus infection implies that the analysis of virus infected neurons with a well-
defined time course is critically important to the interpretation of the data
(Card et al., 1991; Rinaman et al., 1993; Ugolini et al., 1987; Ugolini, 1995).

Modification ofviral transport in the CNS

Asynchronous spreading the virulent and attenuated PRV strains from the
vitreous body to the visual relay center (Card et al., 1991; 1992; Table 1), or
from the cardiac ventricle to the dorsal vagal nucleus (Standish et al., 1991)
has been reported. Bartha's strain induces less pronounced neuropathological
changes, while dense degeneration of infected neurons could be observed in
the animals infected with the virulent wild type PRV (Card et al., 1993).
Recent microbiological studies with recombinant strains of PRV, confirm the
previous assumption of Card and co-workers (1992), and give an
explanation: the deletion of glycoprotein gE reduces the propagation of PRV
in the CNS (Babic et al., 1996; Mulder et al., 1994; 1996). The attenuated
strain (PRV-Ba) is negative for gE (i.e., gl) envelope protein. Thus, Bartha's
strain or other, genetically engineered strains negative for gE proteins
(Standish et al., 1991) seem to be an advantageous genomic variation with
reduced propagation and diminished neurodegeneration properties. The
reduced propagation and/or the impaired ability to induce a variety of
cytokines contributing to the neuronal cell death may be responsible for the
diminished neurolytic effects of viruses with the above mentioned genomic
changes.

Reportedly, the administration of colchicine, a known inhibitor of
axoplasmic transport, might delay the propagation of virus infection by wild
type PRV up to 3 days (Dolivo, 1980). Sympathectomy or vagotomy have
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been applied to influence the population of the labelled neurons (Jansen et al.,
1992; Loewy and Haxhiu, 1993; Loewy et al., 1994). Transection, or ligation
of the neurons of the neuraxis investigated is an evident experimental control
to reveal the specificity of the method (Wesselingh et al., 1989; Li et al.,
1992; Nadelhaft and Vera, 1995; Standish et al., 1995).

VIRAL TRACT-TRACING DESIGN FOR MAPPING NEURAL
CIRCUITS

PRV strains have been used to study sensory pathways, even in the very
first tract-tracing studies (Table 1) and for mapping the visceromotor (Table
2) in addition, the visceral neuraxis (Table 3). One endocrine organ, the
adrenal gland, has been particularly extensively studied via viral labelling,
therefore, related data are summarized separately (Table 4). We also
tabulated the few intracerebral application of viral tract-tracing (Table 5).

Table 1 Viral labelling the sensory neuronal circuits

Virus Virus Organ PIT (h) Detection of Rat Refs
dose injected virus and strain
(PFU) neurotrans-
mitters
PRV 107 Eye chamber 18 - 24, PRV w EM n.a. Dolivo et al.,
36, 43. 47 PRV w IFL 1978
PRV-Be 105 Eye early PRV w ABC S-D Levine et al.,
PRVO1 late 1994
PRV-Ba
PRV-Be 106 Intravitreal 51-81 PRV w IPO S-D Card et al.,
PRV-Ba 74 - 122 1991;
Moore et al.,
1995
PRV-Ba 102 - 104 Eye chamber 96 PRV w IFL S-D Sams et al.,
BalLacZ and ChAT w 1995
IFL
PRV n.a. Nasal epithel 24 - 72 PRV w ABC S-D Sur et al., 1995
PRV w ISH

Abbreviations: ABC: immunoperoxidase staining with avidin-biotin complex; AChE:
acetylcholinesterase; ChAT: choline acetyl transferase; B-GAL: R-galactosidase enzyme; DA:
dopamine; DBH: dopamine-R-hydroxylase; EH: enzyme histochemistry; EM: electron
microscopy; FG: fluorogold; 5-HT: serotonin; HSV: herpes simplex virus; HSVlacZ: HSV
expressing LacZ gene; ICC: immunocytochemistry; IFL: immunofluorescence; IPO:
immunoperoxidase; ISH: in situ hybridization; LM: light microscopy; MERGL: methionine
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enkephalin Arg-Gly-Leu; na: not applicable; NMDAR: NMDA receptor; NOS: nitric oxide
synthase; NP-Y: neuropeptide Y; OXY: oxytocin; PFU: plaque-forming units; PIT: post-
inoculation time period; PNMT: phenylethanolamine-N-methyltransferase; PRV: pseudorabies
virus; PRV-Ba: Bartha's strain of PRV; PRV-Ba-gcKA and PRV-91: genetically engineered
strains of PRV; PRV-BalLacZ: PRV-Bartha with R-galactosidase expressing gene PRV-Be:
Becker's strain of PRV; S-D: Sprague-Dawley; SOM: somatostatin; SP: substance P; TH:
tyrosine hydroxylase; TRH: thyrotropin releasing hormone; VIP: vasoactive intestinal
peptide; w. with; WIS: Wistar

Table 2. Viral labelling of visceromotor circuits

Virus Virus Organ PIT (h) Detection of Rat Refs
strain dose injected virus and strain
(PFU) ncurotrans-
mitters
prv-Ba 7xI07 Laryngeal 90 PRVwIPO S-D Fay et ah, 1993
muscle
prv-Ba 4xI03 Tracheal 96 PRVWABC; S-D Haxhiu et ah,
muscle PRV w IFL 1993
and 5HT w
IFL and
PNMT w IFL
PrRv-Ba 105 Pharyngeal 48 - 52 PRVWABC S-D Barett et ah,
muscle 57 - 62 1994
Esophageal
muscle
PRvV-Ba 106 Esophageal 60 - 65 PRV w IFL S-D Broussard et ah,
muscle and NMDAR 1995
w IFL, NOS
w EH

Abbreviations see in Table 1 Notes: * sup. cervical ggl. removed; ** with sympathectomy
Comments

With a new tract-tracing method, by viral labelling, used in combination with
other neuroanatomical techniques, the synaptic architecture of the brain can
be further explored. Neurotropic viruses serve as self-amplifying specific
markers of synapticaily connected neurons along hierarchiai chains of
functionally related circuits. All components of the neuraxis, including
sensory, motor and visceral nerves could be infected with viruses in a
hierarchiai order. Glial cells have a role in isolating the infected neurons,
thereby ensuing circuit specificity. As the viral infection proceeds more and
more neurons and glial cells are involved at all levels of hierarchy. Therefore,
analysis of viral transport in a well-defined temporal window is essential in
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appropriate interpretation of the circuit related viral labelling. All the available
data suggest that the use of PRV as a tracer not only enables confirmation
and classification of previous reports on the neural circuits but provides
further insight into the synaptology of the brain. Furthermore, in combination
with the knowledge of the neural plasticity, trans-synaptic viral tracing could
became the basis of gene therapy in neurological diseases (for recent review
see: Kéarpéti et al., 1996).

Table 3. Viral labelling of viscerosensory pathways

Virus Virus Organ PIT (h) Detection of Rat Refs
dose injected virus and strain
(PFU) neurotrans-
mitters
PRV 3x103 Cardiac 96 PRV w ABC WIS Ter Horst et al.,
muscle 1993
prv-Be 5x10s Cardiac 29 - 72 PRV wABC WIS Standish et al.,
PRVO1 ventricle 51 -78 and 1995
PRV-Ba 34 - 127 R-D
prv-Ba 1000  Pancreas* 96 PRVwIFLand TH S-D Loewy and
w IFL, DBH w IFL, Haxhiu, 1993;
PNMT w IFL Loewy et ah,
1994
PRvV-Ba 100 Kidney 72 PRV w ABC S-D Schramm et al.,
1993
prv-Ba 1000 Urethra 56 - 72 PRV w ABC S Vizzard et ah.
78 - 96 THw ABC 1995
PrRvV-Ba 106 Bladder** 48 - 72 PRV w ABC; AChE S-D Nadelhaft et ah,
96 w ICC, ChAT w 1992; Nadelhaft
ABC and Vera, 1995
pPrRv-Ba 10J Penis 93 - 97 PRVwWABC PRVw S-D Marson et ah,
IFL, 5 HT w IFL, 1993
DA w IFL
PRV 104 Uterus 96 PRV, FG, ChATw S-D Papka et ah.
IFL; NOS w ABC 1995
PRV-Ba 104 Clitoris 96 PRV w ABC S-D Marson et ah,
1995

Abbreviations see in Table 1 Note: * with C8 transection; ** with transection of pelvic and
hypogastric nerves

Appendix

Inoculation of viruses. Pseudorabies virus (PRV) is classified as a
biohazardous agent and must be handled accordingly. In viral labelling
studies multiple inoculation of small volume, i.e., 0.1-10 ml of 10 -10 plaque-
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forming units (PFU) of the live, virus suspension (see also Tables 1-5) has
been applied via a Hamilton syringe, with or without a glass micropipette
attachment. Condition of storage of virus is important. PRV should be
aliguoted in small volumes (200 ml) and stored at -70°C. PRV is sensitive to
the fluctuations in temperature. In order to achieve maximal infectivity, high
concentration and high dose of virus per injection is required. In our studies
PRVBa viruses were cultured in pig kidney fibroblast (PK15), harvested in
Dulbecco’'s modified minimum essential culture medium and stored at -70°C,
at 109 plaque forming unit concentration (PFU/mI; Boldogkdi et al., 1996).
Before inoculation the viruses were quickly thawed to 37°C in a water bath
then kept at 4°C between inoculation into the animals.

Table 4. Viral labelling for studies of the innervation of the endocrine organs (injected organ:
adrenal gland)

Virus strain Virus PIT (h) Detection of virus Species Refs
dose and neurotrans-
(PFU) mitters
PRV-Ba 100 96 PRV wABC orPRV  rat/S - Strack et al., 1989
w IFL and *TH, D.
PNMT, NPY, 5
HT, SP, VIP. TRH,
SOM, MERGL w
IFL
PRV-BalacZ 1000 96 R-GAL w EH (LM Loewy et al., 1991
and EM)
PRV-BalLacZ 1000 96 PRV w IFL or R- rat/S - D Jansen et al., 1993,
BagcK A GAL (EH) and 1995a

PNMT, TH, 5-HT,
ChAT, OXY w IFL

HSV-1 100 72 HSV wIPOand TH rat/Fisc  Wesselingh et al.,
w IFL and PNMT w  her 1989
IFL
HSV-1 105 72 - 120 HSV w ABCorHSV  rabit Li et al., 1992
w IFL
HSV-1 1000 72 HSV w IFL hamster Joshi et al., 1995
HSV/HsViacz <1000 72 HSV w IPO or B- hamster LeVatte et al.,
GAL w EH 1995

Abbreviations see in Table 1 Notes: * Colchicine pretreatment for detections of all
neiyotransmitters by Strack et al. (1989)
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Table 5. Viral labelling of intracerebral neuronal connections

Virus Virus Cerebral PIT Methods wused Rat Refs
strain dose area (h) for dctccion of strain
(PFU) injected viruses
HSV <304 Neostriatum 72 Electron S-D Bak et al.,
96 microscopy 1977
HSV w IPO
HSV-1 100 Cervical vagus 72 HSV WABC; FGw Fischer  Blessing et al.,
(FMC-1) FL; HSV and 5- 1991
HT, TH, PNMT
wIFL
Adcnovi-  25xI06  Striatum 96 R-galactosidase w  S-D Kuo et al..
rus-Ad. EH 1995
RCVUgal
PRV-Ba 1.4x105  Striatum 50 ICC rat Park et al.,
1996
PRV 14X106 Hippocampus 36 ICC S-D Styren et al.,
1996

Abbreviations see in Table 1

Detection of virus-infected neurons: immunohistochemistry. In our
experiments, Hannover-Wistar and Sprague-Dawley rats, both male and
female, with 160-430 g body weight, were anesthetized with Ketamine (85
mg/kg) and Xylazine (12 mg/kg) prior to surgery. The left adrenal or the
right extraorbital lacrimal gland was exposed and injected slowly with 10
PFU Bartha's strain of pseudorabies virus in 2x5 and 2x10 ml quantity,
respectively. The syringe was kept in situ for about 5 min after each
inoculation of the virus suspension. Two, 3, or 4 days following the surgery,
the rats were anesthetized and following intracardial injection of 0.2-0.3 ml
heparin, perfused transcardially with approximately 50 ml phosphate buffer
(PB, 01 moal/l, pH: 7.4) followed by 250-300 ml fixative A (4%
paraformaldehyde and 15% saturated picric acid in 0.1 mol/1 PB at pH 7.4)
for immunoprocessing of free floating cryosections; or fixative B (4%
paraformaldehyde in 0.1 mol/1 PB, at pH 7.4) for immunoprocessing paraffin
embedded/deparaffinated sections, or fixative C (fixative B containing 0.05%
glutaraldehyde) for immunoelectron microscopy on vibratome sections. The
glands inoculated with the 12 virus, the autonomic or sensory ganglia,
appropriate segments of the spinal cord, in addition, the brain areas identified
with a brain map (Palkovits and Brownstein, 1988) were removed. The
samples were fixed in the same fixative for further 1-3 hours, or kept in a
diluted fixative A solutions (1:4) until sectioning (from 1day to 1-2 months).
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The injection side of tissue blocks was marked with a needle, or by incision
(spinal cord), then the blocks were infiltrated with 30% saccharose in 0.1
mol/1 PB, overnight and if necessary embedded in gelatine (i.e. the small
superior cervical ganglion) prior to making 50 mm thick cryosections.
Following thorough washing in PB (3x10 min), the sections were
permeabilized with 0.5% Triton X-100 in PB for light microscopic, or
permeabilized by repeated freeze-thawing in liquid nitrogen for electron
microscopic (EM) immunoprocessing. After washing in PB for 3x10 min,
the sections were treated with 3% hydrogen peroxide in methanol for 20 min
to inhibit the endogenous peroxidase. Following washing in PB for 3x10 min,
the sections were covered with 10% goat non-immune serum for 20 min,
for blocking the non-specific protein blocking sites. After a brief rinsing in
PB, they were incubated with the antiviral antibody (1:5000, raised in rabbit,
courtesy of R.R. Miselis, see for reference Card et ah, 1990) for 24-48 h.
Then, the sections were washed again in PB for 3x10 min, incubated with
the secondary, biotynilated antibody (1:600, anti-rabbit 1gG, raised in goat,
Vector Laboratories, Burlingame, CA, USA) for 1 h, washed again in for
3x10 min and incubated with ABC peroxidase complex (Vectastain Elite
ABC-kit, Vector, USA) for 1 h. The immunoperoxidase reaction was
developed using 0.02% 3,3'-diaminobenzidine tetrahydrochloride (DAB,
Sigma) as a chromogen and 0.003% hydrogen peroxide, in 0.05 mol/l Tris-
HC1 buffer, at pH 7.4. In most of the cases the DAB reaction was intensified
with ammonium nickel sulphate (DAB-Ni, Figs 3a-c and 4 a-c). All reactions
were performed at room temperature but the primary antibody was
incubated at 4 °C. In some experiments peroxidase conjugated mouse
monoclonal antibody, directed against the gll viral protein (code: 1/7, or
11/89, courtesy of Morenkov, see for references Morenkov et ah, 1994)
were used in combination with immunostaining of other primary antibodies
against neurotransmitters, also raised in rabbit. The sections were mounted
on gelatine-coated slides, and after drying, briefly rinsed in toluol then
covered with depex. Each of the light microscopic immunoprocessing
techniques applied have their own advantages: (i) the cryosectioning is fast;
(if) the vibratome sectioning can be easily processed for further EM study;
(iii) by paraffin embedding the long-term storage of tissue before processing
is possible. No appreciable differences in viral labelling by various methods
could be observed. Our preliminary results have been presented (Téth et ah,
1996). Vibratome sections for EM studies were processed to epoxy resin by
a routine procedure (Vizi et ah, 1993).
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b 'V
Figs 4a-c. Light micrographs of virus-labelled neurons in the paraventricular nucleus of
hypothalamus, 3 days following injection of Bartha’s virus into the lacrimal gland of rat. a
The viral labelling is bilateral, with ipsilateral dominance, b and c: A network of infected
neurons can be observed at higher magnification. Empty arrows show the same groups of
neurons in every picture, c: Note the different stages of infection, some neurons (N) are

lightly stained, many are filled with viruses, glial cells (G) around some infected neurons are

labelled, too. Vibratome sections, polyclonal antiviral antibody (code # 134), ABC technique,
v: 3rd ventricle
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Negative andpositive control experiments

Omitting the primary antibody is a commonly used negative control for
immunostaining. Immunopositive areas of the brain of successfully infected
animals may serve as positive controls for immunostaining, since the
immunoreactivity can be preserved for a long time (in 0.1 mol/l PB
containing 0.001% Na-azid). Negative control experiments include surgical
procedures to ligate or transect the nerves innervating the investigated
organs. Positive control experiments involve comparison of traditional
tracers to PRV spreading in monosynaptic pathways (Leak et al., 1996, for
review see Ugolini, 1995).

Kinetics ofvirus propagation, interpretation of data

The viral infection progresses both at the actual and the previous levels of
the hierarchy of the infected regions. In our experiments viral
immunostaining of a few first-order neurons in the autonomic (superior
cervical) and sensory (Gasser's) ganglia were observed ipsilaterally to the
site of the injection, at 42-44 h following inoculation of the PRV-Bartha virus
into the lacrimal gland of rat. By 71-74 h postinoculation time the number of
viral labelling slightly increased in ipsilateral ganglia. By 96 h postinoculation
time many infected neurons in ipsilateral superior cervical ganglion was
observed by EM study (see also Figs 2a-c). Second-order labelled neurons in
the thoracal 1-2 segments of the spinal cord were detected 71-73 h following
the virus injection. By 96 h postinoculation time many labelled cells appeared
in the other upper thoracal segments, with ipsilateral dominance. Many third-
order labelled neurons were observed in the paraventricular nucleus of
hypothalamus at 72 h postinoculation, ipsilaterally to the site of injection
(Figs 4a-c). The progress is dependent on the diameter of the fibers and the
type of the neurons involved. Colchicine pretreatment, applied prior or
following the virus inoculation may influence the viral labelling of neurons
(Dolivo, 1980; Strack et al., 1989; Lynn et al, 1996). For exact
interpretation of the viral labelling of a neuronal circuit all known synaptic
connections have to be investigated at different time intervals.
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STUDIES ON THE MECHANISM OF ACTION OF RGH-5002, A
CENTRALLY ACTING MUSCLE RELAXANT, USING WHOLE CELL
PATCH CLAMP TECHNIQUE

Bielik, N., Farkas, S. and Kocsis, P.

Pharmacological Research Centre, Gedeon Richter Ltd.,
H-1475 Budapest 10, P.O. Box 27, Hungary

RGH-5002 is a centrally acting musle relaxant compound developed by
Gedeon Richter with an inhibitory action on spinal reflexes. Its chemical
structure and pharmacological profile resemble that of tolperisone with slight
differences. Previous electrophysiological studies suggested a presynaptic
inhibitory effect (on transmitter release from primary afferents). In order to
elucidate the mechanism of this action the effect of RGH-5002 on the
voltage sensitive sodium channels of dorsal root ganglion (DRG) neurons
were studied using whole cell patch clamp technique.

In agreement with the literature [1, 2] we found that at least two distinct
sodium channel subtypes are present in the DRG cells, i.e. a tetrodotoxin
sensitive (TTX-S) and a tetrodotoxin resistant (TTX-R) subpopulation,
which are different not only in their pharmacological sensitivity but also in
activation-inactivation kinetics and voltage dependence of steady-state
current availability. RGH-5002 attenuated both the TTX-S and the TTX-R
currents. It decreased slightly the maximal current measured at high negative
holding potential but depression of the current was more prominent at the
declining part of the steady-state inactivation curve. RGH-5002 dose-
dependently (10-160 pM) shifted the normalized steady-state inactivation
curve to hyperpolarized direction yielding IC50 values between 22.3 pM
(TTX-S, holding: 70 mV) and 85.4 pM (TTX-R, holding: 80 mV) depending
on the experiment conditions (see Figure 1). The effect of RGH-5002 proved
to be not use-dependent.
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m  Control (half maximal point: 75 mV)
$ 40pM RGH-5002 (half maximal point: 83 mV)

TTX sensitive DRG cell

Time (min)

Fig. 1 A: Effect of RGH-5002 on the steady-state inactivation curve
in TTX-S DRG neurons; B: Inhibitory effect of TTX and RGH-5002
on TTX-S sodium currents
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In conclusion, an inhibitory effect of RGH-5002 on voltage sensitive
sodium channels of primary afferentes seems to be involved in its
mechanism of action. The results suggest that RGH-5002 may potentiate the
physiological GABA-A mediated presynaptic inhibition.
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DENERVATION SUPERSENSITIVITY: SPREADING RECEPTORS?

Csillik, B.,LCsittik, A.E.2and Knyihar-Csilttik, E.2

'‘Bay Zoltan Institute for Biotechnology, Szeged, Hungary and
department of Clinical Neurology, Albert Szent-Gydrgyi University Medical School,
Szeged, Hungary

Since denervation supersensitivity of striated muscles has been traditionally
ascribed to the spread of nAChR on the extrajunctional surface area of the
muscle fiber (Axelsson and Thesleff, 1959; Miledi, 1960), we have
attempted to locate NAChR in mammalian neuromuscular junctions (NMJ)
under normal conditions and after transection of the related motor nerve. For
the immunohistochemical localization of nAChR, we used biotinylated a-
bungarotoxin (a-BTX, Molecular Probes, Inc., USA.). It has been proved
that a-BTX binds to the (a7 subunit of the nAChR (Schoepfer et al, 1990;
Clarke, 1992).

Experiments were performed on 22 young adult rats (200-250 g body
weight) in accordance with the European Communities Council Directive
(November 24, 1986; 86/609/EEC), and the Albert Szent-Gyorgyi University
Medical School Guidelines for Ethics in Animal Experiments. Animals were
anesthetized by i.p. chloral hydrate (0.6 g/kg) and subjected to transcardial
perfusion fixation with Zamboni's picric acid-formaldehyde solution,
supplemented with 0.1% glutaraldehyde, preceded by a brief flush of 125 ml
0.1 M phosphate buffered saline, pH=7.4 at room temperature.

Correspondence should be addressed to:
Bertalan Csillik, M.D., Ph.D.

Bay Zoltan Institute for Biotechnology,

H-6726 Szeged, P.O. Box 2337, Hungary
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After perfusion, the flexor digitorum brevis muscle was excised and
postfixed in glutaraldehyde-free Zamboni's solution for 24 hours. For light
microscopy, 30 Tjm thick frozen sections were obtained; for electron
microscopic pulposes, 50 rjm thick vibratome sections were used. Sections
were incubated in the primary serum (1 :2000) according to the free-floating
technique.The immunohistochemical reaction was visualized with diamino
benzidine. Specificity of the antiserum was controlled by incubation of
sections in antiserum-free normal goat serum, or by pre-absorption of the
antibody with ocBTX prior to incubation. For electron microscopy, vibratome
sections were osmicated after immunohistochemical demonstration of
nAChR, applied to slides pre-treated with Liquid Release and flat-embedded
in Epon. Relevant parts of the sections were excised under light microscopic
control and applied to pre-polymerized Epon blocks. Ultrathin sections were
obtained on an LKB ultrotome using diamond knifes, stained with uranyl
acetate and lead citrate and studied on a JEOL JEM 1010 and Zeiss CEM 902
transmission electron microscopes. Transection of the sciatic nerve was
performed under sterile conditions in chloral hydrate anesthesia (0.4 g/kg
body weight) in the upper half of the thigh. In order to prevent regeneration,
1cm length of the nerve was removed and the transection was repeated on
the 30st and 60st day after the initial surgery.

Fig. 1 Localization of nACnR in the subneural apparatus of a neuromuscular junction in the
flexor digitorum brevis muscle of the rat. x 1000

Fig. 2: Shrinkage and beginning fragmentation of nAChR-immunoreactive subneural
apparatuses, one month after denervation, x 1000

Fig. 3: Electron microscopic localization of nNAChR in a neuromuscular junction of the flexor
digitorum brevis muscle of the rat. A: axon, containing synaptic vesicles; JF: junctional folds.
Arrow points at the primary post-synaptic membrane. Small arrows indicate transition
between the immunoreactive ‘crest' of the primary post-synaptic membrane and the non-
reacting secondary post-synaptic membrane which constitutes the junctional folds.

Fig. 4: Electron microscopic localization of nAChR in a neuromuscular junction of the flexor
digitorum brevis muscle of the rat, one month after denervation. dA: remnants of the
degenerated axon; JF: junctional folds. Note that nearly the entire extents of the secondary
post-synaptic membrane, constituting the junctional folds, are loaded with nAChR.
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Under the light microscope, biotinylated a-BTX visualizes structures
seemingly identical with Couteaux's (1947) subneural apparatus (SNA) of the
NMJ (Fig. 1.) In contrast to acetylcholinesterase specimens (Csillik, 1965)
however, the outlines of the SNAs displaying nAChR immunoreactivity are
completely smooth since the 'organites’, the light microscopic equivalents of
the junctional folds fail to react (Csillik, 1997).

At the level of electron microscopy, a-BTX outlined the primary post-
synaptic membrane of the neuromuscular junction i.e. the crests of the
junctional folds (Fig. 3). The secondary post-synaptic membranes, i.e. the
junctional folds did not exert any reaction. The transition between the
intensely reacting primary post-synaptic membrane and the immunoreaction
free secondary post-synaptic membrane is clearly demarcated.

Eleven days after transection of the sciatic nerve, nAChR
immunoreactivity of the post-synaptic membrane was not different from the
pattern observed under normal conditions. Thirty days after transection of
the sciatic nerve, the SNAs exhibiting nAChR immunoreactivity displayed
signs of shrinkage (Fig. 2); at 60 and 75 days postoperatively, some of the
SNAs undergo fragmentation. An important aspect of the denervated SNAs
is their increased nAChR immunoreactivity. According to densitométrie
determinations, intensity of nAChR immunoreaction of denervated SNAs is
16 to 2.1 times higher than that of control samples. There was no sign of
spreading of nAChR immunoreactivity over the sarcolemmal surfaces of
denervated muscle fibers during the entire postoperative period.

At the level of electron microscopy, denervated SNAs are characterized by
spreading of the increased nAChR immunoreactivity to secondary synaptic
membranes, filling the depths of the junctional folds. Also the secondary
synaptic clefts as well as what remained of the primary synaptic cleft, are
filled with the end product of the immunohistochemical reaction (Fig. 4).
There could not be seen any spreading of the receptors, however, on the
surface of the muscle fibers.

DISCUSSION

In the present experiments, there could not be observed any sign of
spreading of nAChR over the surface of denervated muscle fibers. This is in
accord with the results of earlier light microscopic studies (Lentz et al,
1977). Electron microscopy proves, however, that the denervated muscle is
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characterized by an entirely different, topical spreading of the receptors
which is not extrajunctional, rather subjunctional, since it is directed against
the depths of the junctional folds. Therefore, it appears that, at variance to
the generally accepted theory, denervation supersensitivity of the muscle
might be rather due to the increased amount of local NnAChRs resulting in
increased sensitivity of the denervated end-plate region as suggested more
than fifty years ago by Kuffler (1943).

Survival of nAChRs and their increasing amount for at least 2 1/2 months
after denervation, long after motor axon terminals containing calcitonin gene-
related peptide (CGRP) have disappeared from the muscle, is striking. It
seems to suggest that CGRP, which has been regarded to be responsible for
the regulation of the biosynthesis of the a subunit of nAChR (New and
Mudge, 1986; Fontaine et al, 1986) and for the increased steady-state level
of nAChR-mRNA (Changeux et al, 1992), is not indispensable for the
maintenance of the receptor.
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IMMUNOREACTIVE GLUTAMATE IN THE PINEAL AND
PARAPINEAL ORGANS OF THE
LAMPREY (LAMPETRA FLUVIATILIS)

Debreceni, K.l Fejér, Zs.1, Manzano e Silva, M.J.2and Vigh, B.1

Photoneuroendocrine Laboratory of the Department of Human Morphology and
Developmental Biology, Semmelweis Medical University, Budapest, Hungary
Occupational Health Service, Hospital dos Capuchos, Lisbon, Portugal

In the Cyclostome lamprey, the pineal complex is composed of the pineal
and parapineal organs (Fig. 1 a,b). Both are light percepting organs
containing various photoreceptors (Fig. 1 c,d) and detecting circannual and
circadian changes of the environmental light intensity (Collin and Meiniel,
1971; Cole and Youson, 1982; Vigh-Teichmann et al., 1983; Kuo et al.,
1988; Vigh-Teichmann et al., 1989). In our previous work, we have found a
presynaptic accumulation of immunoreactive glutamate in the axon terminals
of the pinealocytes of various vertebrates, a result suggesting that this
excitatory amino acid acts as synaptic mediator in the photoreceptor
pathway of the pineal organ (Vigh et al., 1995 a, b). No data are available on
the content of glutamate in the pineal complex of Cyclostomes. Therefore, in
the present study we investigated the presence and localization of
immunoreactive glutamate in the pineal and parapineal organs of the lamprey.

Twelve adult animals of both sexes of Lampetra fluviatilis were
examined. The animals were kept under normal laboratory iight conditions
and anesthetized with MS 222 prior to fixation through the heart with 2-4%
buffered glutaraldehyde. The excised pineal organs were embedded in Poly
Bed 812 (Polysciences). Electron microscopic immunoreactions were
performed with rabbit polyclonal antisera raised against glutamate (Sigma-
Aldrich) as described earlier (Vigh et al., 1995a).

In the pineal organ photoreceptors form inner- and outer segments in the
lumen of the organ. The axons of pinealocytes terminate with ribbon-type

1216-8063/97 $ 5.00 © 1997 Akadémiai Kiad6, Budapest
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synapses on secondary pineal neurons. A weak glutamate immunoreaction
was detected in the perikarya of pinealocytes and a stronger one in the
synaptic terminals of their axonal processes. There was no considerable
variation in the immunoreactivity of the photoreceptor subtypes. Except the
mitochondria, perikarya of secondary pineal neurons were weakly labelled.
Axons of these neurons run to the ventro-caudal end of the pineal organ.
Immunoreactive glutamate was concentrated in these axons. The parapineal
organ is smaller than the pineal organ and is situated ventral to the pineal end
vesicle (Fig. 1b). It is composed of a ventral and a dorsal retina. Ventrally,
there are two types of photoreceptors, forming ribbon-type synapses on
secondary parapineal neurons. In contrast to the pinealocytes and the ventral
parapineal photoreceptors, the dorsal parapineal retina has a hormonal output.

Fig. 1 Schematic drawing on the pineal (A, C) and parapineal organs (B, D) of the lamprey.
Immunoreactive glutamate was found to accumulate in the axons and in axon terminals. Ax:
axon, D: dendrite of the photoreceptor cells (Ph), E: ependymal cells, IS: inner segment, NH:
neurohormonal terminals, OS: outer segment, PN: pineal neurons, S: synapse, V: vessels

Accordingly, the axons of the dorsal photoreceptors form neurohormonal
nerve terminals in a neurohaemal layer situated between the pineal and
parapineal organs. The perikarya of all parapineal photoreceptors exhibited a
weak-to-medium  immunoreactivity with a stronger reaction in the
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mitochondria, axonal processes and in the axon-dendritic endings. Glutamate
was accumulated in the neurohormonal terminals of parapinealocytes as well.
Secondary parapineal neurons exhibited a medium immunoreactivity of
glutamate whereas their axons were labeled intensely.

Our present data on the existence of immunoreactive glutamate in the
pineal complex of the lamprey is in accord with earlier findings in othe
species. We would like to stress, that glutamate immunoreactivity was the
highest in the presynaptic terminals of axonal processes of photoreceptors
and in the axons of secondary neurons. Consequently, it is conceivable, that
this excitatory amino acid acts as synaptic mediator in the pineal
photoreceptor pathway. Immunoreaction was found in neuroendocrine
terminals of the parapineal photoreceptors as well. It is known, that
glutamate accumulates in some neurohormonal endings, e.g. in
neurosecretory terminals of the neurohypophysis (Meeker et al., 1991).
Therefore, glutamate may have a role not only in the neural but also in the
hormonal efferentation of the pineal complex.
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COMPARATIVE CHARACTERISATION OF THE CENTRALLY
ACTING MUSCLE RELAXANT RGH-5002 AND TOLPERISONE AND
OF LIDOCAINE BASED ON THEIR EFFECTS ON RAT SPINAL
CORD IN VITRO

Farkas, S., Kocsis, P. and Bielik, N.

Pharmacological Research Centre, Gedeon Richter Ltd.,
H-1475 Budapest 10, P.O. Box 27, Hungary

RGH-5002 is a tolperisone-type centrally acting muscle relaxant, developed
by Gedeon Richter Ltd. Abundant data indicated that it had an inhibitory
effect on spinal reflexes in vivo. The present study aimed at investigating the
direct effect of the drug on the spinal cord in vitro in order to eliminate the
influence of factors due to the complexity of in vivo systems (e.g.
metabolism) and to obtain further data on the mechanism of action of the
drug. For comparison, the effect of tolperisone (Mydetone, Mydocalm) and
of the local anaesthetic lidocaine were also studied. The ventral root potential
evoked by supramaximal dorsal root stimulation (DR-VRP) was recorded
using suction electrodes for both stimulation and recording from hemisected
spinal cords excised from six-day-old rats.

DR-VRP recorded in this manner consists of a compound action potential
of several mV-s (probably monosynaptic reflex - MSR) followed by a
prolonged depolarisation of the ventral root (see Fig. 1) which mainly
reflects an electrotonic potential (EPSP). Very early (before MSR), early
(after MSR), and late (poststimulus time: 80-180 ms) parts of the slow
potential as well as peak-to-peak amplitude of MSR were quantitatively
evaluated. All the three drugs reduced all components of the reflex potential
in a dose-dependent manner. RGH-5002 was the most potent among the
three drugs, being about 1.5-fold more potent than tolperisone and 2-3-fold
more potent than lidocaine depending on the reflex component of
consideration.
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From the fact that all the three drugs strongly diminished the EPSP
including its very early part preceding MSR and that they did not possess
glutamate (AMPA or NMDA) antagonist effect, it may be concluded that
these drugs depressed the transmitter release from presynaptic terminals.
The quantitative profile of the effects of the three drugs on the different
components of the reflex suggest that the mechanism of action of lidocaine
is somewhat different, whereas tolperisone and RGH-5002 are more similar
to each other. Further studies are necessary to elucidate the molecular
mechanism of the presynaptic inhibitory effects of these drugs.

control

0 50 100 150
post stimulus time (ms)
3- 31
2 after 100 yM RGH-6002 2- after 200 yM RGH-5002
> 1
E 1 1-
-1- 1.
0 40 80 120 160 0 40 80 120 160
post stimulus time (ms) post stimulus time (ms)

Fig. 1 Effect of RGH-5002 on DR-VRP



Neurobiology 5(1) pp. 59-61 (1997)

Preliminary note

ACETYLCHOLINE RELEASE INDUCED IN VITRO
BY BETA-AMYLOID AND ITS FRAGMENTS

Farkas, Z., Pakaski, M., Penke, B.land Kasa P.

Alzheimer's Disease Research Laboratory and
'‘Department of Medical Chemistry, Albert Szent-Gyo6rgyi Medical University
H-6720 Szeged, Hungary

Amyloid B-peptide (AR) is the major component of the amyloid plaques in the
brain which are characteristic of Alzheimer's disease (AD). It has been
demonstrated that AR is toxic to neurons both in vivo and in vitro. The
cholinergic neurons are more sensitive than other transmitter neurons. Abe et
al. (1) showed that AR administered into the medial septum of rats decreased
the ACh release from the hippocampus in vivo, while Pedersen et al. (2)
demonstrated that BA reduced acetylcholine (ACh) synthesis in a nontoxic
way in a cell line derived from cholinergic neurons of the basal forebrain.
Various lines of experimentation led to the suggestion that the cholinergic
deficit in AD may be secondary to the degeneration of cholinergic nerve cells
caused by AR.

Our aim in these experiments was to establish the effects of AR(I-42) and
its fragments (ARI-38, AR31-35, AR34-39, ARI7-21) on the ACh release in
tissue cultures derived from rat basal forebrain cholinergic neurons.

Neuronal cells from 16-day-old embryonic (E16) basal forebrain of rat
were cultured for 4 days in vitro (4DIV) and thereafter treated with 20 pM
of AR(I-42) or one of its fragments for 3 days (DIV4+3).

The results showed that treatment of tissue cultures with synthetic AR(I-
42) or AR(138) for D1V4+3, reduced the ACh release by 85%; Af[(31-35)
caused a 55% reduction and AR (34-39) an 80% reduction, whereas AR(17-
21) had no such effect (Table 1).
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Table 1 Effects of AR(I-42) and its fragments on the ACh content of basal forebrain neuronal
cultures. Note the reduction of ACh release in the different experimental set-ups. The ACh
release is expressed as %ACh/5 min/Petri dish.

m n=15 0 n=15 Ll n=6

Basal release
50 mM K+ A

+
Basic solution + K
no Ca2* + K+
R AP{1-42) + K+
RAP(1-38) + K+

PAP(17-21) + K+ F
Pap(31-35) + k+

PAP(34-39) +K+

The present report provides evidence that AR and its fragments are
capable of reducing the release of ACh from cholinergic neurons in in vitro
tissue cultures perhaps by degenerating the ACh-containing (cholinergic)
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neurons. It has also been demonstrated that the most toxic effect (ACh
reducing effect) is exerted by those ARs which contain lysine and methionine
at positions 31 and 35. It is suggested that these aminoacids may play a
significant role in the AR-induced neuronal toxicity.

This work was supported by ETT (Grant No. T-04602/93) and MKM
(Grant No. 36 and 279).
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REVERSAL OF BULBECTOMY-INDUCED BEHAVIOURAL
DEFICIT IN RATS

Felkai, S.,, Gyarmati, Zs. and Timar, J.

Department of Pharmacology, Semmelweis University of Medicine, Budapest, Hungary

Bilateral removal of olfactory bulbs produces a series of behavioural,
neurochemical and hormonal changes in rats. The behavioural alterations,
e.g. hypermotility in novel environment, deficit in passive avoidance task,
show the decreasing adaptive ability of animals. The similarity of these
symptoms to the human affective disorders and the results that the above
mentioned alterations can be reversed by chronical treatment with
antidepressants indicate that bilateral bulbectomy (OBX) can be considered
as one of the animal models of human depression (1,2).

In our previous experiments enhancement of 5-FIT syndrome induced by
the non-selective 5-HT]/5-HT2 agonist 5-MeODMT (methoxy-N-N-
dimethyltryptamine) was found as a consequence of the hypersensitivity of
postsynaptic 5-FIT receptors in OBX rats. This enhanced 5-FIT syndrome
could have been reversed by pretreatment with the 5-FIT reuptake blocker
zimelidine (10 mg/kg s.c. for twoo weeks), and by the partial 5-HTiA
agonist buspirone (5 mg/kg s.c. for two weeks) (3).

In the present experiments the reversal by 5-MeODMT (4 mg/kg i.p.) of
passive avoidance deficit and the hypermiotility was checked and it was
compared to the effect of the selective 5-HT2 agonist DOl (1-2,5-
dimethoxy-4-iodo-phenyl aminopropane, 0.3 mg/kg i.p.) in OBX rats. As the
data in Tables 1 and 2 show, both compounds abolished the hypermotilit,
while only the non-selective 5-MeODMT was able to reverse the passive
avoidance deficit.
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Table 1 Ambulatory activity of sham-operated (SO), OBX and OBX + drug-treated rats (min)

SO+sal PBX+sal OBX+5-MeODMT OBX+DOI

159 £0.23 2.21+0.24* 123 +0.21 1.26 £ 0.17

Table 2. Latency time (sec) of sham-operated (SO), OBX and OBX + drug-treated rats (passive
avoidance, retention)

SO+sal PBX+sal OBX+5-MeODMT OBX+DOI

105.7 £25.05 47.5 £22.43* 123.0 £24.02 69.75 £26.02*

*p < 0.05 compared to SO + sal

According to the literature there is no equivocal correlation between the
hyperactivity and the learning deficit of OBX rats (2), and this is shown by
our results as well. Experiments with low dose of selective 5-HT|A and 5-
HT2 agonists suggest that 5-HT-evoked behaviour may be mediated by
distinct recognition sites showing an interaction for some behaviour but not
others (4). Though the role of other transmitters cannot be excluded, our
results - according to which reversal of passive avoidance deficit needs the
stimulation of both the 5-HT| and 5-HTTr receptors, while the stimulation of
the 5-HT2 receptors seems to be enough to reverse the hypermotility -
support this data.
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NADPH-DIAPHORASE POSITIVE MYENTERIC NEURONS
IN THE ILEUM OF GUINEA-PIG, RAT, RABBIT AND CAT

Gabriel, R.,1Batori,ZsT2and Withetm, M.2

'‘Department of General Zoology and Neurobiology, Janus Pannonius University and
department of Pharmacology, University Medical School, Pécs, Hungary

The nitrergic elements of the ileal myenteric plexus of four mammalian
species were studied by means of NADPH diaphorase histochemistry. Since
previous studies assumed only minor species-specific anatomical
differences, we sought similarities and differences in the nitrergic innervation
pattern of the small intestine with special reference to the nerves that
innervate the musculature. In rat and guinea-pig the ratio of nitrergic cells
slightly exceeds 20%, in rabbit it is close to this number (16%), whereas it is
lowest in cat (about 10%). The main morphometric parameters are listed in
the Table below.

Parameter 1 2 3 4 5 6 7 8
UM MA N <3 M

rat 2247+ 372 12+4 76 16 8  not avait 1+ 1 377+42 36+8 16+ 6

guinea-pig 2528+ 326 14+ 4 98 2 0 0 100 2+2 392+57 38+11 18+7

cat 917+ 204 13+5 100 O 0 not appl. 1+ 1 443+72 36+ 10 23+ 10

rabbit 403 + 87 7+5 45 26 29 54 46 3+2 262+44 29+11 16+ 6

(1) density of labelled neurons (cells/cm2+s.d.), (2) number of stained neurons in ganglia
(cells+s.d.), (3) neuron type (UM: uniaxonal multidendritic, MA: multiaxonal, N: none, in %),
(4) number of axons (<3 or more (M) in %), (5) dendrites > 10 pm, (6) cell surface area
(pm2ts.d.), (7) maximum length and (8) width of somata (pmzs.d.)
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The nitrergic neurons target the circular muscle layer in all investigated
species, where they participate in the inhibitory motoric innervation. Apart
from this, some elements of the sensory innervation of the circular
musculature may derive from nitrergic neurons in rat and rabbit. The tertiary
plexus is strongly supplied by NADPH diaphorase positive fibres in rat,
moderately in guinea-pig and cat and not at all in rabbit. The rest of the
nitrergic neurons may serve as inhibitory interneurons and control other
neurons in the myenteric plexus. We conclude that the diverse physiological
and pharmacological properties of the nitrergic system in different species
can be connected with the anatomical heterogeneity of its elements.
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NUCLEUS ACCUMBENS AND BODY WEIGHT REGULATION:
NEUROCHEMICAL LESIONS

GAlosi, R.,,1JHajnal, A.2and Lénard, 1.12
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General Zoology and Comparative Neurobiology, Janus Pannonius University
and “Neurophysiology Research Group of the
Hungarian Academy of Sciences
Institute of Physiology, University Medical School, Pécs, Hungary

A considerable body of evidence suggests that the mesolimbic dopamine
system (MLDS) is involved in the regulation of feeding. The role of nucleus
accumbens (NAC), one of the most important terminal fields of the MLDS,
is considered to be crucial in translating motivational states into appropriate
behavioral actions (Phillips et al., 1991). With regard to food-related
behavior, dopamine (DA) depletion or blockade in the nucleus accumbens
(NAC) reduce instrumental responding for food (Blackburn et al., 1989).
Extracellular DA levels measured by microdialysis method in the NAC
suggested that this nucleus participates in the preparatory (Phillips et al.,
1991), or in the consummatory (Hernandez and Hoebel, 1988) acts of
feeding behavior. There are, however, only few and contradictory data
concerning the involvement of the NAC DA in homeostatic feeding (Koob et
al., 1978, Salamoné et al., 1991). In the present experiments, the effects of
cellular damage and destructions of catecholamine as well as dopaminergic
elements were compared in rats to revaluate the role of the NAC in the
regulation of feeding and maintenance of body weight under physiological
conditions.

For cell specific lesions. The excitotoxic drug ibotenic acid (IB) or
cholinotoxic ethylcholinium mustard aziridium (AF64A) were injected into
the NAC bilaterally. The latter was choosen because an important population
of accumbens interneurons are considered to be cholinergic in nature, and
recent findings suggested that acethylcholine (Ach) and DA interact during
the initiation and completion of ingestive behavior (Hajnal et al., 1997). In
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order to differentiate the specific role of DA innervation of the NAC from the
action of adjacent noradrenaline (NA) inputs, 6-hydroxi-dopamine (6-OHDA)
was injected into the NAC alone or in combination with desmethylimipramine
(DMI) pretreatment. DMI was used to protect NA terminals from the uptake
of the neurotoxin 6-OHDA. Sham operated controls (Control) were injected
with an identical volume of saline. Body weight, food and water intake were
recorded before and after surgery. In order to test the motivational
responsiveness to homeostatic needs (e.g. hunger and thirst), 1 h
consumptions were measured after 24 h or 48 h deprivations.

Fig. 1 Body weight changes after different neurotoxic lesions of the nucleus accumbens.
Abcissa, postoperative days, ordinate, body weight in percent of initial. For abbrevation see
the text

Results showed that microinjection of both cytotoxins (e.g. 1B and
AF64A) and 6-OHDA caused body weight decrease. However the magnitude
and the dinamics of changes were different, as it is shown in Fig. 1 6-
OHDA lesions had only transient effect on body weight (1st day -5%, in
comparison to controls, p<0.01). In contrast, the 6-OHDA+DMI group had
difficulty recovering from the lesions and had significantly lower weights
throughout the 3 postoperative weeks [ANOVA, F6-OHDA+DMIvsCO
(1,64)=27.4 pO.0OO0I], The IB lesions caused more pronounced weight loss
(-10%, -9%, on the 1st and 2nd day, respectively, p<0.001), but recovered
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by the end of the 3rd postoperative week. The most pronounced body
weight changes occurred in the group lesioned with AF64A. In this group, a
long lasting (throughout the 22 weeks of observation) depression in the body
weight was observed, with a peak on the 3rd and 4th postoperative days (-
16%, -17%, respectively, p<0.001). The body weight decrease was
accompanied by a mild hypophagia and hypodipsia in each group, except the
AF64A-lesioned group, in which a minute increase in both feeding and
drinking appeared. In the deprivation test, motivational deficits were found
only after AF64A-lesions in response to 24 h deprivations. These deficits,
however, disappeared when a longer (48 h) deprivation was applied.

In summary, our results demonstrate that (1) natural feeding and body
weight regulation are impaired after lesions of both the intrinsic neurons and
dopaminergic elements in the NAC, (2) the selective lesions of the MLDS
terminals in the NAC cause more severe disturbances than the non-specific
catecholaminergic lesions of the same area, (3) the cell specific lesions have
a more pronounced effect on feeding than that of the DA-lesions of the
NAC, and (4) the intrinsic cholinergic neurons of the NAC seem to be
involved in the maintenance of normal body weight.

On the basis of these findings we can conclude that the MLDS has a
substantial influence in the feeding-related functions of the NAC. In addition,
one may suppose that the NA in the NAC may have a compensatory role in
attenuating the feeding disturbances caused by the DA-lesions. Furthermore,
it can be theoretized that the Ach interneurons in the NAC have a
predominant role in the integration of motivational state and action.
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PARTICIPATION OF NMDA AND AMPA TYPE GLUTAMATE
RECEPTORS IN SPINAL SEGMENTAL REFLEX: AN IN VITRO
STUDY

Kocsis, P, Farkas, S. and Bierik, N.

Pharmacological Research Centre, Gedeon Richter Ltd.,
H-1475 Budapest 10, P.O. Box 27, Hungary

In the spinal segmental reflexes the main excitatory transmitter is thought to
be glutamate. In our previous in vivo study we found that the AMPA-type
glutamate receptors play a key role the in early as well as in the late reflex
components, since AMPA antagonists completely abolished all of them. On
the other hand, NMDA antagonists produced only about 10 and 30 percent
inhibition of the monosynaptic reflex and of the late components,
respectively.

In the present study for comparison, the effect of AMPA and NMDA
antagonists were studied in vitro as well, on isolated hemisected rat spinal
cord. The ventral root potential evoked by supramaximal dorsal root
stimulation (DRVRP) was recorded using suction electrodes for both
stimulation and recording from spinal cords excised from six-day-old rats.
NBQX and GYKI 52466 as AMPA receptor antagonists; MK-80 1, APV and
CPP as NMDA receptor antagonist were the drugs used.

(DR-VRP) recorded in this manner consists of a compound action
potential of several mV-s (probably monosynaptic reflex) followed by a
prolonged depolarization of the wventral root which mainly reflects an
electrotonic potential (EPSP). The monosynaptic component was completely
abolished by AMPA antagonists. Applying a supramaximal dose the late
phase of the reflex was only partially reduced by about 60-70%. NMDA
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Fig. 1 Effects of the AMPA antagonist GYKI 52466 and the NMDA antagonist APV as well
as of their combination on the DR-VRP. Point-to-point calculation of inhibition caused by the
antagonists are also shown the above two panels as function of post stimulus time
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antagonists inhibited the monosynaptic component by about 10%, and
reduced the late phase by about 80%. Combination of the two types of
antagonists completely abolished all reflex activities.

The results were consistent with those obtained in vivo, regarding that
both types of receptors are involved in the mediation of these components
and AMPA receptors play a fundamental role. However, the results
concerning the relative importance of these receptors were different. Namely
in vitro data suggested a greater participation for NMDA receptors in the
mediation of the late reflex components than in vivo ones. We think that
these apparent differences in the results may be attributed partly to
differences in the techniques, most importantly in the method of recording.
Namely, the in vivo recording with bipolar electrodes reflected only firing of
nerve fibers while recording with suction electrodes reflects electrotonic
potentials (subthreshold EPSP), too.






Neurobiology 5(1) pp. 75-77 (1997)

Preliminary note

THE EFFECTS OF CALCITONIN-GENE RELATED PEPTIDE (CGRP)
ON STRYCHNINE-INDUCED SEIZURES

Kovacs,a .and telegdy, g.

Department of Pathophysiology, Albert Szent-Gyorgyi Medical University,
H-6701 Szeged, Semmelweis u. 1, P.O. Box 531, Hungary

Previously we have shown that CGRP influences the pentylentetrazol (PTZ)-
induced seizure (1). It is proved to be potent in decreasing of intensity and
increasing of latency of PTZ-induced seizure. The aim of the present study
to examine the effect of different doses of ICV administration of CGRP on
strychnine-induced seizure.

Strychnine is a potent convulsant alkaloid. Its action is predominant in the
spinal cord, where it competitively blocks the binding of glycine to the
postsynaptic motor neurons and leads to the uncontrolled excitation of
skeletal muscles. Glycine is inhibitory neurotransmitter that appears to be
important in sensory processing in the spinal cord. Intrathecal administration
of strychnine was reported to induce allodynia (2). Strychnine induced
allodynia was shown to be mediated through the N-methyl-Daspartate
(NMDA)-type glutamate receptor (3).

The experiments were carried out on adult mice. The CGRP was injected
by stainless-steel Hamilton microsyringe. The needle was inserted unilaterally
1 mm to the right of the midlinepoint equidistant from both eyes and the ears
and perpendicular to the plane of the skull. Peptides or vehicle (2 pi ) were
delivered gradually within approximately 3 sec. Mice exhibited normal
behavior after the injection. The administration site was confirmed by
injecting methylene blue in a few preliminary experiments, revealing that over
95% of animals were correctly injected into the ventricle. Neither insertion of
the needle nor injection of the vehicle had a significant influence on the
survival of the animals, neither on behavioral response or cognitive function.
Thirty min after the ICV administration of CGRP, strychnine (1 mg/kg body
weight) was injected subcutaneously. The mice were placed in isolated
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transparent plexiglas cages, and their behavior was observed for one hour.
The intensity of the convulsions was registered according to a 6-point scale:
(1) restlessness, apprehension, hyperreflexia, hyperactivity. (2) trembling in
its whole body. (3) muscle stiffess in the legs and face, "jumping” on four
legs. (4) 3 + turning round own axis, (5) tonic convulsions. (6) violent
extensor convulsions, an arched back = opisthotonus.

Seizure intensity
7-1

** p < 0.01 vs contr

Conlr. 50 100 20Q 500 1My 2/ig CGRP
ng

Seizure latency

Fig. 1

ICV injection of CGRP increased the intensity of strychnine-seizures.
Dose dependency of CGRP for strychnine-seizure showed skewed bell-
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shaped pattern. Maximal effect was observed with 200 ng and 500 ng (Fig
I/a). The seizure latency was decreased by CGRP. The smallest doses of
CGRP (50, 100, 200 ng) were most effective (Fig 1/b).

Adenosine levels increase in the cerebrospinal  fluid during
ischemia/hypoxia and after the seizure activity (4, 5). Adenosine can induce
anticonvulsant action and analgesia (6).

We suppose that adenosin plays an important role in action of CGRP on
strychnine-induced seizure.

Since the adenosine inhibits action potential-dependent release of CGRP
from primary afferents in rat spinal cord and the CGRP outflow from dorsal
half of the spinal cord was inhibited by selective adenosine Al receptor
agonist (7), it is possible that adenosine is consumed in prevention of
hyperalgesic effect of CGRP and the intensity of strychnine-induced seizure
is increased. It should be suggested, that strychnine-induced seizure
threshold is decreased by lack of adenosine.
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IFENPRODIL ATTENUATES THE LOSS OF PARIETAL CORTICAL
PARVALBUMIN IMMUNOREACTIVITY AFTER FOCAL CEREBRAL
ISCHEMIA IN THE MOUSE

1 2
O’MAHONY, S, NOONAN, D., HARKANY, T., DE JONG, G.I,,

NYAKAS, CS. and LEONARD, B.E.

Department of Pharmacology, University College Galway, Ireland,
Central Research Division, Haynal University of Health Sciences,
H-1389 Budapest, Hungary, and
Department of Animal Physiology, University of Groningen, 9750 AA Haren,
The Netherlands

Stroke is a common life-threathening event with an abrupt onset of a focal
vascular deficit. Arterial occlusion, the major source of cerebral ischemia,
results in a rapid depletion of energy metabolism which in a number of ways

causes intracellular Ca"+overload and ultimately leads to cell death (Siesjo et
al., 1985). It is believed that neuronal death in ischemia is mediated by an
enhanced glutamate release and subsequent excessive activation of different
voltage-dependent and neurotransmitter receptor-associated ion channels. In
this regard, N-methyl-D-aspartate (NMDA) receptor overstimulation is
suggested to play a critical role in the neurotoxic cascade (Goldberg et ah,
1987).

Several studies have reported elevated tissue Ca content and intracellular
Ca2 accumulation after cerebral ischemia which result in a multitude of

disturbances in neurons (Choi, 1992). Because of their considerable Ca2
buffering capacity, calcium-binding proteins (CaBP) such as parvalbumin
(PV) are thought to offer endogenous protection in neurons
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against a Ca2 overload (Andressen et al., 1993, Celio, 1990). PV-containing
neurons were found to be resistant to global cerebral ischemia (Nitsch et al.,
1989), whereas Beny0 et al. (1995) have recently reported a limited early
loss of PV immunoreactivity (PV-ir) in hippocampal CAl nerve cells
following focal cerebral ischemia.

In the present study we set out to investigate the effects of middle
cerebral artery (MCA) occlusion on PV-containing cortical interneurons in
the mouse brain. As only a limited reduction of the hippocampal PV-ir
neuron population was found in rat brain (Benyo et al., 1995), the effects of
focal ischemia on PV expression were studied in mice. Furthermore, the
putative neuroprotective action of ifenprodil, a non-competitive NMDA
receptor antagonist, was also examined. Ifenprodil, by blocking the

extracellular polyamine site of the NMDA receptor and thereby the Ca"

entry, may prevent ischemia-induced intracellular Ca" accumulation and the
subsequent generation of neurotoxic mechanisms.

Four-week old male Swiss mice (20-25 g) were used in this study. Mice
were anaesthetized (chloral hydrate, 500 mg/kg of body weight, i.p.) and a
burr-hole (1.8 mm) craniectomy was performed. The MCA was coagulated
by bipolar diathermy. Sham-operated mice were subjected to simple
exposure of the MCA. The animals received ifenprodil-tartarate (10 mg/kg,
i.p.) at 5, 15, 30, 45 minutes and 3, 6, 24, 32, 48, 72, 78, 96 hours post-
operation. Six days after surgery all mice were deeply anaesthetized and
perfused transcardially as described previously (Harkany et al., 1995). Brains
were cryoprotected overnight in 30% sucrose and 20-mm thick coronal
frozen sections were cut and stained for PV according to a standard protocol
(Harkany et al., 1995).

Permanent MCA occlusion elicited profound structural (necrotic) changes
in the parietal cortex. An almost complete loss of PV-ir structures was
observed (Fig. 1A) as compared either to sham-operated animals or to the
contralateral hemisphere (Fig. 1B). Interestingly, markedly decreased PV-ir
was also observed in other brain regions, e.g. inthe hippocampus, thalamic
nuclei, reticular formation (data not shown). It is noteworthy that the
immunoreactivity of another neuronal CaBP, namely calbindin-D28k, was
similarly influenced by vascular occlusion (data not shown).

Ifenprodil treatment following the ischemic insult exerts prominent
neuroprotective effects on PV-ir interneurons in the parietal cortex. PV-
positive cell bodies and processes scattered through all layers of the parietal
cortex 6 days post-operation (data not shown). Furthermore, evidence for
the beneficial drug effects was also found in all other ischemia-affected
regions of the ipsilateral hemisphere (Fig. 1C).



Fig. 1A-C Changes in PV-ir following focal cerebral ischemia in the mouse parietal cortex. A. depicts almost complete loss of PV-ir
after middle cerebral artery occlusion (arrows indicate the most severely damaged area), while B. shows the normal distribution of
cortical PV-ir structures in sham-operated animals. Note the beneficial effects of ifenprodil treatment on the survival of PV-ir
interneurons (arrows) surrounding intimately the site of ischemic infarct (C.). (Scale bars: A, B = 200 mm, C = 80 mm).

00
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Cellular consequences of cerebral ischemia involve unbalanced changes of

the intracellular free Ca* concentration which are generally suggested to act
as mediators of neurotoxic processes. For this reason, cells containing

CaBPs (PV, calbindin-D28k) might have enhanced Ca* -buffering capacities

and thereby be more resistant to Ca -mediated excitotoxic injuries. It is
worth noting that contradictory data have previously been published
regarding the role and survival of PV-containing interneurons after focal
ischemic insults (Benyé et al., 1995, Johansen et al., 1990, Nitsch et al.,
1989). In the present study we provide evidence that occlusion of the MCA
in the mouse results in a dramatic loss of PV-ir in the hemisphere ipsilateral
to the occlusion. It remains to be ascertained, however, whether the reduced
number of PV-ir interneurons is a result of cell death or reflects only

temporary disturbances of Ca* -induced protein synthesis or increased

protein degradation. Recently, Ca2+channel blockade has been shown to
exert neuroprotective effects in both global and focal cerebral ischemia
models (Auer et al., 1993, Beny6 et al., 1995). In this regard, ifenprodil, a
polyamine site NMDA receptor antagonist which is also suggested to have

affinity for voltage dependent Ca2~channels and s receptors (Biton et al.,
1994), considerably increased the survival of PV-ir interneurons in the
parietal cortex. Therefore, the ability of ifenprodil to prevent the loss of PV-ir

6 days after MCA occlusion indicates the involvement of an enhanced ca®
entry, in part via NMDA receptors, in the focal cerebral ischemia-induced
cytotoxic mechanisms.
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LEARNING DISTURBANCES IN OFFSPRINGS OF ZIDOVUDINE
(AZT) TREATED RATS
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The use of zidovudine (AZT) as a therapeutic agent in AIDS patients is
limited by the fact that it causes myopathy and cardiomyopathy (Lewis et ah,
1992). It has been shown in the Department of Biochemistry that similar
effects develop in rats after AZT treatment and these symptoms are inherited
in both sexes. These serious effects can be explained by the facts that the
mitochondrial genom is especially vulnerable to AZT and other nucleotide
analogues (Csere et al., in press) because of the lack of DNA repair system
(Luft, 1994) and the high affinity of AZT metabolits to DNA polymerase
gamma. Since the mitochondrial DNA encodes components of respiratory
complexes, damage in the mitochondrial genom will cripple the oxidative
energy production of the cell. This condition can be critical for cells having
high energy requirements such as the skeletal and cardiac muscle cells.
Deletions in the mitochondrial DNA and significant electronmicroscopic
structural changes in the mitochondria with pathological electrocardiographic
signs have been proven in the offsprings of AZT treated female rats. One
may suppose that the central nervous system can also be affected as the
neurons exhibit high energy requirement. In the present experiments the
general behavior and learning capabilities of offspring of AZT treated rats
(AZTO) were examined. Conventional neurological tests, open field
paradigm, Morris water maze test, and in water deprived AZTO rats a water
rewarded bar press learning paradigm was used in computer controlled
cages (Coulbourn Instruments). In the latter situation a short light period (5
sec) was allowed for the effective bar presses to obtain water while rats

1216-8063/97 $ 5.00 © 1997 Akadémiai Kiad6, Budapest
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pressing the bar in the dark period (20 sec) could not receive water reward.
After completing the experiments cytochrome oxidase, NADH-
dehydrogenase and NADPH-diaphorase histochemical methods were used.
As conventional histology Nissl method was carried out. In several cases
PCR method was also applied.

AZTO rats exhibited somewhat enhanced locomotor activity in
comparison to the age-mached controls. No significant alterations have been
found in orientation response latencies to different somesthetic or visual
stimuli. However, the grasping strength and the climbing time in a vertically
positioned grid significantly reduced in the AZTO rats. In open field AZTO
rats exhibited an exploration strategy which was different from that of the
controls. In Morris water maze AZTO rats could swim well and they could
learn easily the place of the safety platform. When it was removed, however,
their swimming strategy dramatically changed, it became chaotic and
significantly differed from the controls. Significant learning deficit occurred
in AZTO rats in the water rewarded bar press paradigm when the number of
effective bar presses were taken into account. Although the AZTO rats
pressed the bar more times than the controls, they could not press the bar in
the right time.

No pathological alterations or changes have been discovered in AZTO rats
when histochemical methods were used. However, by means of the PCR
method it was revealed that the AZTO rats exhibited deletions in
mitochondrial DNA.

Our results show that offsprings of the AZT treated rats exhibit decreased
muscular strength, alterations in behavioral strategies and definite learning
deficits. The existence of learning deficits observed in our experiments can
not be explained by myopathic symptoms or cardiomyopathy. Our results
suggest that AZT treatment in AIDS patients may induce serious
disturbances of the central nervous activity in their offspring.
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Preliminary note

NOVELTY-INDUCED BEHAVIORAL DYSFUNCTIONING

CORRELATES WITH THE LOSS OF CA2HOMEOSTASIS AFTER
CHRONIC ETHANOL INTOXICATION

SASVARI, M., HARKANY, T. and NYAKAS, CS.

Central Research Division, Haynal University of Health Sciences
H-1389 Budapest, Hungary

Ethanol intoxication exerts profound effects in the brain, these being
mediated in part through neuronal ion channels. L-type (dihydropyridine-
sensitive) voltage-gated Ca2 channels and channels gated by N-methyl-D-
aspartate receptors are highly sensitive to ethanol (Gonzales and Hoffman,
1991, Gulya et al., 1991). Compelling evidence indicates that ethanol
intoxication induces life-long behavioral dysfunctions (Markel et al., 1995)
and already in low doses impairs memory processing (Melchior et al., 1993);
these effects are prevented by Ca2~antagonist administration. A possible
molecular pathway for the neurotoxic central nervous system action of

ethanol is an enhanced Ca~ influx and accordingly unbalanced changes in
the intracellular Ca2" concentration ([Ca2 ]j).

One of the principal mechanisms underlying the maintenance of the [Ca2 ]j

balance is the selective Ca2tbinding to intracellular ‘buffer’ proteins
(Baimbridge etal., 1992). Parvalbumin (PV) and calbindin-D28k (CB-D28k)

are the most prominent specific representatives of Ca2+binding proteins
(CaBPs) in neuronal tissues. PV is expressed in a subpopulation of fast-firing
GABAergic interneurons (Celio, 1990).
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Central Research Division
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In the present series of experiments, we investigated the possible
relationship between novelty-induced alterations in spontaneous animal
behavior and the expression of neuronal CaBPs, with special emphasis on
PV, after 4, 7, 14 and 21 days of chronic ethanol ingestion. Brain trace

element contents, and particularly those of the Ca2 and Mg2r, were also

determined to characterize the effects of Caz/Mg2* balance on the
expression of PV after 4 or 14 days of ethanol treatment.

Male Wistar rats were housed individually and fed ethanol in a liquid diet,
or a control liquid diet, for 4, 7, 14 or 21 days, as previously described in
detail in mice (Ritzmann and Tabakoff, 1976), with minor modifications, the
regimen being adapted to rats. The group of ethanol-ingested rats was given
a 7% ethanol-containing diet supplemented with vitamins, while the control
animals were offered the same diet, except that ethanol was substituted by
an amount of sucrose equivalent to the calories available in the ethanol. The
novelty-induced activities of ethanol-fed and control animals were measured
in an open-field test box as described by Nyakas et al. (1991). Subsequently,
the rats were deeply anesthetized and perfused transcardially as described
previously (Harkany et al., 1995). The brains were cryoprotected overnight
in 30% sucrose, and 20-mm thick coronal frozen sections were cut and
stained for PV according to a standard protocol (Harkany et al., 1995).
Whole brain trace element contents were determined by means of atomic
absorption spectrophotometry.

Analysis of the data obtained by measurement of the behavioral activities
of ethanol-treated and control rats in response to a novel environment in the
open-field revealed a marked impairment of explorative behavior after
chronic ingestion, manifested in significantly increased start latencies, and
dramatically decreased horizontal ambulation and rearing activities.
Interestingly, some of the suppressant effects of ethanol on spontaneous
animal behavior had disappeared after 21 days of treatment, which may
reflect adaptation to and compensation of the direct effects of ethanol. Our
results also indicated that the severity of these behavioral changes correlates
with the degree of ethanol toxicity.

Fig. 1 Chronic ethanol ingestion-induced changes in PV-ir structures of the rat parietal
cortex. A. depicts the parietal cortex of an ethanol-fed, and B. that of a pair-fed control
animal after 21 days of chronic ethanol intoxication. Note the dramatic loss of PV-ir in
interneurons as a consequence of ethanol ingestion in all layers of the cortical area. Thin
arrows indicate interneurons possessing a weak, though specific PV staining, while thick arrows
depict densely-labeled PV-ir interneurons without stained processes. Arrowheads in B. indicate
normal interneuronal PV staining patterns. Magnification x150.
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The numbers of PV-ir interneurons in frontal and parietal cortical sections
and in the dorsal hippocampus were decreased significantly as early as after
4 days of ethanol treatment. The most pronounced loss of PV-ir was
recorded in the parietal cortex (Fig. 1). Interestingly, the dramatically
reduced PV expression was maintained up to 21 days of ethanol
administration (Fig. 1). Similar changes were found in the expression of
another CaBP, CB-D28k (data not shown). Furthermore, the extent of these
changes correlated with the length of the treatment period and the volume of

ethanol consumed. Measurement of brain Ca" and Mg2 contents revealed
parallel changes in the contents of these trace elements. It is noteworthy that

the alterations in whole brain Ca' and Mg2 contents exhibited a biphasic

profile; significantly decreased Ca and Mg contents were recorded after 4
days of ethanol intoxication, while a dramatic hyperaccumulation was
observed after 14 days of ethanol ingestion (data not shown).

In conclusion, our results demonstrate that chronic ethanol ingestion
results in disturbed spontaneous animal behavior, accompanied by a

deranged CaBP expression, with highly unbalanced changes in brain Ca' and
Mg"+ contents. Taken together, our data indicate that chronic ethanol

treatment influences the brain Ca2 and Mg' contents, and the CaBP PV
does not seem to protect against ethanol-induced neurotoxicity. Additionally,
a close interaction may be suggested between the deranged neuronal
functioning and behavioral dysfunctioning under open-field circumstances.
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Preliminary note

EXPRESSION OF FMRFAMIDE GENE NEUROPEPTIDES IS PARTLY
DIFFERENT IN THE EMBRYONIC NERVOUS SYSTEM OF THE POND
SNAIL, LYMNAEA STAGNALIS L.

VORONEZHSKAYA, E.E.12and ELEKES, KJ

'‘Department of Experimental Zoology, Balaton Limnological Research Institute,
HAS, Tihany, Hungary and
institute of Developmental Biology, RAS, Moscow, Russia

In the pond snail, Lymnaea stagnalis, 5 exons (I-V) have been shown to
belong to the FMRFamide gene which are responsible for the production of
at least 13 different neuropeptides in the nervous system (Benjamin and
Burke, 1994). Recently, a post-translational processing of the alternative
neuropeptide precursor encoded by the FMRFamide gene was also
demonstrated (Santama et ah, 1996). Based on this molecular genetic
background, the distribution of two members of the tetrapeptide group (the
EFLRIlamide[ILEal and the nonFMRFamide-like 22 amino acid 'SEEPLY
peptide) and the post-translational, heptapeptide type acidic peptide (ACP)
was investigated immunocytochemically during the embryogenesis of
Lymnaea.

Among the three peptides investigated, ILEa-immunoreacitve (1R)
elements dominated the developing central and peripheral nervous system
(CNS and PNS)- The first, altogether 5, ILEa-IR cells were observed at the
late trochophore stage (E30), revealing a transient character of
immunostaining and located outside the future CNS. At the beginning of
metamorphosis (E45), the first ILEa-IR neurons appeared within the
developing central ganglia, some of them showing co-localization with either
SEEPLY- or ACP-IR (Fig. 1). The number of ILEa- and SEEPLY-IR
neurons, but not that of ACP-IR cells increased during metamorphosis in the
cerebral, pedal, parietal and visceral ganglia, whereas the buccal and pleural
ganglia contained only IR fibers in the neuropil. At hatching, the early
transient cell cease to express ILE-1R At the same time, the CNS contained

1216-8063/97 $ 5.00 © 1997 Akadémiai Kiadd, Budapest
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altogether 40-44 ILE-IR neurons. About 60% of them showing colocalization
with SEEPLY-IR in the cerebral, parietal and visceral ganglia. On the other
hand, ILE- and SEEPLY-IR neurons form distinct populations in the pedal
ganglia. ACP-IR neurons (5-7) occurred exclusively in the visceral and right
parietal ganglia, in all ofthem ILE-IR was also present.

Compared to CNS, the IR elements started to develop later, during early
metamorphosis (E45) in the PNS. First a pair of ILEa-IR sensory neurons
were seen in the foot, which was followed at E50 by the formation of the
ILEa-IR innervation of central origin of the foot and mantle.

Fig. 1 Schematic representation of the distribution of ILF- (I), SEEPLY- (S) and acidic
peptide- (A) immunoreactive elements in the early Lymnaea embryos.

However, the innervation pattern in the two peripheral organs was
different; the foot received brush-like IR endings whereas the mantle was
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supplied by varicose IR processes. At E60, only varicose IR elements could
be found in both organs. After metamorphosis (E70) a second set of bipolar
ILE-IR neurons could be demonstrated in the foot and the anterior region of
mantle. Only a poor SEEPLY- and APC-IR innervation of central origin was
found in the periphery by the end of metamorphosis (E80-E100).

Our findings show that the expression of the peptides encoded by the
FMRFa gene is different during early and late Lymnaea embryogenesis. On
the basis of the different temporary and cellular pattern of appearence at both
the central and peripheral levels a multiple role can be attributed to them: a
modulatory function in the CNS and a double, sensory and regulatory,
function in the periphery. ILEa appear to be the key peptide in early central
and peripheral processes, whereas SEEPLY and ACP seem to have a more
specific role, first of all in central processes during late embryogenesis.

Supported by OTKA grant No. 6284 to K.E. and by a HAS grant to E.E.V.
within the exchange program No. 33 between HAS and RAS.
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EARLY MICROGIIAL ACTIVATION FOLLOWING
ISCHEMIC BRAIN INJURY

ABRAHAM, H. and LAZAR, GY.

Department of Human Anatomy, University Medical School of Pécs,
H-7643 Pécs, Hungary

Transient arrest of the cerebral circulation leads to several metabolic changes and to neural
cell death accompanied by rapid microglial reaction. In the present study we have examined
the early postischemic microglial response to transient cerebral ischemic injury.

Microglial cells were detected using immunohistochemical method with monoclonal
antibodies raised against the CR3 complement receptor (OX-42), the major histocompatibility
complex (MHC) antigen class | (OX-18) and class Il (OX-6) and leukocyte common antigen
(ED- 1). Transient cerebral ischemia was brought about in two-month-old anaesthesizcd rats
by bilateral common carotid artery occlusion for 10, 15, 20 min and 1,5 h and unilateral
common carotid artery occlusion for 20 min. All the animals have been sacrificed immediatly
afterwards the ischemic insult without reperfusion, except one which has been left alive for 1 h
after a 20 min ischemic period.

Using the OX-42 antibody after a 10 min bilateral carotid occlusion we observed a mild
microglial reaction in the hippocampus by the appearance of activated microglial cells. These
cells were stained intensely and characterized by short and stout processes in contrast with the
thin, long, highly branched processes of the resting or ramified cells. The intensity of the
immunoreactivity was more increased after a 15 min long ischemic insult. Using Neurolucida
Image Analyser program we quantified the activated cells. The number of activated microglial
cells was twice greater after a 10 min, and five times greater after a 15 min ischemic period
than in the intact control animal. After a 20 min of bilateral common carotid artery occlusion
a widespread activity of microglial cells was apparent not only in the hippocampus, but also in
the parietal cortex, in thalamic and hypothalamic areas.

Following 20 min unilateral common carotid artery ligature there was an increase in OX-42
immunostaining of activated microglial cells in the insulted hippocampus, compared with the
noninsulted hemisphere. The number of activated cells in the injured hippocampus was twice
higher than in the normal hippocampus.

Increased MHC | (OX-18) immunoreactivity was also observed in the hippocampus, in the
parietal cortex, in thalamic and hypothalamic areas following a 1,5 h ischemic period and
after 1 h postreperfusion following a 20 min bilateral ischemic injury, as well.

OX-6 and ED-1 immunostaining was observed after 1 h postreperfusion following a 20 min
bilateral ischemic period.

The results show that during ischemic injury, microglial cells show an early upregulation and
de novo expression of certain immunomolecules.
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EFFECT OF CORTICOSTERONE AND ADRENALECTOMY ON NMDA
INDUCED CELL DEATH IN RAT MAGNOCELLULAR NUCLEUS BASALIS

ABRAHAM, |.,1VEENEMA, A.H..2NYAKAS, C.,23HARKANY, T.,23
BOHUS, B.G.J.2and LUITEN, P.G.M.2

‘Laboratory of Molecular Neuroendocrinology, Institute of Experimental
Medicine, Budapest, Hungary
department of Animal Physiology, University of Groningen, Haren, The Netherlands
Xentral Research Division, Haynal University of Health Science

Earlier studies suggest that high glucocorticoid concentrations increase the vulnerability of
hippocampal neurons and consequential neurodegenerative cell death. However these
experiments were almost exclusively carried out on the hippocampus while little is known of
the effects of glucocorticoids on neuronal survival in other brain regions. Recently we
demonstrated N-methyl-Daspartate (NMDA)-induced cell death in the Magnocellular Basal
Nucleus (MBN) which could be precisely monitored by the reduction of cholinergic fibre
density in the somatosensory cortex. This easy and quantifiable neurodegenerative model was
used in the present study injecting NMDA into MBN of rats at different plasma corticosterone
concentrations. The experiments were performed in sham-operated controls, in
adrenalectomized (ADX) animals and in ADX rats supplied with 25% or 100% corticosterone
pellets. The neurotoxic impact of the NMDA injection was assessed by determining loss of
cholinergic fibers stained with acetylcholinesterase histochemistry in the parietal cortex. In
order to evaluate the putative role of an astrocytic reaction in these experiments, glial
fibrillary acidic protein (GFAP) was visualized by immunocytochemistry. Adrenalectomy
significantly potentiated the NMDA-induced neurodegeneration by 50%, while chronic
administration of corticosterone significantly attenuated the NMDA-neurotoxicity in a dose-
dependent manner. Compared to the ADX group, 25% corticosterone application reduced the
NMDA damage by 37%, whereas the 100% corticosterone pellet dimished NMDA
neurotoxicity by 75%. Both adrenalectomy and corticosterone implantation enhanced the
NMDA-induced GFAP immunoreactivity. The increase of GFAP immunoreactivity was most
pronounced in the adrenalectomized rats supplied with the 100% corticosterone pellets. The
present results provide evidence that glucocorticoids can protect cholinergic cells in the MBN
against cell death. Adrenalectomy and suppletion of corticosterone potentiate astrocyte
activation in the areas where the cholinergic fiber undergo degeneration. These findings
indicate that corticosterone can be beneficial in neuroprotective and possibly
neurodegenerative processes after brain insults involving damage to the basal forebrain
cholinergic cell system.
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A MODEL FOR THE INTR4CORTICAL ORIGIN OF ORIENTATION
PREFERENCE AND TUNING IN MACAQUE STRIATE CORTEX

ADORIJAN, P.,' LUND, J.2and OBERMAYER, K.'

'PB Informatik, FR 2-1, Technische Universitat Berlin, D-10587 Berlin, Germany
Department of Visual Science, Institute of Ophthalmology, University of London, UK

In macaque monkeys, layer IVC in striate cortex can be either divided into the two
subdivisions 1V Ca and IVVCR which correspond to the termination zones of P and M thalamic
input, or into three output subdivisions which project to different targets. Lower IVCR projects
via IVA to the blob regions in 1I/Ill, mid-1VC projects to the interblob territories of the upper
layers, and upper 1VVCa projects to layer IVB. The output subdivisions roughly correspond to
Livingstone's and Hubei's color, form, and motion pathways [1].

Although orientation selective cells are usually reported from the upper and lower layers, as
well as from IVB, they are found for the first time in mid-I\VC (sparse groups of orientation
selective cells) and in upper 1\VVCa (full range of selectivities). Their emergence in layer IVC
coincides with the emergence of 300 rjm - 500 Tjm long lateral 'sidestep’ connections [2]
which are sparse in mid-1VVC but which are a prominent feature of upper 1VVCa. In upper 1VCa
additional longer range inhibitory connections emerge. It has been conjectured [3], that
orientation selectivity may emerge in IVC and in the projection to its target and that those
'sidestep’ connections may play a crucial role.

In our contribution we investigate this hypothesis for cells located in upper 1VVCa. Building
upon a biologically detailed connectionist model of the afferent pathway [4] we add recurrent
excitatory and inhibitory connections between units which correspond to cells in upper IVCa.
All cortical units have circular symmetric input fields. Units, whose input fields are shifted
approximately along a line in visual space, are connected by strong excitatory interactions,
such that the sum of afferent inputs is largest when a grating overlaps the line of receptive
fields and matches its orientation in visual space. Excitatory interactions between units
corresponding to differently oriented lines fall off with their angular difference, so do
inhibitory interactions, albeit less strongly. Inhibitory units have higher thresholds but steeper
slopes of the contrast-response function than excitatory cells.

In contrast to previous approaches there is no afferent orientation bias included in the
model. The bias is generated by the anisotropic lateral interactions and is then amplified, i.e.
orientation bias and tuning are generated by the same circuitry. The model exhibits contrast
invariant tuning, iso-orientation inhibition, and is in accordance with experiments blocking
inhibition within one unit as well as within a whole hypercolumn. Results of a thorough
exploration of parameter space as well as results related to the units' orientation and spatial
frequency tuning will be reported. In contrast to models which include an afferent orientation
bias [5], this model predicts non-specific PSP's in the first, transient phase of a units rsponse,
similar to what has been reported, e.g,, for cat striate cortex [6].



100

Acknowledgements

We would like to thank Drs Ute Bauer Jonathan Levitt and Michael Scholy for their helpful
comments. This work was supported by German Science Foundation (OB 102/2-1) and
International Human Frontier Program (RG 98/94B).

References

[1] M. Livingstone and D. Hubei, Science 240, 740ff, 1988

[2] T. Yoshioka, J/B. Levitt and J. Lund, Vis. Neurosci. 11, 467ff, 1994

[3] J. Lund, Q. Wu, P.T. Hadingham and J.B. Levitt, J. Anatomy 187, 563ff, 1995

[4] U. Bauer, M. Scholz, J. Levitt, K. Obermayer and J. Lund, Vision Res. submitted

[5] D. Somers, S. Nelson and M. Sur, J. Neurosci. 15, 544ff, 1995

[6] X. Pei, T.R. Vidyasagar, M. Volgushev and O.D. Creutzfeldt, J. Neurosci. 14, 7130ff, 1994

GLIAL REACTIONS FOLLOWING STAB WOUNDS INTHE CEREBELLUM AND
OPTIC TECTUM OF THE DEVELOPING AND ADULT CHICKEN BRAIN

AJTAI, B.M. and KALMAN, M.

Dept, of Anatomy, Histology and Embryology, Semmelweis University of Medicine,
H-1450 Budapest, Hungary,

In the avian brain, the distribution of GFAP (glial fibrillary acidic protein) immunopositive
structures is in many respects different from that found in mammals. The borderlines between
the GFAP-rich and GFAP-poor areas are more distinct than in mammals and at least in one
brain area, the molecular layer of the cerebellum, the glial (i.e. Bergmann-glia) cytoskeletal
protein is vimentin which is characteristic only for the immature astroglia in mammals.
Conversely, the granular layer of chicken cerebellum contains GFAP-immunopositive
astrocytes similarly to mammals. This distribution of glial cytoskeletal elements can be
observed from the first post-hatch days to adulthood. In the optic tectum, the distribution of
cytoskeletal elements resembles that of the cerebellum. The deep layers, but not the
superficial ones, are immunopositive against GFAP. Vimentin immunostaining reveals an
intense radial glial structure in the first postnatal week. The present study investigates the glial
reactions following a simple stab wound lesion to the areas characterised by specific GFAP-
distribution in developing and adult domestic chickens (Gallus domesticus). Our study was
complemented by similar lesions placed in the telencephalon.

The operations were performed by a sterile disposable needle, under deep anaesthesia
(Equithesin, 0.25ml/100g), on post-hatch days (P) 1, 7, 14 or 21, or in adult (at least two-
month-old) animals. After a one-week survival period the animals were overdosed with ether
and perfused transcardially with 4% buffered paraformaldehyde. Serial sections (100 pm thick)
from the lesioned areas were cut on a vibration microtome (Vibratome), and processed for
immunohistochemistry against GFAP and vimentin. The immunoreaction was developed by
streptavidin-biotin horseradish peroxidase complex and the reaction product was visualised by
diaminobenzidine reaction.

MAGYAR
TUDOMANYOS AKADEMIA
KONYVTARA
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In the cerebellum, no trace of the lesions was found in the chicks operated on PI, although,
in the corresponding sections of the brain stem, the bottom of the wound track and the
surrounding gliosis were recognized. In all older ages, the damaged area of the molecular layer
was bounded by elongated, radially oriented GFAP-positive processes, which appeared to
belong to Bergmann glia that acquired immunopositivity against this protein. In all other areas
of the molecular layer the Bergmann-glia remained immunonegative to GFAP but
immunopositive to vimentin. A demarcating meshwork of star-shaped cells (like that found
usually in mammals) was only observed in the granular layer and in the white matter but not in
the molecular layer. In the tectum, the PI lesion resulted in a phenomenon similar to that
observed in the cerebellum: no reactive gliosis was found in tine GFAP-free superficial layers.
From P7, however, the usual glial reaction was detectable in these layers. In the telencephalon,
reactive gliosis was observed already with the Pl lesions.

In conclusion, we found an unusual form of reactive gliosis in the bird brain, in particular
the molecular layer of the cerebellum. In Pl chicks, meaningful differences were observed
between the glial reactivity of different areas, most probably due to the different stages of
their neurohistogenetic maturation.

TESTOSTERON-NORADRENALINE INTERRELATIONS
INTHE CONTROL OF AGGRESSION

ALBERT. I, HALLER, 1 and MAKARA, G.B.

Institute of Experimental Medicine, Hungarian Academy of Sciences,
H-1450 Budapest, Hungary

Although the interrelations between endocrine factors and the effects of pharmacological
agents is in the focus of neurobiological research, we know surprisingly little about the effect
of the above mentioned interrelationship on the behavior of animals. Experiments were
undertaken in order to investigate whether a changed hormonal background changes the
behavioral effects of pharmacological agents. The interrelationship between testosterone,
noradrenaline and aggressive behavior was studied. Testosterone is among the major factors
that control aggression. Testosterone affects also the function of noradrenergic system.
Alpha-2 adrenoceptor blockers on their turn influence aggressive behavior. The aim of the
present experiments was to investigate the effect of testosterone background on the
behavioral consequences of a2 adrenoceptor blocker treatment.

Sexually mature male rats were castrated. Half of the animals were treated with
testosterone-enanthate (TE), a long-acting testosterone preparation (TE rats). Control
animals were injected with vehicle (oil). After a recovery period of 1 week aggression was
induced by repeated exposure of subjects to intruder male rats (30 min. during 3 consecutive
days). The fourth encounter was preceded by ct2 adrenoceptor blocker (1 mg/kg idazoxan, 20
min. before the encounter). The behavior of animals was videorecorded during each aggressive
encounter. Videorecordings were later analyzed.

Aggressive behavior developed more quickly, and was more intense in TE rats compared
with controls. This was true for all three behavioral variables: attack frequency, threat
behaviors, and dominant posture. It is worth to notice, however, that a significant aggressive
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behavior developed in controls as well (though these animals were castrated, and testosterone
was not replaced).

In TE rats the a 2 adrenoceptor blocker idazoxan induced a marked reduction in aggressive
behavior: the frequency of attacks was lowered, while the duration of both threats and
dominant behavior decreased. This results confirmed our previous results concerning the
effects of a2 adrenoceptor blockers on the aggressiveness of residents that face non-aggressive
intruders.

Castrated rats reacted differently to idazoxan injections. The frequency of attacks and the
frequency of threat behavior were not changed by the a2 adrenoceptor blocker treatment.
However, dominant behavior was lowered in these animals as well.

We conclude that the effects of a2 adrenoceptor blockers on aggression depend on the
presence of testosterone. Dominant behavior was changed by idazoxan irrespective to TE
treatment, however, this behavior does not depend on the presence of testosterone in general.

ONTOGENY OF CALRETININ EXPRESSION IN RAT DORSAL ROOT GANGLIA

AMBRUS, A. and BARAKAT-WALTER, I.
Institut d'Histologie et d'Embryologie, Université de Lausanne, Switzerland

The aim of the present work was to investigate the developmental changes in calretinin (CR)
expression by means of immunohistochemistry and Western blot analysis.

Our results show that CR appears in cervical DRGs, as early as EIl. At E12, most of the
cells are immunopositive in ganglia observed at cervical, thoracic and lumbar level. On the
following two days, CR immunoreactivity progressively disappears and CR is no more
detectable at any levels between E15 and E16. From E17 till E20 the CR immunoreactivity
reappears following a rostro-caudal pattern. On postnatal days 1 and 2, CR positivity is found
in 12-14% of the cells, i.e. in a proportion twice as high than found in adult ganglia (5-8%).
These data were confirmed by immunoblots. Neither the satellite cells nor the Schwann cells
present CR immunoreactivity at any ages. According to morphometric evaluation
CRimmunopositive cells belong to both «large» and «small» neuronal subpopulations.

In conclusion, our data show that calretinin is expressed very early in development and
may thus have an important role during morphogenesis of dorsal root ganglion cells
(S.N.F.Ne3367-92).

VISUAL CONTRAST SENSITIVITY IN SCHIZOPHRENIC PATIENTS
ANTAL, A, KERI, SZ., SZEKERES, GY., SZENDI, I.. JANKA, Z. and BENEDEK, GY.

Department of Physiology, Department of Psychiatry,
Albert Szent-Gyorgyi Medical University, Szeged, Hungary

Schizophrenic patients treated with neuroleptics may develop a clinical picture similar to
Parkinson's disease (PD), presenting a variety of extrapyramidal symptoms. Several studies
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also found a considerable visual contrast sensitivity (VCS) loss in PD mainly at the middle
spatial frequencies of the VCS curve. Studies measuring retinal dysfunctions in drug-induced
PD, mainly VCS function, are rare. In our study static and dynamic VCS was measured in 10
schizophrenic patients and in 10 age and sex matched healthy subjects. Stimuli were vertical
gratings with a sinusoidal profile. Static VVCS was determined at nine spatial frequencies (SF)
(between 0.5 and 14.38 cycles/degree), dynamic VCS was determined at 4 Hz temporal
frequency using a forced choice staircase method. Nine of ten patients were on medication,
taking different doses of haloperidol or risperidone. Static and dynamic VCS decrease was
observed in the patient group at the middle spatial frequencies. The VCS loss was different in
the two groups of patients taking haloperidol or risperidone. In the haloperidol group both the
static and dynamic VCS decreased significantly at the middle spatial frequencies. In the
risperidone group overall static and dynamic VCS loss was observed. The VCS loss depended on
the doses of the drugs, and static and dynamic VCS changed in different manner in the two
patient groups. Our results rise up the possibility that VCS loss observed in schizophrenic
patients can be detected before the appearance of extrapyramidal symptoms. According to the
data of schizophrenic patients taking risperidone, the possible serotonin-dopamine
interactions in the retina and in the VCS function also need to be considered.

AUTOGRAPHIC LOCALIZATION OF DELTA OPIOID RECEPTORS
IN RODENT BRAIN

BAKOTA, L.,1SZIKRA, J,, 1TOTH, G.2 and GULYA, K.1

'Department of Zoology and Cell Biology, Jozsef Attila University, Szeged, Hungary, and
2lIsotope Laboratory, Biological Research Center, Szeged, Hungary

TIPP  (H-Tyr-Tic-Phe-Phe-H), a synthetic, chemically stable ligand, was recently
radiolabeled, resulting a radioligand highly selective and specific for the delta opioid receptors.

Cryostat sections (15 pm) from rat and mouse brains were cut and mounted onto
chromealuminum/gelatin-coated glass slides. Total slide binding was determined by incubation
of the slides for 120-180 min at 25°C in 50 mM Tris-HCI buffer (pH 7,4) containing 5 mg/ml
MgCI2 1 pg/ml bacitracin and 1-3 nM of [3H]TIPP, while nonspecific binding (12-14% of the
total binding) was determined in the presence of 1 pM naltrexone. After incubation the slides
were rinsed 3-SxI0 min at 4°C in 50 mM Tris buffer. While delta opioid selective ligands
blocked the specific binding of [3H]TIPP with high efficiency and selectivity, p- and k-specific
and selective ligands, as well as non-opioid substances were much less effective in displacing
the specific [3H]T1PP binding. Our slide binding experiments determined the maximal number
of binding sites (Bmax) and dissociation constant values (Kd) for rat and mouse brains as
follows: rat, Bmax (fmol/mg prot.) = 15.611.5 and Kd (nM) = 0.46310.15; mouse, Bmax =
23.9110.13 and Kd = 0.8510.12. For autoradiographic studies the sections were apposed to
H-sensitive films for 4-7 months, then developed with conventional photographic methods.
Computer-assisted microdensitometry was employed to analyze the results.

This study demonstrated that [3H]TIPP is a superior ligand for investigating the binding
characteristics and autoradiographic distribution of delta opioid receptors.
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QUANTIFICATION OF ENDOGENOUS ADENOSINE BY PRECOLUMN
ENRICHMENT OF TISSUE SUPERPERFUSATE FLUID

BARANYI. M. and VIZI, E.S.

Institute of Experimental Medicine, Hungarian Academy of Sciences,
H-1450 Budapest, P.O.Box 67, Hungary

Adenosine is an inhibitory neuromodulator in the CNS. However, it is present at only trace
levels in tissue perfusate fluid (<10 pmol.ml ") and it is rapidly deaminated by adenosine
deaminase to inosine.

A sensitive and selective standard addition HPLC method was developed for the
quantification of adenosine in tissue overflow fluid. The acidified and with standards admixed
samples were enriched on a reversed-phase ‘trap column’, which was connected to the system
as an extra valve. The separation was performed on a 3 pm Nucleosil-C18 analytical column,
using an aqueous buffer-methanol/acetonitrile (9010(3.5/1), V/V) as the mobile phase. The
aqueous buffer consisted of 10 mM potassium dihydrogen phosphate and was adjusted to pH
5.55 with potassium hydroxide. The effluent was led to an UV detector operating at 260 nm.
The method was validated for the assay in tissue superfusate solution by determination of the
repeatability (intra day variation), reproducibility (inter day variation) at 15 pmol.mIl1added
amount of adenosine 13.13+1.87, n=8; 13.4111.49, n=18; and 30 pmol.ml1ladded amount of
adenosine 27.7412.26, n=8; 27.0212.98, n=18, respectively, enrichment recovery (91.219.9,
n=265). This direct injection method is applicable to monitoring of released endogenous
adenosine in tissue overflow fluid.

EFFECTS OF AN AMPA-ANTAGONIST ON EPILEPTIC ACTIVITY
EVOKED BY AMINOPYRIDINE IN IN VIVO AND INVITRO MODELS

BARNA, B.,1SZENTE, M.,1 DOCZI, J.2and VILAGI. 1.2

'‘Dept, of Comparative Physiology, JATE University, Szeged;
2Dept. of Comparative Physiology, ELTE University, Budapest, Hungary

Several experimental systems were developed for modelling different types of human epilepsy
and investigating the effects of antiepileptic drugs. Aminopyridine (AP) administration causes
a characteristic spontaneous tonic-clonic activity which resembles the ictal temporal lobe
types of human epilepsy. In our parallel in vivo and in vitro experiments inhibitory effects of
the specific AMPA-type excitatory amino acid receptor antagonist (GYKI 52466) were
analysed on the epileptiform activity evoked by AP in the somatosensory cortex of rats.
Latency of appearance, frequency and length of the spontaneous ictal events were examined
in the primer and mirror epileptic foci of anaesthetised rats and in slices as well. In in vivo
experiments the structure (frequency components) of each ictal periods, in slices the evoked
responses were also analysed in detail.
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Both in vivo and in vitro systems the first epileptic events appeared in 6 minutes after AP
administration. In both experimental systems the inhibitory effect of the GYKI 52466 was
almost the same, both the number and the length of the events decreased about 30 % . In slice
experiments amplitude of the evoked responses was decreased also about 30 %, however length
was decreased more significantly, about 65 %. In anaesthetised rats the rearrangement of
frequency components of each epileptic events was striking as the effect of AMPA
antagonist, the percentage of slow (1-3 Hz) frequency-component significantly decreased in
primer epileptic focus and also in mirror focus.

We can conclude, that although the excitatory amino acid receptor antagonist did not fully
block the seizure events in this aminopiridine-induced model, it significantly reduced the
epileptic activity. This would be useful in development of combined drug delivery in medical
treatment of epilepsy.

NEUROCHEMICAL ORGANISATION OF THE STOMATOGASTRIC NERVOUS
SYSTEM IN OLIGOCHAETES

BARNA, J.,1BANVOLGYI, T.,1ICSOKNYA, M.,1KISS, E.,1ELEKES, K.2and HAMORI, J.'

‘Department of Zoology, Janus Pannonius University, H-7624 Pécs, Hungary,
department of Experimental Zoology, Balaton Limnological Research Institute of the
Hungarian Academy of Sciences, H-8237 Tihany, Hungary

The alimentary canal of oligochaetes is characterized by autonomous rhytmic movements,
probably co-ordinated by intrinsic neurons located in its wall. The gut is additionally regulated
by neuronal elements of extrinsic origin. The stomatogastric nervous system of earthworms
consists of six paired ganglia in the wall of the pharynx and the enteric nerve plexus which is
in subepitheiial position. Little is known, however, about the neurochemical organization of
this system. Therefore, the aim of the present study was to describe certain aspects of the
immunocytochemical organization of the stomatogastric system in two prominent species of
annelids, Lumbricus terrestris and Eisenia fetida, applying antibodies raised againts
neuropeptides (FMRFamide [Fa], proctolin), amino acids (GABA) and monoamines (serotonin
[5-HT], octopamine [OA], catecholamines [tyrosinehydroxylase, TH]), playing important
roles in different synaptic and modulatory events in invertebrates.

Fa-, proctolin-, GABA-, 5-HT- and OA-immunoreactive (IR) neurons can be observed in all
stomatogastric ganglia. The pharyngeal plexus contains additionally TH-1R neurons, indicative
of an enteric catecholaminergic system of intrinsic origin. The number of Fa- and GABA-IR
neurons is higher than that of the other IR-element. Numerous labelled fibers take their origin
from intrinsic perikarya, whereas others, originating from the circumpharyngeal connectives,
enter the subepitheiial plexus via stomatogastric ganglia. All kinds of immunoreactivity
investigated were detected in these fibres. OA- and GABA-IR cells were additionally revealed in
the epithelial layer of the pharynx.

Our results clearly show that the neurochemical character of both the extrinsic and intrinsic
nerve elements in the stomatogastric system of oligochaetes seems to be more diverse than in
other invertebrates (Selverston and Moulins, 1987; Marder et al., 1995). The studied signal
molecules appear to be involved in both ganglionic (integrative) and peripheral (muscular)
processes.
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Our observation is the first report for invertebrates on the occurrence of OA-IR neurons in
the peripheral nervous system, suggesting that this important neuromodulatory substance may
also have an intrinsic effector function in annelids.

The dorsal and caudal wall of the pharynx is connected with the muscle fibers of the body
wall, therefore we suggest that the regulation of the body wall musculature is also performed by
neuronal elements of the pharyngeal plexus. For the epithelial GABA- and OA-IR cells, a yet
unknown endocrine function of these substances cannot be exluded.

Supported by an OTKA grant No. 1672B. to M. Cs.

SYNTHESIS OF NEURAL NETS BASED ON SPIKE
RECORDS -A MODEL STUDY

BAZSO, F.land LABOS, E.2

"Biophysics Department, KFKI Research Institute for Particle and Nuclear Physics of the
Hungarian Academy of Sciences, H-1525 Budapest, P.O. Box 49, Hungary
MTA-SOTE EKSZ, Neurobiology Research Group H-1450 Budapest, Hungary

Neuronal firing data incorporate information about their generating networks. Neural network
synthesis ends with presentation of connections and parameters for units and inter-unit
dynamics. It is based either on real or fictitious spike records and complementary premises.
While network synthesis may be algorithmic (even automatic), the results are rarely
necessary, more often sufficient, i.e. correspond to cases of possible explanations. Often
incomplete interpretative networks are obtained.

In any algorithmic net synthesis an a pnori standardization of the steps and data are
necessary. A synthesis algorithm (called state recognition method, L.E., 1980) was tested
applied and developed further. It is as follows. - [1] - Replace spikes by time points. - [2] -
Derive integer sequence reflect temporal densities. - [3] - Extract dynamic and statistical
conclusions, from single or multiple sequences. These steps are more or less traditional. Their
relation to effective net - synthesis is indirect. - [4] - Both binary and many-valued temporal
logical description of sequences are possible. - [5] - Instead of (peculiar or conventional)
statistical description, a non arbitrary automata synthesis is carried out. Machine outputs
correspond to sequences (see in [3] ) representing original spike record data. Automata may
include both mono- and special multi-threshold gates. - [6] - Intuitive (informal, heuristic)
steps, e.g. which aim to determine socalled essential and ignorable features of records, are
necessary and represent the hardest ones.
Conclusions: (1) - The synthesis results are not unequivocal and this cannot be eliminated.
Restrictions may reduce the number of alternative solutions. External information is useful to
choose. Optimizations may also select from results. (2) - Goodness of fit depends strongly on
the crucial step [6]. (3) - Statistical descriptions give complementary insight. (4) -
Differences in explanations stem from step [6].

Acknowledgement - The work was supported by OTKA (Grants TO13014)
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EFFECT OF ACIDIC PH ON NEURONS OF THE TRIGEMINAL GANGLION

BECZE, ZS., CZEH, G. and SZOLCSANYI, J.

Department of Pharmacology, Medical School of Pécs
H-7643 Pécs, Szigeti Ut 12, Hungary

It is well known that capsaicin acts on the B-cell population of the sensory ganglia. This
effect is mediated by capsaicin receptor-gated cation channels. It has previously been proposed
that protons (pH 6.0) would be the natural activators of these channels. Others have
demonstrated some differences between the effects of capsaicin and acidic fluids in cultured
DRG cells. The aim of the present study was to introduce a new technique to investigate acidic
pH and capsaicin action upon neurons of the trigeminal ganglion isolated from young rats.

3-14 days old Wistar rat pups were used. Under ether anaesthesy the trigeminal ganglia were
quickly removed and dissected in chilled oxigenated artificial cerebrospinal fluid (ACSF). The
ACSF contained in mM: 124 NaCl, 3.5 KC1, 1.8 CaCl2 1.2 Mg S04 12 KHZ 04 26 NaHCO03
10 glucose. In some cases the connective tissue was digested with trypsin (4 U/mg).
Ophthalmic nerve was cut and prepared for stimulation with suction electrode.

Intracellular recordings were made from over 100 cells of which 82 were suitable for further
characterisation. Criteria for further analysis of the impaled cells were overshooting action
potential over 50 mV and at least 5 min. duration of stable membrane potential. Input
resistance of these cells fell in the range of 10 and 50 MOhm with membrane time constant
around 5 ms. Time and voltage dependent rectification was strong especially in cells which
fired short (<2 ms) duration of action potential (A cells). Those of over 5 ms were considered
cells with C-fibers. In the majority of cases conduction velocity of the fibers were measured.
Long duration action potentials came from cells with axons in the ophthalmic nerve
conducting impulses with a speed below | m/sec.

Four cells survived testing in their membrane properties in acidic pH, 8 in capsaicin and 3
cells in both acidic pH and capsaicin. Although rectification was suppressed both by acidic pH
and capsaicin, firing threshold of the cells appeared to be increased by capsaicin only. The
method seems suitable for further analysis of the effects of the acidic pH and capsaicin on
trigeminal ganglion cells with axonal processes.

DOPAMINE ASA LINK BETWEEN NORADRENERGIC NERVE
TERMINALS AND SPLENOCYTES

BENCSICS, A.,1SERSHEN, H.,2BARANYI, M.,! HASHIM, A..2LAJTHA, A.2and VIZI, E.S.1

'Institute of Experimental Medicine, Hungarian Academy of Sciences,
H-1450, Budapest, P.O. Box 67, Hungary and
Nathan S. Kline Institute, Center for Neurochemistry, Orangeburg, NY 10962, USA

Although dopamine (DA) has been shown to be a neurotransmitter in many peripheral tissues;
it is generally accepted that the spleen does not receive dopaminergic innervation.
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Nevertheless, it is one of the well-established, noradrenergically innervated tissues. The
existence of DA receptors on splenocytes has been shown; and functional studies suggested
that they may have a role in the regulation of immunocompétence. The possible source of
immunoregulatory DA in the spleen has not been validated yet. Therefore, the aim of our
study was to clarify whether noradrenergic nerve endings might serve as a source of
immunoregulatory DA in the spleen.

The effect of supramaximal electric field stimulation on [3H] released from rat spleen strips
was studied after being loaded with either [3H]dopamine ([3H]DA) or [3H]norepinephrine
([H]NE). In some experiments, [3H]DA and [3H]NE stored in the tissue or released in
response to electrical stimulation were separated from their tritiated metabolites using HPLC
followed by radiochemical detection.

The stimulation-evoked release of [3H] after loading with either isotopes was a subject to
negative feedback modulation through a2adrenergic, D2dopamine and muscarinic

acetylcholine receptors, and could be prevented by either calcium removal or tetrodotoxin
blocking of Na+ influx which indicated its neuronal and vesicular origin.

After the separation of radioactive metabolites by HPLC, both the tissue loaded with
[H]DA and the fractions collected during its electrical stimulation contained a considerable
amount of [3H]NE, providing evidence that the neurons it originated from were adrenergic in
function and were able to take up DA, convert it into NE, and release it as NE in response to
neural activity. Tritiated DA was also released during electrical stimulation, possibly from the
small synaptic vesicles (SSVs) since SSVs do not contain DBH, and the synthesis of NE from
DA appears to be restricted to the LDCV population. The ratio of [3H]DA and [3H]NE in the
spleen loaded with [3H]DA was found to be dependent on both temperature and the time of
loading, and could be modulated by various drugs such as desmethylimipramine, a NE uptake
blocker, and fusaric acid, a dopamine b-hydroxylase inhibitor.

Our data suggest that there is a possibility for the regulated exocytosis of DA from the
noradrenergic nerve endings of the spleen during sympathetic activation, that is, beside NE,
DA also seems to fulfill the criteria for being a sympathetic neurotransmitter in the spleen in
spite of the lack of dopaminergic innervation. Under physiological conditions, the source of
DA being taken up to noradrenergic terminals could be circulating DA, especially during stress,
since exposure of an organism to a variety of stressors that increase sympathetic tone is
accompanied with an increase in plasma concentrations of DA. Thus, DA accumulated in
noradrenergic varicose axon terminals and released into a small volume around the nerve
endings would therefore be able to reach a local concentration high enough to exert an
immunomodulatory effect on splenocytes. An existence of a similar mechanism for DA being
collected and released in high concentrations by noradrenergic sympathetic terminals into
extracellular space was suggested for the fine tuning by DA of local circulation and aldosterone
synthesis in the zona glomerulosa. Our finding may reveal a new mechanism by which
splenocytes can be regulated by the neuroendocrine system.
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SOCIAL RECOGNITION TEST, AS ATOOL OF MEASURING
SHORT-TERM MEMORY IN RATS

BENCE, J., BARANYI, A. and PASCAL, M.

Pharmacology of Central Nervous System, CHINOIN Co. Ltd.,
H-1045 Budapest, T6 u. 1-5, Hungary

The social olfactory recognition test is based on the observation that an adult male rat
investigates a conspecific juvenile rat less during the second of two successive exposure, when
the time interval between the encounters is relatively short. The diminished investigation is
considered as recognition of the conspecific, and it is not present when a novel juvenile is
encountered during the second exposure.

The test can easily be carried out using a protocol as follows: An unfamiliar juvenile rat is
placed in the home cage of an adult rat for 5 min. The time spent by the adult in investigating
the juvenile (close following, head-, body- and anogenital sniffing, grooming) is recorded.
Following a time interval the same juvenile or a novel one is placed in the home cage of the
adult rat for a second exposure period of 5-minute. When the time interval between the first
and second encounter is 30 min, the adult rat investigates the novel juvenile more than the
same juvenile. With a time interval of 120 min the adult rat investigates the same and novel
juvenile equally, indicating that social recognition is not present any more, i.e. based on short-
term memory processes.

Furthermore, the social recognition test has been shown to be sensitive to cholinomimetics.
In the present experiment we studied the ability of some other treatments to facilitate short-
term olfactory memory in comparison with Tacrine. The AChE inhibitor Tacrine, the
nontropic agent Piracetam, the MI receptor agonist SR-46559A and a prolyl-endopeptidase
inhibitor JTP-48 19 were administered intraperitoneally to adult rats immediately after the
first exposure at doses of 3, 500, 0.5 and 5 mg/kg, respectively. Social recognition was
observed after an interexposure interval of 120 min (using the same juvenile rat), while rats
injected with saline did not show any social recognition. These results suggest that these drugs
affect the short-term memory related processes involved in social recognition of rats.

Reference

Terranova, J.P. et al: Social olfactory recognition in rodents: deterioration with age, cerebral
ischaerpia and septal lesion. Behavioural Pharmacology (1994) 5: 90 - 98.



PANORAMA CODE: SPATIAL INFORMATION INTHE DISCHARGE OF
CORTICAL NEURONS

BENEDEK, G., KOVACS, G., CHADAIDE, Z. and SARY, G.
Department of Physiology, Albert Szent-Gyorgyi Medical University, Szeged, Hungary

Dimensions of perception are represented in the mammalian brain predominantly by orderly
maps containing sharply tuned neurons. Thus the location of particular stimuli might be
represented by neuronal responses to stimuli from circumscribed parts of the space. There is a
possibility, however, for unconventional coding of stimulus dimensions; e.g. it has been
described that temporal firing code represents sound location in the feline cortex
(Middlebrooks JC, Clock AE, Xu L, Green DM et al., 1994). The extremely large visual
receptive fields of the neurons in the anterior ectosylvian cortex of the cat permits the testing
whether or not this type of coding may also occur in the visual information processing.

We tested therefore the firing of visually responsive neurons in the cortex along the cat
anterior ectosylvian sulcus (AES) as a function of stimulus location in the receptive fields.
These neurons possess receptive fields that occupy most of the contralateral lower quadrant
and additionally a substantial portion of both the contralateral upper quadrant and the
ipsilateral hemifield: The neurons are sensitive to stimuli moving rapidly in a particular
direction.

Stimulation was provided as a visual noise moving in a 8° x 8° window on a screen placed 57
cm in front of the eye. The position of the window was varied pseudorandomly within the
frame of a 24° x 32° matrix that covered exclusively visually responsive areas. Single unit
activity was recorded extracellularly in barbiturate anaesthetized, immobilized, artificially
respirated cats.

A statistical analysis of neuronal firing rates showed that there was a significant difference
between the responses to individually located stimulation within the receptive fields. In all
receptive fields there was a best-responding area, the location of which showed no preference
to any part of the receptive field. No significant difference was found between the firing rate
in response to the stimulation of the best responding area and the most remote area in
horizontal or vertical direction. There was a significant difference, however, between the
responses to stimuli appearing on the contraletaral versus the ipsilateral side of the vertical
meridian.

Our results suggest a unique activation pattern in the AES cortical visual area, in which a
stimulus from nearly any location of the visual field activates a diffuse population of neurons.
These active neurons may code the approximate location of the visual signal. The accurate
location of the stimulation can be established by the compound activity of the neurons with
similarly organized neurons in this part of the feline cortex.



INTERACTION BETWEEN A NOVEL, PUTATIVE ANXIOLYTIC DRUG,
EGI1S-7848, AND THE OPIOID SYSTEM

Bilkei-Gorz6,A., Gyertyan, |, Gigler,G. and Lévay,Gy.

EGIS Pharmaceuticals Ltd., H-1475 Budapest 10, P.O. Box 100, Hungary

EGIS-7848 a styryl isoquinoline compound showed strong anxiolytic activity in a series of
models minimum effective dose in Vogel punished drinking test 0.001 mg/kg; in elevated plus
maze test. 0.1 m/kg, in hole-board test: 0.003 mg/kg: in social interaction test: 0.1 mg/kg. The
compound did not show binding to any of the following receptors: adrenenergicai; a2i R,
dopamine 1 and 2, serotonin la, 2a, 2c¢, 14 benzodiazepine, 2,3-benzodiazepine and
cholecystokinine. In vitro binding studies also revealed that EGIS-7848 did not bind the d,k,m
opiate receptors, either However, some in vitro preliminary data indicated that an interaction
may exist between the compound and the opiatergic system. The aim of the present study was
to examine the nature of this potential interaction. The anxiolytic effect of EGIS-7848 was
antagonized by the opiate m receptor antagonist naloxone in the elevated plus maze test.
Similar effect was observed in mCPP-induced anxiety paradigm, where both naloxone and
naltrexone significantly and dose-dependently antagonized the anxiolytic activity of the
compound EGIS-7848 failed to significantly influence morphine-induced analgesia (a direct, m
receptor mediated effect in the hot plate method. However, it dose-dependently potentiated
morhpine induced catalepsy in mice (indirect effect of morphine via the dopaminergic
system). The results confirm the existence of an interaction between EGIS-7848 and the
opioid system. Our findings suggest that the opiatergic system might be involved in the
(presently unknown) mechanism of anxiolytic action of the drug. However, on the basis of the
in vitro data and the present series of experiments we suppose, that the observed interaction
of EGIS-7848 with the opiatergic system is probably not the result of a direct effect on the
opioid receptors.

BRLP-42 AMELIORATES DEFICIENT NERVE CONDUCTION VELOCITY AND
SPINAL REFLEX INTEGRATION INDIABETIC RATS

BIRO, K. and KUKORELLI, T.1

BIOREX Res. & Dev. Co., Veszprém,
'‘Department of Comparative Physiology, E6tvds Lorand University, Budapest, Hungary

Diabetic neuropathy (DN) impairs both sensory and motor functions. Small sensory fibers are
affected first followed by large motor fibers, in the lower extremities of diabetic patients with
polyneuropathy. DN reduces nerve conduction velocity (NCV) and disturbs central integrative
(synaptic) mechanisms. Endoneurial hypoperfusion and subsequent hypoxia contribute to the
aetiology of diabetic nerve dysfunction. The HSP-70 coinducer BRLP-42 (BIOREX,
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Hungary), a drug under development against diabetic complications, prevented experimental
retinopathy and neuropathy in previous studies.

The effects of therapeutic treatment with BRLP-42 on existing motor and sensory
neuropathy in streptozotocin (STZ)-diabetic rats were examined in two experimental
arrangements (I and Il). Diabetic abnormalities of monosynaptic extensor- (ER) or
polysynaptic flexor reflexes (FR), defined by electromyograms (EMGs), served to determine
muscle motor and sensory NCVs (MNCV and SNCV, resp.) in sciatic nerve (l) or withdrawal
function in response to painful skin stimulation (I1).

Diabetes was induced with a single i.v. bolus (45 mg/kg) of STZ in male Wistar rats. Daily
oral treatment with 20 mg/kg BRLP-42 was given after 1 month of untreated diabetes for a
further month (I) or 3 weeks, followed by a 1-week washout period (II). Electrophysiological
measurements were performed under anesthesia (ketamine or urethane-chloralose i.p.). ER was
elicited by bipolar needle electrodes stimulating the sciatic or tibial nerve at the end of the
treatment period. Latencies of the two components of averaged evoked EMGs recorded from
plantar muscles and the distance between the two stimulation points were used to calculate
MNCYV and SNCV. FR (averaged EMG of tibial muscle) was evoked weekly by a stimulus train
delivered to the plantar surface. Magnitude of FR as the subcurve area and the peak latency of
the highest component were determined. Time course of BRLP-42 induced recovery of
diabetic deficiency of nociceptive FR was studied.

Diabetes produced 24% and 25.8% (p<0.05) decreases in MNCV and SNCV, resp., compared
to non-diabetic control. Administration of 20 mg/kg/day BRLP-42 over 1 month partially
reversed (by 67.9% and 74.0%, resp., p<0.01) the motor and sensory deficits. This fact
indicates that therapeutic treatment is as effective as the preventive one against peripheral
neuropathy.

Magnitude of tibial FR was reduced by 42% due to 1-month diabetes. BRLP-42 treatment
caused a progressive improvement, which was significant after 1 week (27.3%, p<0.05),
almost full normalization being achieved by the end of the 3rd week (87.5%, pO.0O0Il). FR
declined to diabetic level after interrupting the treatment for 1 week. The peak latency was
shortened by 27% with diabetes. Its maximum improvement (45% p<0.01) was reached within
1 week, however, it remained shorter than the onset value after withdrawal. This finding
suggests that BRLP-42 can normalize the diabetic hypoalgesia, the main cause of the
development of neuropathic ulcer.

It is concluded that BRLP-42 ameliorates deficient NCV and spinal reflex integration in
diabetic rats. The compound is thought to act by promoting nerve survival and/or
regeneration.

RHODOPSIN KNOCKOUT MOUSE AS AN ANIMAL MODEL INTHE GENE
THERAPY OF RETINITIS PIGMENTOSA

BOROS, A.,1FEKETE, E.,1HUMPHRIES, M.,2FARRAR, G..1.,2KENNA, P.,2RANCOURT, D.,2
ERVEN, A.,2GULYA, K.land HUMPHRIES. P.2

‘Department of Zoology and Cell Biology, J6zsef Attila University, Szeged, Hungary and
department of Genetics, Trinity College, Dublin University, Dublin, Ireland

Retinitis pigmentosa (RP) is a common term of many human inherited retinopathies. These
debilitating disorders collectively represent the most frequent inherited forms of human visual
handicap with an estimated prevalence of approx. 1 in 3000. RP may be inherited autosomal



dominantly, autosomal recessively or in an X-linked fashion. RP involve the death of rod
photoreceptor cells which ends in total blindness.

The genetic aetiology has been shown to have its origins in defects of rhodopsin and
peripherin/RDS proteins. Genetic linkage studies have identified the location of loci
responsible for RP in the rhodopsin gene on chromosome 3.

For the exploration of any possible gene therapy of RP, 1) we worked out a delivery
system, to introduce the therapeutic gene carrying vector to the neural retina, 2) we used
naked plasmid alone or with DOTAP constructed with reporter gene driven by
cytomegalovirus or bovine rhodopsine promoter to investigate the possible expression of
foreign genes within ocular tissues, 3) we also investigated the histology of the retina of the
rhodopsin targeted mice, which might serve as an animal model of the gene therapy of RT

Results of gene delivery: Although the applied method of the gene delivery is effective in
transfecting of the photoreceptor cells, the results are not long-lasting (2 months) and
accompained by retinal degenerations.

The retina of the rhodopsin knockout mice: the targeted mouse obviously has
photoreceptor cell degeneration, i.e. the absence of rhodopsin immunoreactivity, and the loss
of membrane discs of the outer segment. These animals might serve as an animal model in the
exploration of gene therapy of RP.

CHRONIC MORPHINE INDUCED CHANGES OF SPINAL AND
SUPRASPINAL p OPIOID RECEPTOR BINDING IN RAT CNS

BOZO, B., TOMBOR, B,, FABIAN, G., SZIKSZAY. M. and SzUCS, M.

Institute of Biochemistry, Biological Research Center, Hungarian Academy of Sciences,
"institute of Physiology, A. Szent-Gyorgyi Medical University, Szeged, Hungary

Chronic morphine administration leads to tolerance and dependence, but the molecular bases
of these phenomena are poorly understood. In the present work morphine tolerance of Wistar
rats was achieved by s.c. injecting increasing doses of morphine-HCI twice daily for 5 days, or
administrating morphine in the drinking water for 3 weeks. Binding parameters of p opioid
receptors were measured with the specific peptide agonist [HI[DAMGO. Neither the Kp) nor
the Bmax values changed in crude membrane (P2) and synaptic plasmamembrane (SPM)
fractions after morphine tolerance developed. In contrast, the Bmax of [3H][DAMGO binding
was significantly increased after chronic morphine injection in the microsomal (MI) fractions
representing intracellular binding sites.

We also examined the p opioid binding sites in subcellular fractions of rat brain by means of
affinity labeling with the chloromethyl ketone derivative of DAMGO, [3H]DAMCK followed
by SDS-PAGE and autoradiography or gel slicing. Specific incorporation of the label was noted
into the 50kDa binding subunit to a similar extent in control and morphine treated rat brain
membranes.

Functionality of the p opioid binding sites was tested by measuring Gpp(NH)p inhibition of
[3H]DAMGo binding, or ligand stimulated [3S]GTPyS binding in P2, SPM and MI fractions.
No significant alteration was observed in the coupling of cell surface p opioid receptors to G-
proteins in the treated brains over those in untreated rats. However in Ml fractions the
stimulation increased after morphine treatment.



The Bmax for [HIDAMGO binding site increased by 80% in the spinal cord P2 membranes
of Wistar male rats but decreased in that of female rats after chronic morphine injection. In
contrast, p opioid binding increased in both male and female rats when morphine was
administered in drinking water.

These results show that multiple molecular mechanisms accompanied morphine tolerance
in rat CNS which are influenced by several factors including the route of administration, sex,
cellular and subcellular localisation.

This work is supported by OTKA T-16084 and the U.S.-Hungarian Science and
Technology Joint Fund No. 564.

DETECTION OF SEROTONIN 5-HT3 RECEPTOR IN HUMAN BRAIN
MICROVESSEL ENDOTHELIAL CELL CULTURE

BUGOVICS, GY.,1VASTAG, M.,2JEANPLONG, F.land NAGY, Z.2

'institute for Drug Research and
National Stroke Centre, National Institute of Psychiatry and Neurology

Human brain microvessel endothelium as the structural basis of the blood brain barrier (BBB)
allows the ultra-stable milieu in the central nervous system. Many vasoactive compounds
interfere with the barrier properties of this endothelial cell monolayer. It is well known that 5-
hydroxytryptamine (5-HT; serotonin) influences the integrity of the BBB. The 5-HT2
receptors have been characterized on the vascular endothelium. It is reasonable to suggest, that
these receptors are responsible for serotonin evoked BBB opening via an increase in vesicular
transport.

On the other hand 5-HT3 receptors have been demonstrated in different region of the brain
tissue! But not in the endothelium. These 5-HT3 receptors are the only known subtype of
serotonin receptors that belongs to the family of ligand gated ion channel proteins.

In the present study we detected the expression of mMRNA of 5-HT3 receptors in human
brain microvessel endothelial cell culture (HBEC). HBEC were isolated and cultured from
human brain capillaries with standard procedure as we published previously, and the cells were
characterized by Dil-Ac-LDL uptake and by the visualization of von Willebrand factor. RT-
PCR method was applied to detect the 5-HT3 receptor mRNA from the primary cultures.

We demonstrated, that human brain microvessel endothelial cells are capable of expressing
5-HT3 receptor mRNA. It could be hypothesized that, 5-HT3 receptors influence the

endothelial function.
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STUDY OF K-OPIOID RECEPTOR EXPRESSION BY IN SITU HYBRIDIZATION

CSERPAN, E,, WEVERS, A.* SCHRODER,* H. and MADERSPACH, K.

Institute of Biochemistry, Biological Research Center, Temesvari krt. 62, Szeged, Hungary
*Dept. of Anatomy, Univ. of Kdln, Joseph-Stelzmann Str. 9, D-50931 KéIn, Germany

The K-opioid receptors have an important role in the early development of the nervous
system. The aim of the present study was to determine the K2opioid receptor expression
patern in different model systems: a/ primary neuronal cell cultures (from the forebrains of
seven-day-old chick embryos), bl granule cell cultures (from the cerebella of seven-day-old rat,
¢/ human cortical sections (area A4, Al0).

Radioligand binding studies with non-selective antagonist (naloxon) revealed, that the
expression of K,-opioid receptors increase during the timecourse of the cultivation until the

seventh day then declines. We performed an immunocytochemistry on the cell cultures and
cortical sections with mAb, KA8 which is specific for K -opioid receptor. In accordance with

the radioligand binding, the density of the immunostaining increased until the seventh day of
cultivation. In the granule cell cultures, type Il astocytes displayed K2receptor

immunoreactivity. The number of the labelled cells and the density of labelling increased until
the fourth day of cultivaton. In the human prefrontal cortical sections (area 10) the
pyramidal-like neurons in layers 1l/1ll and V displayed primarily immunostaining.

Comparing the distribution patern of the K2-opioid receptor immunocytochemistry and K-
opioid receptor mRNA we performed in situ hybridization study applying oligonucleotide
probes (sense and antisense, -36 bp to + 12 bp), on the basis of the known K,-opioid receptor
nucleotid sequence. The probes were 3'-endlabeled with digoxigenin-11-ddUTP, the specific
hybrides were detected with anti-digoxigenin-AP.

We found, that in the granule cell cultures the type Il astocytes, expressed K,-opioid
receptor mRNA. The number of labeled cells and the density of labelling increased until the
fourth day of cultivation in agreement with the result of the immunostaining. In the human
prefrontal cortex (area 10) the pyramidal-like neurons in layers 1l/1Il and V expressed
primarily K;-opioid receptor mRNA. In addition multiform neurons in layer VI were also
labeled. In the motor cortrex (area) the distribution of K,-opioid receptor mRNA expression
closely resembled that of A10. Furthermore, some neurons in deeper layer 1l and the Betz
giant pyramidal neurons were marked. K,- and K2opioid receptor protein are colocalised in the
studied systems either/or the K,-probe also hybridize with the of K2receptor mRNA.
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NUMBER AND DISTRIBUTION OF GAD6S MRNA-CONTAINING NEURONS IN
THE RAT HIPPOCAMPAL FORMATION

CZEH, B.1SERESS, L.1and HOUSER, C.2

'‘Department of Physiology, University Medical School Pécs, Hungary and

Brain Research Institute and Department of Anatomy and Cell Biology, University of
California, Los Angeles, CA 90024-1761, U.S.A.

The number and distribution of GABAergic inhibitory neurons was examined in the
hippocampal formation using the presently available most reliable method, the GAD mRNA in
situ hybridization. Adult male Sprague-Dawley rats were used. 30 mm thick coronal sections
were cut and every tenth section was processed for GADG® in situ hybridization as described

previously (Esclapez et al., 1993). Similar sections from other animals were stained with
Cresyl Violet. In addition, serial 10 mm thick coronal sections were cut and stained with Cresyl
Violet for total cell counts of principal cells.

The number of GAD-positive cells was counted at 15 levels along the septo-temporal axis.
The individual sections were drawn into a computer and the location of each individual cell of
that section was plotted. The total number of neurons in the different layers of the different
areas (strata oriens, radiatum and lacunosum-moleculare of the CA1-CA3 areas of Ammon's
horn, hilus and molecular layers of the dentate gyrus) was estimated from Cresyl Violet stained
sections at the same septo-temporal level.

The number of GAD-positive cells in the rat hippocampal formation is approximately
100.000, that is much higher than previously estimated. Approximately 1/3 of the inhibitory
cells is found in the dentate gyrus and 2/3 of them locates in Ammon's horn. Our data and the
the data found in the literature suggest that the number of granule cells is 1 million in the
dentate gyrus, and the number of pyramidal cells is 400.000. The ratio between pyramidal and
GABAergic cells is close to 7:1, which is comparable to the ratio found in neocortex (4:1). In
contrast, the ratio between granule cells and GABAergic neurons is larger, being around 40:1.
In the Ammon's horn, GABAergic cells are distributed almost equally in the different layers,
except for the stratum lacunosum-moleculare which contains only a few cells. Examination of
Nissl stained sections suggests that all neurons are GABAergic in the non-principal cell layers
of Ammon's horn (strata oriens, radiatum, lucidum and lacunosum moleculare). In the dentate
gyrus, the majority of GABAergic cells is located in hilus and at the hilar border of the granule
cell layer. There are a few cells in the molecular layer, where, except for the non-aligned
granule cells, all of the neurons appear to be GABAergic. In the hilar region of the dentate
gyrus approximately 50% of the neurons showed GAD-positivity (range in individual sections
varied between 45-65%), confirming our previous suggestion that half of the hilar neurons are
GABAergic (Seress and Ribak, 1983).
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AN INTRACELLULAR STUDY OF KAINIC ACID INDUCED
HYPEREXCITABILITY OF CA3PYRAMIDAL CELLS

CZEH, B.1land CZEH, G.2

'‘Department of Phsyiology and
ZPharmacology, University Medical School of Pécs, H-7643 Pécs, Hungary

In slices of adult rat hippocampus made from control animals and rats exposed to 600-rad
Xray irradiation, responses were studied to kainic acid (KA) application upon the CA3 subfield.
Neonatal irradiation reduced the number of granule cells in the dentate gyrus significantly, as
revealed by histological procedures. Slices were cut from 4-8 week old rats, and data were
discarded if irradiation failed to destroy at least 60% of granule cells in the dentate gyrus of the
slice studied with electrophysiological techniques. Conventional techniques were used to
maintain the slices in a recording chamber and for intracellular recordings. In 24 slices, the
impaled cells were labeled with biocytin for subsequent anatomical investigation. KA (300-500
nM final concentration) were diluted fresh in the oxygenated bath fluid and delivered using a 3-
way tap system. Intracellular recordings was made in the cell body layers of CA3 and dentate
areas. Over 80 impalement were accepted for detailed analysis of passive properties and
synaptic potentials of the cells. CA3 cells had 40-80 MOhm input resistance and 18-20 ms
membrane time constant. These data fell in the range of those found in non-irradiated rats.
The action potentials were larger than 60 mV. All CA3 cells in the irradiated rats discharged to
MF volleys, and many cells fired more than one spike to single MF volleys. IPSPs of short
(about 50 msec) duration commonly followed the initial excitatory component. KA facilitated
the excitatory components of evoked postsynaptic responses. Around 40% of pyramidal cells
in irradiated rats fired recurrent bursts of 4-10 action potentials on top of a large depolarizing
wave after KA application but before depression of evoked responses to presynaptic volleys.
Kainic acid induced bursts were more often found in cells impaled in slices cut from the
temporal than from the septal part of the hippocampus. Many other impaled cells reacted
with an increase of 'spontaneous’ PSP activity and some depolarization to kainic acid, but no
bursts were detected in them. On the other hand, all healthy CA3 pyramidal cells respond with
bursting to KA application in slices from non-irradiated rats. Thus in contrast with normal
CA3 pyramidal cells (Ben-Ari and Gho, J. Physiol. 404, 1988) not all pyramidal cells in
irradiated rats react to KA with bursting. On the other hand our data on some pyramidal cells
which do react to KA with bursting is slices from irradiated rats contradict the conclusion of
Gaiarsa et al (J. Neurophysiol. 71, 1994) that neonatal irradiation prevents the epileptic
action of KA in rats. We propose that partial removal of MF inputs to CA3 pyramidal cells
reduces but does not prevent KA induced hyperexcitability. Quantitative measures of granule
cells lost or preserved MF terminals may explain the considerable differences found among
cells and slices.
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EFFECT OF LONG-TERM (-) DEPRENYL TREATMENT ON THE LIFE SPAN
AND COPULATORY ACTIVITY IN FEMALE RATS

DALLO, J.

Department of Pharmacology, Semmelweis University of Medicine,
H-1445 Budapest, Hungary

Previously it was found that longevity treatment with (-) deprenyl extended the life span in
sexually inactive male rats and increased their copulatory activity (Knoll, Dallo, Yen, 1983).
Experiments were conducted whether this observation could be detected in female rats as well.

A group of females was made sexually inactive by ovariectomy without hormone
replacement. They were treated with physiologic saline (N=9) and (-) deprenyl in a dose of
0,25 mg/kg sc. three time a week, (N=9) from six months of age till decay. It was found that
each physiologic saline treated female rat decayed within fifteen months. At the same time
the () deprenyl treated group was still alive. (-) Deprenyl treated females started to decay
slowly, after seventeen months and the last (-) deprenyl treated females decayed 43 months
after the treatment.

Sexual activity was quite absent in both groups. The dissociation of the life span and
copulatory activity in female rats suggests the elementary role of the ovarian steroids in the
observed effect.

EXPRESSION OF OPIOID RECEPTORS IN CEREBRAL ENDOTHELIAL CELLS

DELI, M.A.,1KRIZBAI, 1.A.,1SZABO, A.CS.,1ANDRAS, I.,1BAJENARU, L.M.,2
MADERSPACH, M.2and JOO, F.1

‘Laboratory of Molecular Neurobiology, Institute of Biophysics, and
institute of Biochemistry; Biological Research Center of the
Hungarian Academy of Sciences; H-6701 Szeged, P.O. Box 521; Hungary

Cerebral endothelial cells (CECs) regulate the entry of solutes, macromolecules and immune
cells from the blood, circulation to the brain tissue in the majority of vertebrates, providing a
separate compartment for the central nervous system. Monolayers of endothelial cells derived
from cerebral capillaries, proved to be excellent objects for studying the blood-brain barrier
(BBB) in vitro. Opioid receptor binding was first demonstrated in isolated cerebral microvessels
by Peroutka et al. 1980, using JH]-naloxon and DALE. Later, p-opioid receptor agonists
were shown to increase the permeability of the BBB through central histaminergic and
cholinergic systems (Baba et ah, 1988).

Our studies, carried out on primary rat CEC cultures, were designed to investigate the
presence of opioid receptors on the BBB. Dot-like perinuclear immuno-reactivity was
visualized in the cytoplasm of cultured CECs with a monoclonal antibody KAS8, raised in mice
against Ic-opioid receptor enriched frog brain membrane fractions, recognizing K-, but not p-
and 5-opioid receptors (Maderspach et ah, 1991). In addition, low affinity and low capacity
binding sites were revealed by 3[H]-naloxon-binding assay performed on intact cultures, cell
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suspensions and cell homogenates. By using RT-PCR with primers specific for different opioid
receptors we could demonstrate the expression of k- and 5-subtypes.
The presence of these receptors may confer responsiveness to endogenous opiates on CECs,
and may participate in the regulation of BBB permeability.

Supported by OTKA (T-14645, F-12722), MAKA (JFN0392) and ETT (T-04 029/93).

HIGH FREQUENCY CORTICAL ACTIVITY IN DEEP URETHANE
ANESTHESIA IN RATS

DETARI, L,, SZENTGYORGYI, V. and KUKORELLI, T.
Department of Comparative Physiology, E6tvds Lorand University, Budapest, Hungary

Frequency and amplitude of cortical EEG waves have been considered as indicators of the level
of thalamo-cortical activation since the classical works of Berger describing 5, 0, a and R
patterns. Recently, a new high-frequency rhythmic activity around 40 Hz receives
considerable attention. While there is no general agreement about the functional implications
of this pattern, it is usually associated with high levels of attention or consciousness. One
important exception seems to be its occurrence during REM sleep, but this sleep stage
resembles highly activated wakefulness at the thalamo-cortical level. In agreement with the
correlation between EEG patterns and thalamo-cortical activity, most drugs used to induce
general anesthesia cause slowing of the EEG. At deep levels of anesthesia suitable for intensive
surgical manipulations, a special EEG pattern not found in undrugged animals might appear. It
consists of few-second long inactive periods followed by short epochs of EEG activity and
therefore it is called burst-suppression.

In experiments aimed to analyze the correlation between basal forebrain (BFA) neuronal
activity and cortical EEG patterns we observed that in deep urethane anesthesia, when EEG is
characterized by burst-suppression pattern, fast waves close to 40 Hz can appear during the
active periods of the EEG in parallel with an activation of the wake-active neurons in the
BFA. In a follow-up, we examined the occurrence and characteristics of these waves in 8 rats
chronically implanted with cortical and hippocampal electrodes for other purposes and in 10
acutely prepared rats. Using appropriate filter settings (0.16-100 Hz) and high sampling rate
(200 Hz), it became clear that the active EEG epochs consisted of 500-800 millisecond long
shifts which were negative at the level of the pyramidal cells. On the descending part, a sharp
deep-positive wave appeared in most cases, followed by a burst of more or less rhythmical
waves superimposed on the long deep-negative shift. The frequency of this waves seemed to
depend on the abruptness of the descending part of the shifl. The shifts usually were largest on
the frontal and smallest on the occipital cortex, but they were generalized and could be
observed in the hippocampus as well. Due to their generalized occurrence, the shifts were best
seen in transcortical recordings between the piai surface and the pyramidal layer, and all but
disappeared in bipolar recordings, when only the superimposed waves could be noticed.

The presence of the reccurring high frequency epochs indicates intense thalamocortical
activation. It raises the possibility that some analysis of sensory information might happen in
the cortex during these short time gaps. If true, it may offer a possible explanation for at least
some of the cases when awareness is experienced by patients undergoing surgery. In addition,
similar burst-suppression can be induced by cortical anoxia, thus it is also possible that in
certain circumstances this pattern appears near to death in the EEG. If this is the case, then
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the ability of resuscitated patients to recall events happened when they were unconscious
might be accounted for by the presence of the short, highly activated periods.

Research supported by grants from the Hungarian Research Foundation (OTKA-626) and
from the Ministry of Education (AMFK-190).

TARGET CELLS OF CORTICOTROPIN-RELEASING HORMONE-
IMMUNOREACTIVE NEURONS INTHE HUMAN HYPOTHALAMUS

DOBO, E,, DUDAS, B. and LIPOSITS, ZS.
Department of Anatomy, Albert Szent-Gyorgyi Medical University, H-6724 Szeged, Hungary

Stress-induced pattern of the pituitary hormone secretion, including elevation of
adrenocorticotropic hormone (ACTH) and suppression of growth hormone and gonadotropin
release, is predominantly regulated by the hypothalamic corticotropin-releasing hormone
(CRH) in human and other mammalian species.

It has not been identified yet whether the suppressor effects of CRH are direct actions on
other hypophyseotrophic neurons and/or involve interactions with other hypothalamic
interneurons. In order to elucidate this issue, the existence of appositions of CRH-
immunoreactive (IR) axon varicosities to growth hormone-releasing hormone (GHRH)- and
gonadotropin-releasing hormone (GnRH)-containing neurons was tested in the human
hypothalamus by means of consecutive, double-labeling immunohistochemistry at light-
microscopic level. In another set of experiments, we analyzed other putative target structures
in the tuberoinfundibular region. Of several candidates, galanin and substance P (SP) were
immunolabeled after the detection of CRH-IR fibers.

Many CRH-IR neurons of middle size were located throughout the paraventricular nucleus,
while few small-sized neurons were also found in the medial aspect of the infundibular nucleus.
CRF-IR axons coursed laterally from the paraventricular nucleus, then turned ventrally in the
lateral hypothalamus, and curved medially toward the external zone of the median eminence.
In addition to these thick coarsing fibers, many thin CRH-IR axons with numerous varicosities
were observed in the infundibular nucleus, which tended to outline some perikarya and their
stem dendrites. Application of subsequent immunolabeling for GHRH, galanin and SP revealed
that the majority of these peptidergic cell bodies within the tuberoinfundibular region were
found to be in single or multiple contacts with CRH-IR varicosities. Even some of the
perikarya immunoreactive for any one of these peptides were densely studied with CRH-IR
axon swellings. GnRH-IR perikarya also appeared to be innervated by CRH-IR varicosities.

The present findings supply morphological basis for multiple roles of CRH in the induction
of the stress-like pattern of pituitary hormone release. Our results indicate that hypothalamic
CRH-IR neurons may exert direct effects upon:

() GHRH-containing neurons, beside the indirect inhibitory effect which is mediated by
periventricular somatostatinergic neurons; (2) Galaninergic neurons, which may act in a
stimulatory manner on the release of growth hormone and prolactin; (3) SP-containing
neurons, thereby CRH may contribute to various inhibitory influences on the pituitary
prolactin secretion.

Supported by grant TO16354 from OTKA.
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PURINE AND PYRIMIDINE NUCLEOSIDES AND DEOXYNUCLEOSIDES IN
THALAMIC EXTRACELLULAR SPACE

DOBOLYI, /1., REICHART, A, SZIKRA, T., SZILAGYI, N., TAMAS KARANCSI, T.,*
SLEGL, P. and JUHASZ. G.

Department of Comparative Physiology, E6tvds Lorand University, Budapest, Hungary and
*EGIS PharmaceuticalsLTD, Budapest, Hungary

Adenosine as a neuromodulator is known to be involved in many CNS physiological and
pathophysiological processes. There are, however, several lines of investigations suggesting
the involvement of other nucleosides in brain function as well. To analyse synchronously
nucleosides from in vivo brain microdialysis samples, a new chromatographic method was
developed. This method can detect adenosine and other purines and also so far undetectable
pyrimidines, pyrimidine nucleosides, purine and pyrimidine deoxynucleosides We report the
extracellular thalamic concentrations of these compounds.

To be able to monitor the concentration changes after a particular treatment of the
animal, the stability of control values were measured for the whole duration of an acute
microdialysis experiment. These data indicate that the concentrations do not change
significantly after the first hour of probe insertion.

To examine the origin of these compounds in the extracellular space, tetrodotoxin and
high potassium concentration were applied in the perfusate. Interestingly, tetrodotoxin
markedly decreased the concentration of uridine, hypoxanthine, xanthine, inosine and
adenosine, whereas high potassium concentration increased the level of the same compounds
without changing the level of other compounds. These results suggest that the presence of
uridine, hypoxanthine, xanthine, inosine and adenosine in the extracellular space is neuronal
activity dependent. Adenosine is a known neuromodulator and the other purines may be its
metabolites. However, in view of our results and the recently cloned pyrimidinereceptors, one
could hypothesize a regulatory role of uridine as well. Whether the release or uptake of these
compounds are membrane potential or released neurotransmitter dependent remains to be
answered. We also achieved post mortem measurements and a rise in concentration of many
of these compounds was found suggesting intracellular accumulation of many of the examined
compounds.

COMPARATIVE STUDY ON INHIBITION OF SEIZURE ACTIVITY ININVITRO
EXPERIMENTS

DOCZI. J., VILAGI. 1., TARNAWA. |. and BANCZEROWSKI-PELYHE. I.
Dept, of Comparative Physiology, ELTE University, Budapest

Spontaneous epileptic activity develops under different circumstances in thin slices prepared
from the rat neocortex. The goal of our investigations was to compare the phenomena of two
different in vitro epilepsy models and the effect of the specific AMPAtype excitatory amino
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acid receptor antagonist (GYKI 53784). We provoked seizure activity applying -either
magnesium-free Ringer solution (MFR) or 4-aminopiridyne-containing Ringer solution (APR).
NMDA-type excitatory amino acid receptors are oversensitive in MFR while 4-
aminopiridyne, blocking K+ ion channels, causes membrane depolarization. Both of them
enhance excitatory processes, so the opportunity of development of epileptic activity
increases. In electrophysiological experiments we measured the latency of appearance
frequency and the length of spontaneous events in MFR and in APR (60 mM) and the effects
of GYKI 53784 (10, 20, 40 mM) application on the parameters mentioned above. We also
analysed the amplitude and the length of responses evoked by white-matter stimulation and
the effectiveness of AMPA antagonist.

While latency of appearance of first seizure event was longer (15.6 vs. 5.8 min) and
frequency of seizures-complexes was smaller (2.1 vs. 4.7 1/min) in MFR than in APR, each of
the seizures were longer and more complex in MFR. The AMPA-antagonist inhibited more
effectively the length of the spontaneous seizure events in MFR. We could not detect
however, significant difference in the inhibitory effect of 20 mM GYKI 53784 on the evoked
responses in the two models. In both cases the threshold of evoked response increased about
30 % and the amplitude decreased about 35 % as a consequence of drug-application.

ROLE OF DIFFERENT ADRENOCEPTOR SUBTYPES INTHE SYMPATHETIC
CONTROL OF THE PROXIMAL URETHRA

DODA, M. and VIZI. ES.
Institute of Experimental Medicine, Hungarian Academy of Sciences, Budapest, Hungary

Urethral smooth muscle tone is maintained by its sympathetic innervation. The effects of the
latter are mediated by different subtypes of postsynaptic adrenoceptors. In humans, ar
adrenoceptors are responsible for noradrenalineinduced contractions of the urethra. In the
present paper, the effects of a,-adrenoceptor antagonists have been studied.

In cats anaesthetized with pentobarbital-Na (35 mg/kg, i.p.) or a mixture of a-chloralose
(50 mg/kg) and urethane (400 mg/kg, i.p.), urethral constriction was elicited, 1) by i.v.
infusion of phenylephrine (Phe), 2) by iwv. administration of adrenaline (A), 3) by
administration of the ganglionic stimulant dimethyl-4-phenylpiperazinium (DMPP) and 4) by
a somatosympathetic reflex upon supramaximal electrical stimulation of the sciatic nerve.
Intraurethral pressure and blood pressure were measured and recorded by means of a Heilige or
a Grass polygraph.

CH-38083. an antagonist of a2ABadrenoceptors (50 mg/kg, i.v.) elicited urethral
movements, increased blood pressure and potentiated the pressor reaction due to sciatic nerve
stimulation. In CH-38083 treated animals, infusion of Phe (16 mg/kg/ min) interrupted the
urethral movements, potentiated urethral effect of sciatic nerve stimulation and while it failed
to contract the urethra, it induced systemic hypertension.

5-methyl-urapidil, an antagonist of aJAc-adrenoceptors (50-100 mg/kg, i.v.) antagonized
the Phe-induced urethral contraction and elicited hypotension.

Among other arantagonists, prazosin (100 mlg/kg, i.v.) inhibited both the Phe-induced
urethral constriction and hypertension, while alfuzosin (50 mg/kg, i.v.) selectively inhibited
the urethral effect of Phe.
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In conclusion, 1) measurement of the urethral pressure is an appropriate indicator of one of
the sympathetic outputs. 2) the a2adrenoceptor antagonist CH38083 enhances the urethral
sympathetic tone; 3) an aradrenoceptor antagonist that selectively antagonizes the
constrictory effect of urethral sympathetic drive without affecting systemic blood pressure
could be useful for the pharmacological treatment of the symptoms of benign prostatic
hypertrohpy.

CHARACTERIZATION OF VIP-IMMUNOREACTIVE NEURONS INTHE
ENTORHINAL CORTEX OF THE RAT

DOLORFO, C.L.,1STAIGER, J.F.22and FREUND, T.F.1

‘Institute of Experimental Medicine, Hungarian Academy of Sciences,
H-1450 Budapest, Hungary and
2C. & O. Vogt-Institute for Brain Research, Heinrich-Heine University,
P.O. Box 101007, D-40001 Dusseldorf, Germany

While much is known about the extrinsic connectivity of the entorhinal cortex (EC), there is
a paucity of information available about its intrinsic connectivity, especially with regard to
the synaptic organization of its inhibitory circuits. Given that the EC is reciprocally
connected to both the hippocampus and neocortex, and in light of emerging
electrophysiological and computer modeling findings that suggest a central role for
interneurons in the control and synchronization of principal cell networks and synaptic
plasticity (Traub and Wong, 1982; Whittington et al., 1995), the analysis of the synaptic
organization of interneuronal circuits within the EC is particularly crucial in understanding
how the hippocampus communicates with cortex.

One class of GABAergic interneuron in the hippocampus and neocortex colocalizes the
neuropeptide vasoactive intestinal polypeptide (VIP). VIP-containing cells and fibers were
previously shown to be distributed throughout the EC, with a preferential bias toward
superficial entorhinal layers (Kohler and Chan-Palay, 1984). VIP-ir cells, therefore, can
potentially regulate the activity of principal neurons in layers 1l and Il which originate the
primary cortical input to the dentate gyrus and hippocampus (Steward and Scoville, 1976).
Nothing is known, however, about the synaptic organization of VIP-ir neuronal circuits in the
EC.

In the present study, we used a sensitive antibody against VIP (Gulyas et al., 1990) to
determine the detailed dendritic and axonal morphology, and synaptic targets of VIP-ir
interneurons in the rat EC, with the aim of clarifying one class of inhibitory circuit in the EC.
Sections through the EC from 5 male rats were either immunostained for VIP or double-
immunostained for VIP and the neuropeptide somatostatin or one of three calcium binding
proteins (parvalbumin, calbindin, calretinin). The GABAergic nature of the postsynaptic
targets of VIP-ir axon terminals was determined using the postembedding immunogold staining
for GABA according to the procedure of Somogyi and Hodgson (1985). VIP-ir boutons that
synapsed onto GABA(-) and GABA(+) profiles were identified at the electron microscopic
level, mapped and counted using a computer-aided digitizing system (EM Wander...), Dr. A. I.
Gulyas) linked to a Hitachi H-7100 electron microscope. Candidate VIP-PV, VIP-CB, VIP-CR,
and VIP-SOM targets were identified at the light microscopic level and then re-embedded in
Durcupan for correlated electron microscopic analyses.
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While all EC layers received VIP-positive input, fibers and terminals distributed mainly to
layer 1l. VIP-ir terminals frequently encircled unstained somata in layer Il. VIP-ir terminals
contacting the soma and proximal dendrites of other VIP-ir cells were common. Double-
immunostaining revealed that VIP-ir interneurons innervate the soma or proximal dendrites of
somatostatin-, parvalbumin-, and calretinin-positive cells. Although VIP-ir terminals rarely
contacted calbindin-positive interneurons, numerous VIP-ir terminals were apposed to
calbindin-positive neurons displaying the morphology of principal cells. Postembedding
immunostaining for GABA demonstrated that postsynaptic targets of VIP-ir boutons included
somata and dendrites of GABA-positive and -negative cells. In layer Il, VIP-ir boutons tended
to target GABA-positive somata and proximal dendrites; whereas in layer Ill, VIP-ir boutons
tended to contact GABA-positive and -negative small caliber dendritic profiles. The laminar
organization and target specificity of VIP-ir fibers and terminals allow the possibility for
modulation of principal cells, as well as other interneurons that may participate in the
regulation of entorhinal intrinsic circuits and EC output to the hippocampus and other
structures.

References

Gulyas, A.l., T. Goércs and T.F. Freund (1990) Innervation of different peptide-containing
neurons in the hippocampus by GABAergic septal afferents. Neuroscience 37: 31-44.

Kéhler, C. and V. Chan-Palay (1983) Somatostatin and vasoactive intestinal polypeptide-like
immunoreactive cells and terminals in the retrohippocampal region of the rat brain. Anal.
Embryol. 167: 151-172.

Somogyi, P. and AJ. Hodgson (1985) Antisera to gamma-amino butyric acid. Ill.
Demonstration of GABA in Golgi-impregnated neurons and in conventional electron
microscopic sections of cat striate cortex. J. Histochem. Cytochem. 33: 249-257.

Steward, O. and S.A. Scoville (1976) Cells of origin of entorhinal cortical afferents to the
hippocampus and fascia dentata of the rat. J. Comp. Neurol. 169: 347-370.

Traub, R.D. and R.K.S. Wong (1982) Cellular mechanism of neuronal synchronization in
epilepsy. Science 216: 745-747.

Whittington, M.A., R.D. Traub and J.G. Jeffreys (1995) Synchronized oscillation in
interneuron networks driven by metabotropic glutamate receptor activation. Nature 373:
612-615.

INTRODUCTION OF AMINOPYRIDINE-INDUCED CHRONIC SEIZURE MODEL
TO EXPERIMENTAL EPILEPSY

DOMONYI, I., FRANKO, E. and SZENTE, M.

Jozsef Attila University, Department of Comparative Physiology,
H-6726 Szeged, Kozépfasor 52, Hungary

Focal seizure induced by 3-aminopyridine (3Ap) has been proven to be a useful acute
experimental model because of the characteristic spontaneous electrocorticographic
development of epileptiform paroxysms which resemble human epilepsy. It is a useful tool to
study the manifestation and spreading of neocortical epileptiform activity as well as to
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analyze abnormal intracellular events accompanying ictal discharges, both in the primary and
in mirror foci of anesthetized cats or rats.

In order to analyze the effects of repeated epileptic activity and long-term treatments with
drugs (like antiepileptics) on the electrographic correlates on adult rats and the intrauterin
development of the nervous system we introduce the chronic 3Ap model of epilepsy. Adult
rats were injected intramuscular by 3Ap solution at a dose above seizure threshold on every
third day. Injections induced the development of seizure, generally evolving through the
following 6 behavioral classes:

1 restless, trembling, stereotypic sniffing,

2. head nodding, face washing movements,

3. alarm reactions, trembling of the whole body,

4. forelimb contraction, rearing,

5. jumping

6. rearing with loss of balance and falling, hind limb expansion, unconsciousness.

In our present experiments female rats with chronic epileptic activity are treated with
antiepileptic drugs (valproat and Carbamazepin) through the drinking water during their
pregnancy and the sucking period. After birth the induced mothers and the developing rats will
be studied by clectroProf. physiological, biochemical and immunohistochemical methods.

CATECHOLAMINERG INNERVATION OF THE LUTEINIZING HORMONE-
RELEASING HORMONE-PRODUCING NEURONS IN THE HUMAN
DIENCEPHALON

DUDAS. B.. DOBO. E. and LIPOSITS, ZS.
Department of Anatomy, Albert Szent-Gydrgyi Medical University, Szeged, Hungary

Catecholamines have been proven to modulate gonadal functions via an interaction with the
hypothalamic luteinizing hormone-releasing hormone-synthesizing (LHRH) neurons in
rodents. LHRH release appears to be inhibited by catecholamines in the human being. In order
to reveal the morphological background of this phenomenon, the distribution of LHRH
neurons and tyrosine hydroxylase (TH)-immunoreactive (IR), catecholaminergic structures
was mapped in diencephalic sections of four, post-mortem human brains.

First, the location of the LHRH and TH-IR neuronal elements was analyzed, then the
overlapping and the interrelationship of the two different systems were examined. The
LHRH-IR cell bodies were mainly present in the medial preoptic, infundibular areas and in the
median eminence. The TH-IR perikarya were located in the infundibular, periventricular,
paraventricular and supraoptic nuclei, while the TH-IR fibers were numerous in septal,
infundibular, periventricular and lateral hypothalamic regions. The brown, diaminobenzidine
labeled LHRH-containing perikarya received black, silver intensified, TH positive axon
terminals in the infundibular area, while in the preoptic and caudal parts of the diencephalon
only some juxtapositions were noted. Thirty-four percent of the examined LHRH-IR cells did
not receive detectable catecholaminergic innervation, fifty-four percent was lightly, and
twelve percent heavily innervated by TH-IR axon terminals. The TH-IR neural elements
targeted mainly bipolar LHRH-IR neurons.

The present results indicate that the hormone release of diencephalic LHRH-IR neurons
can be influenced by the central catecholaminerg system via direct synaptic mechanisms. The
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data also support the concept that the LHRH-IR neural elements receive different percentages
of catecholaminergic innervation depending on their locations.
This work was supported by OTKA grant TO16354.

COMPARISON OF NEUROPROTECTIVE DRUGS IN VARIOUS MODELS OF
BRAIN INJURY

ERDO, F. and ERDO, S. L

Dept, of CNS Pharmacology, BIOREX R&D Co. Ltd.,
H-8200, Veszprém, P.O. Box 348, Hungary

Main molecular mechanisms of neuronal cell death involve oxidative stress, excitotoxicity,
disturbance in energy metabolism and intracellular ion homeostasis. The present study is an
attempt to compare the effectivity of MK-801 (NMDA antagonist), GYKI-52466 (AMPA
antagonist), a-tocopherol (antioxidant), vinpocetine (sodium channel blocker) and
bimoclomol /BRLP-42/ (HSP-70 co-inducer) in cytotoxic hypoxia (prolongation of survival
time), global cerebral ischemia (inhibition of cell death) and arachidonic acid (AA) induced
vasogenic brain edema (inhibition of extravasation) models. Cytotoxic hypoxia was induced by
intravenous potassium cyanide injection (10 mg/kg) in mice. Test compounds were applied
orally 30 minutes prior to anoxia. GYKI-52466 (40 mg/kg), vinpocetine (50 mg/kg) and
BRLP-42 (100 mg/kg) showed statistically significant antihypoxic effect (137%, 137% and
132% prolongation of the survival time, respectively, compared to the control, 100%), while
a-tocopherol (100 mg/kg) and MK-801 (1 mg/kg) were ineffective. Antiischemic activity of
four molecules was further investigated using a gerbil model of transient global cerebral
ischemia. Drugs were given intraperitoneally 30 minutes after the termination of five minutes
ischemia and the number of living pyramidal cells in hippocampus CAl area was evaluated four
days later after aNissl staining. Vinpocetine (25 mg/kg), MK801 (3 mg/kg) and GYKI-52466
(25 mg/kg) showed similar protection against the cell damage (60-65%), while BRLP-42 (50
mg/kg) caused weaker effect (20%). In the rat brain edema test drugs were administered
intravenously 15 minutes prior to the induction of edema by intracerebral injection of M (10
mg/rat). The effect of drugs on edema formation was characterized by Evan's blue staining of
the brain slices, and evaluated by a computerised scanning method. Vinpocetine (5 mg/kg,
55.1%), GYKI-52466 (5 mg/kg, 34.2%) and a-tocopherol (20 mg/kg, 23.8%) potently
inhibited the extravasation, while BRLP-42 (5 mg/kg) and MK-801 (0.3 mg/kg) were
practically inactive in this system in the doses applied.

Major findings of our study are as follow: (1) Vinpocetine and GYKI-52466 proved to be
effective in all the three models employed. (2) The characteristic effect of GYKI-52466 in
cytotoxic hypoxia test suggest a role for AMPA receptors in the pathology of this histotoxic
process. (3) Prominent activity of vinpocetine in brain edema test may result from its
cerebrovascular selectivity and/or antiosmotic (sodium channel blocker) property. (4) Finally,
the well-defined acute effect of BRLP-42 in the cyanide anoxia test is in line with the
previously recognized protective effect of the drug against cardiac ischemia/reperfusion.
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SPECIFIC ALTERATIONS IN THE AMOUNT OF HETEROTRIM ERIC G-
PROTEIN SUBTYPES IN MORPHINE TOLERANT RAT BRAIN MEMBRANES

FABIAN, G., BOZO, B, TOMBOR, B., SZIKSZAY1 M. and SZUCS, M.

Inst, of Biochem., Biol. Res. Center Hung. Acad. Sei. and
‘Dept, of Physiol., A. Szent-Gyorgyi Medical University, Szeged, Hungary

Our previous studies showed alterations of G-protein levels in subcellular fractions of rat brains
after chronic morphine treatment. Rats were rendered tolerant to morphine by s.c. injections
of the drug twice daily for 5 days. GTP-y-S binding, photoaffinity and pertussis toxin labelling,
as well as Western-blotting experiments supported the observation that chronic morphine
treatment increased the level of a-subunits of G-proteins by 63% resp. 30% in synaptic
plasma membrane (SPM) and microsomal (MI) fraction, calculated from GTP-y-S binding
studies (1). Recent data in the literature showed that a single type of opioid receptors can
couple to several G-proteins (2); and p and S opioid receptors interact with different sets of G-
protein subtypes (3). Based on these findings it is particularly interesting to determine which
G-protein subtypes are affected by repeated morphine exposure in rat brain. Western-blotting
performed with specific antisera revealed significant increase in the amount of a9) ail; ad in
MI; increased as and decreased a @ labeling in SPM upon chronic morphine. The level of
Ga,! I, a G-protein subtype previously not shown to be coupled to brain opiate receptors, was
elevated in the former, and decreased in the latter fractions.

These results demonstrate that specific changes of G-protein subtypes accompany the
development of morphine tolerance.

This work was supported by OTKA T 16084 research grant.
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COMPLEMENT C5a RECEPTOR-MEDIATED APOPTOSIS IN
NEUROBLASTOMA CELLS

FARKAS, 1., 133BARANYI, L.,2YAMAMOTO, T.,20KADA, H.land LIPOSITS ZS.3

'‘Nagoya City University, School of Medicine, Department of Molecular Biology,
Nagoya, Japan
2hoju Medical Institute, Fukushimura Hospital, Toyohashi, Japan
3Albert Szent-Gydrgyi Medical University, Department of Anatomy, Szeged, Hungary

Activation of the complement system (C) was reported in Alzheimer's disease (AD); however,
its exact role in the pathogenesis of the disease has not yet been elucidated. One of the
products of C activation is the anaphylatoxin C5a. In order to analyze its role, TGW human
neuroblastoma cells were exposed to an oligomer of a C5a fragment peptide termed PL37-
MAP (amino acids: 37-53) and the effects were evaluated by electrophysiological and
morphological techniques. Extracellular administration of 100 nM peptide evoked repetitive
inward current pulses with an amplitude of 200-300 pA, as demonstrated by patch clamp
measurements (holding potential: -70 mV. administration time: 2 minutes). The pulses were
blocked by 0.2 mM cobalt-chloride revealing that the current was a calcium influx. At higher
doses (0.5 nM - 1 |iM), the CSa fragment peptide evoked current pulses of 600-1000 pA,
followed by an irreversible, high, inward current (> 2000 pA). Calcium influx can be influenced
by Cb5a and pertussis toxin pretreatment of the cells, respectively, suggesting that the
apoptosis is associated with the CSa receptor (C5aR). DNA fragmentation, demonstrated by
the TUNEL method, was accompanied by an increased c-FOS expression. The first
morphological signs of apoptosis were apparent 30 minutes after the beginning of the
administration. A more advanced DNA fragmentation and cell degeneration were noted after 4
hours. Patch clamp and morphological experiments were also performed in Ltk- fibroblast
cells either expressing or not expressing Cb5a receptor. PL37-MAP induced apoptosis in Ltk-
cells expressing C5aR, only, demonstrating that the apoptosis is associated with CSaR. In AD,
the presence of Kunitz-type proteinase inhibitors and plaque formation indicate an impaired
protease function and the possibility of an abnormal fragmentation of C5a anaphylatoxin.
The present findings suggest that at least one of the Cba fragments might be involved in the
genesis of AD by inducing apoptotic cell death.

A COMPUTER MODEL OF THE CORTICAL NETWORK

FEHER. O. and SCHNELL. R
Dept, of Comparative Physiology, Attila Jozsef University, Szeged, Hungary

A multilayered network consisting of 140 neurons was constructed, hundred of them being
excitatory and forty inhibitory. The model is aimed to simulate the function of the primary
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and secondary sensory areas of the mammalian cortex. Characteristic features of the model
are:
1 five layers of which 1, 2, 3 represent the primary, 4 and 5 the secondary sensory areas.
2. units of the network are not neurons but synapses creating divergences and convergences
specific for the given sensory modality
3. synapses are most part of Hebb type.
Without altering the basic circuitry the network is able to analyze, classify and abstract the
incoming signals specifically to the requirements of the visual resp. auditory function.
Conditioning, learning, and related phenomena could be simulated.

MODULATION OF THE CENTRAL HISTAMINERGIC SYSTEM BY ESTROGEN

FEKETE CS.,1KALLO I.,1MIHALY E.,1DOBO E.,1PANULA, P.2and LIPOSITS ZS.1

'‘Department of Anatomy, Albert Szent-Gydrgyi Medical University, Szeged, Hungary
department of Biology, Abo Akademie University, Biocity, Turku, Finland

The hypothalamo-hypophyseal-ovarian system is regulated by feedback actions of estrogens
and several diencephalic transmitter substances, including histamine. Because luteinizing
hormone-releasing hormone (LHRH)-synthesising neurons do not possess a substantial amount
of estrogen receptor, the elucidation of the estrogen feedback sites to other neuronal systems
has been crucial. The putative estrogen reception of histaminergic neurons was analyzed in the
present study by means of combined transmitter and receptor immunocytochemistry.
Histamine and estrogen receptor (ER)-synthesising neurons were mapped in the hypothalami
of ovariectomized, female rats.

Multipolar histamine-immunoreactive neurons were found exclusively in the five subgroups

(E1-E5) of the tuberomammillary nucleus. A high density of the estrogen
receptorimmunoreactive neurons was observed in the arcuate, ventromedial, dorsomedial
nuclei and all subgroups of the tuberomammillary nucleus. The immunocytochemical double
labelling indicated that the majority of histamine-immunoreactive neurons (over 75%) also
contained ER-immunoreactivity in their cell nuclei. The ratio of double-labelled neurons was
found between 65% and 85% in all subgroups.
Because a population of histamine-containing neurons projects into the septum and the
preoptic region, and histamine modulates the secretion of the luteinizing hormone-releasing
hormone-producing cells, the presented morphological evidence suggests that estrogen effect
might be mediated to LHRH neurons through the histaminerg system.

This work was supported by OTKA grant TO16354.
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ISCHEMIC PRECONDITIONING PREVENTS REPERFUSION INDUCED
INCREASED S-100 IMMUNOREACTIVITY OF ENTEROGLIAL
CELLS IN RAT JEJUNUM

FEKETE, E., 1ROZSA, Z..2LIK. M.1land PAPP. J.G.2

‘Jozsef Attila University Department of Zoology and Cell Biology and
2Albert Szent-Gyorgyi Medical University Department of Pharmacology, Szeged, Hungary

While intestinal mucosal injury due to ischemia and reperfusion (IR) is well established, the
effect of IR on enteroglial cells has not been investigated. Recently we demonstrated that
ischemic preconditioning (IP) prevents ischemic reperfusion induced jejunal injury in rats. The
objective of this study was to determine the effect of IR and IP (1) on immunohistochemical
characteristics of jejunal enteroglial cells and (2) on the morphology of enteric neurons.

Methods: Studies were performed on anesthetized rats. Ischemia was induced by occluding
the superior mesenteric artery. Fifty rats were examined from each group. In the first group
the small intestine was subjected to 20 min of ischemia followed by 30 min of reperfusion
(IR). In a second group of animals (IP), the same protocol was used except that the intestine
was subjected to 5 min ischemia followed by 10 min period of reperfusion prior to induction of
IR. Sham operated animals served as controls. After the reperfusion period, samples of
jejunum were processed for histological examination. The distribution of enteroglial cells in
jejunum was analysed by immunohistochemistry, using an antibody against S-100 protein
(Dakopatts Z 311) described by Jensses K.R. et al. (J. Neurosci. 1983). The fine structural
features of enteric neurons in different groups were studied by transmission electron
microscopy.

Results: In controls, in the myenteric plexus (MP) only low level of S-100
immunoreactivity was found in the myenteric ganglia and internodal strands. In the submucous
plexus (SP) moderate immunoreactivity was detected in both regions. In the IR specimens
there was a profound increase in immunoreactivity in the MP in particular in the
interganglionic fiber tracts. There was no apparent change in immunoreactivity of the SP.
Interestingly, however, ganglionic S-100 immunoreactivity was slightly increased in the MP
and in the SP after IP. In contrast, IP prevents IR induced increased immunoreactivity in the
interganglionic fiber tracts in the MP. Electron microscopic studies revealed a well preserved
neuronal ultrastructure both after IR and IP, although a pronounced swelling of glial processes
and endothelial cells has been noticed in IR samples.

Conclusion: These results suggest that (a) enteroglial cells are significant target for the
ischemic reperfusion insult; (b) this response of enteroglial cells by IR may have implications
in enteric neuronal survival that occur after IR; (c) inhibition of IR induced response of
enteroglial cells may play a role in IP induced neuronal protection.
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BEHAVIORAL EFFECTS OF PALLIDAL BOMBESIN MICROINJECTIONS
IN THE RAT

FEKETE, E.,1VIGH, J.1and LENARD, L.12

‘Neurobiology and Comparative Physiology Group, Department of General Zoology and
Neurobiology, Janus Pannonius University, and
“Neurophysiology Research Group of the Hungarian Academy of Sciences, Institute of
Physiology, Pécs University Medical School, Pécs, Hungary

It has been suggested that BN and BN-like peptides represent neurochemical signals evoking
preabsorptive satiety. Experimental data show that intraperitoneal or intracerebroventricular
(i.c.v.) applications of bombesin (BN) induce short latency transient inhibition of food intake
in food deprived rats. On the other hand, i.c.v. or hypothalamic BN injections increase
locomotor activity and grooming behavior and decrease sleeping and the resting periods.
Furthermore, i.c.v. application of BN may cause hypothermia.

It has been shown that the globus pallidus (GP) is basically involved in the regulation of
feeding and body weight. Bilateral electrolytic or neurochemical lesions of the GP cause
feeding disturbances and deficits in food rewarded learning paradigms. Since this structure is
rich in BN-like immunoreactive elements, one may suppose that BN microinjected into the
GP can also modify feeding behavior.

In the present experiments BN was bilaterally injected into the GP of 24 h food deprived
CFY male rats and feeding, body temperature and the general behavior of the animals were
examined. Via stereotaxically implanted chronic guide cannulae 10 or 40 r|g BN in 1 pi were
applied and solid food intake was measured in 20 min intervals. Animals were videomonitored
and the time spent with feeding, drinking, resting and exploration was analysed. Stereotype
behaviors in open field experiments were also studied. BN microinjections into the GP resulted
in dose-dependent inhibition of feeding. After 40 pg BN administration food intake was
significantly reduced during the first 40 min and it was followed by a transient increase. These
effects on food intake were prevented by prior application of a BN antagonist. Videorecord
analyses showed similar behavioral patterns throughout the observational period (160 min in
20 min intervals) after either BN or vehicle administrations. The deprived animals ate first,
eating was followed by postingestion drinking and they spent more and more time with resting.
After BN treatments eating periods decreased somewhat with the appearance of a simultaneous
increase of groomings during the first 40 min, but these values were not significant when
compared to those seen after vehicle injections. BN did not induce significant alterations in
locomotor activity or stereotypies when rats were examined in an open field paradigm.
Furthermore, no significant differences were observed in body temperature after BN or
vechicle injections. Our results show that the inhibitory effect of BN on feeding can not be
explained by an increase in locomotor activity, alterations in stereotype behavior or
hypothermia. Instead, the BN may act in the GP as a specific satiety signal.
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THE POSSIBLE ROLE OF PROTEIN PHOSPHATASE 2A IN THE SODIUM
SENSITIVITY OF THE RECEPTOR BINDING OF OPIATE ANTAGONISTS
NALOXONE AND NALTRINDOLE

FEKETE, M.I.K.,3MURANYI, A., 1GERGELY, P.1and NAGY, GY.M.2

'‘Department of Medical Chemistry, University Medical School of Debrecen,

department of Human Morphology and Developmental Biology,
Semmelweis University of Medicine, Budapest,

3EGIS Pharmaceuticals Ltd., Budapest, Hungary

In the striatal membrane preparation used for receptor binding experiments considerable
amount of protein phosphatase 1 and 2A activity was assayed using [3P]phosphorylase as
substrate. Sodium chloride in a concentration dependent manner decreased the activity of
protein phosphatase 2A and increased the activity of protein phosphatase 1 Sodium chloride
increased the saturation binding of naloxone and naltrindole in rat striatal membranes
preincubated with ATP (50 mM) and MgCI2 (5 mM). Addition of okadaic acid in a
concentration of 2 nM, which is specific for the inhibition of protein phosphatase 2A, further
augmented the number of binding sites of naloxone or naltrindole. The results suggest a
protein phosphatase 2A dependent regulation of the binding of opiate ligands in the striatum.

LONG-TERM BEHAVIORAL AND NEUROCHEMICAL EFFECTS OF ETHANOL
EXPOSURE DURING AGING

FELSZEGHY. K.1 HARKANY, T., LUITEN, P.G.M.2and NYAKAS, C.1

‘Central Research Department, Haynal University of Health Sciences,
H-1389 Budapest, POB 112, Hungary and
Jniversity of Groningen, Groningen, The Netherlands

Both neurotoxic episodes and subsequent neurotrophic drug treatments may exert short- and
long-term consequences in neural functions, which may have a particular relevance to brain
aging. In the present experiments the neurotoxic effects of ethanol treatment and the
neurotrophic action of calcium channel blocker nimodipine were studied in aging rats under
long-term experimental conditions. In the first stage of experiments ethanol was given at the
beginning of aging (19 months) for 5 weeks and the behavioral effects of this treatment were
tested in a spatial learning task and in a social behavioral paradigm. The ethanol-exposed rats
showed inferior performances to controls in both tasks.

In the second part of experiments the alcohol treatment period was followed by a 5 week
supply of food containing nimodipine (1000 ppm), and a marked recovery of functions could
be observed in both behavioral tasks shortly after termination of nimodipine treatment.
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In the last phase of experiments, both the effects of chronic ethanol and nimodipine
treatments were further tested in the senescence age of 28 months, i.e. 6 months after
termination of the treatments. At this age black-white discrimination learning and social
behaviors were investigated and the following results were found: 1) discrimination learning
deficit was present in the ethanol-treated rats but it continued to be antagonized by the
subsequent nimodipine treatment, 2) the nimodipine-treated senescent animals displayed a
more vivid social behavior and a better discrimination learning performance even against the
control aged rats, indicating a slower involution in aging-related behaviors. At the conclusion
of experiments some biochemical markers of serotonergic and cholinergic neurotransmissions
were assayed in the hippocampus and neocortex: a) number of 5-HT,A receptors (3H-8-
oHDPAT binding), b) choline-acetyltransferase enzyme activity (ChAT) and concentration of
muscarine receptors (H-QNB binding). It was found that the 5-HT|Areceptor binding decreased
in the ethanol-treated senescent rats in both brain structures investigated. This change in the
5-HT|Areceptor binding was prevented by the nimodipine treatment.

The results allow to conclude the following: 1) ethanol treatment at the beginning of aging
exerts long-term dysfunction in behavioral and some neurochemical parameters, which can be
reversed by chronic nimodipine treatment 2) furthermore, the chronic treatment with
nimodipine improves the adaptive and social behaviors with long-lasting efficacy in rats of
very old age.

Supported by OTKA grant T017618 to N.C.

STRESS-INDUCED Fos-IMMUNOREACTIVITY IN THE PITUITARY

FOLDES, A. and KOVACS, J.K.

Laboratory of Molecular Neuroendocrinology, Institute of Experimental Medicine,
Budapest, Hungary

Immediate-early gene c-fos and its protein product c-Fos, are widely used functional markers
of activated neurons. Former studies from our laboratory revealed stress-related neuronal
circuits by mapping c-Fos immunoreactive neurons within the central nervous system. To
further characterize the activation of hypothalamo-pituitary-adrenal axis during acute stress,
c-Fos expression in the pituitary has been studied in rats exposed to ether vapour. Animals
were sacrificed at intervals ranging between 5 min and 4 hour after acute ether stress.
Immunoreactive cell nuclei were revealed by immunoperoxidase reaction on 30 pm sections
from the pituitaries. Under resting conditions we could not detect any specific staining for Fos.
First Fos-positive cells were detected as early as 30 minutes after stress, and the maximal
expression was found at 1 hour post-stress. Ether stress-induced Fos immunoreactivity was
confined to cells in the anterior lobe, weak immunoreactivity was detected in the intermediate
lobe but it was absent in the neural lobe. The peak of Fos protein was almost 1 hour earlier in
the pituitary than in the hypothalamic paraventricular nucleus, and followed the maximum of
ACTH and corticosterone secretion. Further co-localization studies are required for
identification of stress-activated cell types within the pituitary.
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LIGHT AND ELECTRON MICROSCOPIC MAPPING AND CONNECTIONS OF
OPIOID PEPTIDE-CONTAINING NERVE ELEMENTS IN THE RODENT
HIPPOCAMPUS

FUZESI, M.22RACZ, BN2and HALASY, KJ12

mDepartment of Anatomy and Histology, University of Veterinary Science,
Budapest, Hungary and
department of Zoology and Cell Biology, Jozsef Attila University, Szeged, Hungary

The endogenous opioids exert an inhibitory effect on the principal cells of the central nervous
system with the exception of the hippocampus, where an increase in the excitability was
physiologically detected. This effect is supposed to be mediated indirectly, via the inhibition
of GABAergic interneurons. The morphological basis of this mechanism has not been clarified
yet. The aim of this study was to identify the opioidergic elements of the rodent
hippocampus, to establish their synaptic target distribution and the proportion of possibly
inhibitory ~ postsynaptic  targets. Combined light and electron  microscopic
immunocytochemistry was applied to identify leucine-enkephalin (leu-enk) and methionine-
enkephalin (met-enk) in the hippocampus of rat, mouse, guinea-pig and golden hamster.

The enkephalins occurred in the hippocampus of each rodent species, in the mossy fibre
system. In addition another varicose fibre system, morphologically different from the mossy
fibres also showed enkephalin immunoreactivity. These nerves were present in the strata
radiatum and lacunosum-moleculare of the CAl region and at the border of CA2/CA3 region in
the termination zone of the mossy fibre system. The temporal part of the CAl region in the
rat contained the most dense fibre system with enk-immunopositivity.

The enkephalinergic synaptic boutons always contained one or more strongly
immunopositive dense-core vesicles, small agranular vesicles and mitochondria. Their synapses
were, at least partly, type 2, symmetrical synapses. Both dendritic shafts and neuronal somata
occurred among their postsynaptic targets. The morphological appearance and location of
these postsynaptic elements at the border zone of strata radiatum and lacunosum-moleculare
strongly support that these belong to non-principal neurons.

Our morphological results support previous physiological data concerning the disinhibitory
mode of action of opioids in the hippocampus.

THE ROLE OF HYPOTHERMIA IN THE NEUROPROTECTIVE ACTIONS OF
AMPA ANTAGONIST COMPOUNDS

GIGLER, G,, GYERTYAN. 1 and SIMO, A.

Department of Pharmacology Il., EGIS Pharmaceuticals Ltd., Budapest
H-1475 Budapest, P.O. Box 100, Hungary

The neuroprotective actions of two AMPA antagonist molecules, NBQX (2,33-dihydroxy-6-
nitro-7-sulfamoyl-benzol(F)ginoxaline) and GYKI-52466 (l-(4-aminophenyl)-4-methyl-7,8-
methylenedioxy-5H-2,3-benzodiazepine) were investigated in the gerbil forebrain ischaemia
model. Bilateral occlusion of the common carotid arteries of these animals produces delayed
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neuronal cell death in the hippocampal CA1l region. NBQX has been shown to reduce the
neuronal cell loss (1). However, the hypothermic effect of NBQX is well known and it has
recently been demonstrated that postischemic hypothermia exerts protective effect on
hippocampal cell loss (2). These findings raised the possibility that the neuroprotective action
of AMPA antagonists may be due to their hypothermic activities.

The aim of our study was to investigate the possible correlation between hypothermia and
neuroprotective effects of NBQX and GYKI-52466.

Male Mongolian gerbils (60-70 g) were subjected to global ischemia via blatetal common
carotid artery occlusion for 3 minutes under ether anesthesia. The rectal temperatures of
gerbils were recorded by an electric thermometer. The compounds were administered
intraperitoneally: GYKI-52466 4x15 mg/kg was injected 30, 45, 60 and 70 min, whereas
NBQX 3x30 mg/kg was given 60, 70 and 85 min after reperfusion. The temperatures were
measured before and several times after drug treatment up to 24 hours. Four days after the
surgery, animals were deeply anesthetized with Nembutal (60 mg/kg i.p.) and perfused through
the heart by a fixative solution. Alternate sections from the hippocampus were stained by
silver impregnation. Neuronal damage in the hippocampal CAl region was estimated with the
use of a rating scale from 0 to 6.

GYKI-52466 showed significant inhibition of cell death (48.9%) in carotid occluded gerbils
and markedly reduced the rectal temperatures of animals (-6.5 °C maximal effect, 8 hours of
duration). NBQX exerted as potent neuroprotection (47.9%) as GYKI-52466, although its
hypothermic action was lower (-2.0 °C maximal effect) with a similar duration of action.

The two AMPA antagonists showed similar neuroprotetie effect. However, the
hypothermia induced by GYKI-52466 (AUC=29.6) was about 3 times higher than that evoked
by NBQX (AUC=9.2) up to 8 hours after treatment. These findings indicate the lack of a
direct correlation between neuroprotective and hypothermic actions of NBQX and GYKI-
52466.
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EFFECTS OF MERCURY, CADMIUM AND TIN ON ACETYLCHOLINE-
ACTIVATED CURRENTS INLYMNAEA STAGNALIS L. NEURONES

GYORI, J,, RUBAKHIN, S.S. and SALANKI, J.

Balaton Lymnological Research Institute of Hungarian Academy of Sciences,
H-8237 Tihany, Hungary

Using conventional two microelectrode voltage clamp and concentration clamp techniques we
studied the effects of CdCI2 HgCh and SnCl2 on acetylcholine (ACh), dimethyl-phenyl-
piperazine (DMPP) and carbachol (CCh) activated currents on an identified neuron of the
mollusc, Lymnaea stagnalis L The agonists were applied with microperfusion or with
exchange of the bath. Experiments were carried out on the RPeDI neuron either in whole
mount preparation or after isolation.
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In the studied neuron at micromolar concentration Cd2* as well as Hg2+ ions caused a
decrease in the ACh and CCh induced O* permeability of the membrane. DMPP evoked
currents were also reduced by mercury, but were enhanced by low cadmium. The effects were
essentially irreversible.

SnCI2 caused a decrease in the acetylcholine induced current. The effect depended on the
concentration and the application time of the SnCI2 as well as on the membrane potential.
The effective threshold concentration was 0.1 pM, and saturated at 5 pM SnCIl2 More
expressed inhibitory effect was detected at the more negative holding potentials.

The recent observations support our earlier findings and the idea that agonist-activated
channels are targets of toxic metals like cadmium, mercury and tin ions occurring in the
environment. It can be considered, that the direct action at the neuronal membrane is an
important event in modulation of the synaptic transmission and this should be taken in
consideration to the understanding of the mechanism of metal toxicity.

Supported by OTKA grant No. T. 20944 to J. Salanki

THE ROLE OF THE FIRST PASS' METABOLISM
IN THE EFFECT OF (-) DEPRENYL

HABERLE, D,, MESZAROS, ZS. and MAGYAR, K.

Department of Pharmacodinamics, Semmelweis University of Medicine,
H-1089 Budapest, Nagyvarad tér 4, Hungary

Deprenyl (Selegiline) is a selective and irreversible inhibitor of monoamine oxidase type B
(MAO B), which has been used in the treatment of Parkinsonism. Selegiline is readily absorbed
from the gastrointestinal tract. It is distributed rapidly into the tissues because of its
liphopfilic, slightly basic features. Deprenyl is metabolised to desmethylselegiline and
methamphetamine, which can be further converted to amphetamine and corresponding p-
hydroxylated metabolites. These parahydroxy derivatives are pharmacologically inactive after
being conjugated with glucuronic acid. Metabolism takes place mainly in the liver and is
dependent on the microsomal cytochrome P-450.

The aim of the present investigation was to compare the inhibitory potency of (-)
deprenyl on MAO-B activity in male (150 g) Wistar rat brain and liver in the case of oral or
subcutaneous administration of Selegiline (0.1 mg/kg; 0.25mg/kg; 0.5mg/kg). We also
investigated the augmentation of inhibitory effect of its in consequence of pre-treatment with
SKF 525-A (50 mg/kg IP), a well-known inhibitor of cytochrome P-450 mono-oxygenases.
The mitochondrial MAO-B activity was assayed by a radiometric method (Wurtman and
Axelrod) with slight modifications, using ~4C-phenylethylamine as substrate. Protein
concentration was measured according to the method of Lowry et al.

The inhibitory effect of (-) deprenyl on monoamine oxidase B activity of liver and brain
were significantly increased by pre-treatment of rats with SKF 525-A. The different
administrations of Selegiline have also caused significant variance in the action of (-) deprenyl.
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INVESTIGATIONS ON THE SYNAPTIC ORGANIZATION OF THE ANTERIOR
THALAMIC NUCLEI WITH COMBINED TRACING AND
IMMUNOHISTOCHEMICAL METHODS IN THE CAT

HAJDU, F., SOMOGYI, GY. and MADARASZ, M.

Department of Anatomy, Histology and Embryology,
Semmelweis University Medical School, H-1450 Budapest, Hungary

In our previous studies we have analysed the structure of the anterior thalamic nuclei with
neurodegeneration technique in the cat. Two main types of neurons were identified: a large
thalamo-cortical relay neuron and a small interneuron. Three types of axon terminals (RL, RS
and Fi) and presynaptic dendrites (F2 were also differentiated. The characteristic thalamic
complex synaptic arrangements i.e. synaptic glomeruli were observed, too. Results of these
experiments suggested that the RL boutons are terminals of multiple origin.

To identify and characterize one possible source of these profiles Phaseolus-vulgaris-
leucoagglutinin (PHA-L) was injected into the medial nucleus of the mamillary body. After
two weeks of survival the immunostained fibers and terminals were identified in the ipsilateral
anterior ventral (AV) and anterior medial (AM) thalamic nuclei. Postembedding GABA
immunocytochemistry was carried out on the same sections and compared to the anterograde
tracer labeling at light and electron microscopical levels. GABA-positive boutons were found
in the synaptic glomeruli in synaptic contact with both the dendrites of relay neurons and with
the presynaptic dendrites (F2. The terminals of the mamillothalamic fibers were observed in
synaptic connections with both GABA-positive and GABA-negative dendrites.

Our newly obtained results confirmed that at least a portion of the afferents to the AV and
AM thalamic nuclei come from the mamillary body. The mamillothalamic fibers are GABA-
negative, supporting the assumption that they are of excitatory function.

ATONIA RELATED REGIONS IN THE RODENT PONS AND MEDULLA

HAINIK, T.,1LAl, Y.Y.2and SIEGEL, J.M.2

'Dept, of Physiology, ELTE, Budapest and
Aeterans Administration Medical Center, Sepulveda, and Department of Psychiatry School
of Medicine, University of California, Los Angeles

Previous studies in the decerebrate cat have demonstrated the existence of atonia related areas
in the pontine and medullary reticular formation. Stimulation of the medial medullary reticular
formahon (MMREF), the ventral paralemniscal tegmental field (VFTP), the reticular tegmental
(TRN) and pedunculopontine tegmental (PPN) nudei elicit muscle tone suppression which is
intensity and frequency dependent. In this study, we have investigated this phenomena and its
chemical basis in the decerebrate rat using electrical stimulation and microinjection techniques.

Experiments were performed on 42 male rats (170 to 510 grams). Decerebration was done
at the precollicular-postmammillary level under halothane anesthesia. Multi-stranded stainless
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steel bipolar electrodes were implanted in the hindlimb, forelimb and neck muscles for
electromyographic (EMG) recordings. Bipolar stimulating electrodes were placed into the pons
(rostrocaudally at AO.7 to PO.3, and 0.2 to 1.5 mm from the midline) and the medulla (from
P2.0 to P3.3, and within 0.6 mm from the midline). Stimulation consisted of 500 msec trains
of 0.2 ms cathodal rectangular pulses at 10-500 Hz and 5-500 mA. In the microinjection
studies, when the electrical stimulation produced bilateral suppression of muscle tone the
stimulating electrode was replaced with 26-gauge Hamilton microsyringe. Small amount (0.1
pi) of the agonist solution: kainate orNMDA was injected over a period of 30 sec. In studies
in which the action of antagonist was examined antagonist injections ware performed 30
minutes after the previous antagonist injection. One minute later the agonist was reapplied. At
the end of the studies current was passed through a microelectrode to identify the point of
stimulation and injection.

The areas found to produce muscle tone suppression in the rostral pons were located
between L0.6 and L1.2, while in the caudal pons the effective area was located between L0.4
and L0.8. This area corresponds to the nucleus reticularis pontis oralis and caudalis
respectively. The effective area in the medulla was located from P2.0 to P3.3, L0.2 to LI.I
and HO9 to H-0.9 which includes portions ofthe nucleus reticularis gigantocellularis,
paragigantocellularis dorsalis, gigantocellularis alpha, and gigantocellularis ventralis. The
contralateral muscle always showed more pronounced inhibition than the ipsilateral. The
inhibitory effect was amplitude and frequency dependent. Microinjection of kainate to this
area also caused muscle tone suppression, the effect was blocked by specific KA receptor
antagonist CNQX. The effect ofNMDA was opposite, muscle excitation was seen. This effect
was blocked by specific NMDA receptor antagonist AP5. The contralateral muscle always
showed more pronounced inhibition than the ipsilateral like in the electrical studies.

In summary, the regions in the rodent pons in which electrical stimulation causes muscle
tone suppression are glutamatergic. Previous studies in our laboratory have shown that
microinjection of non-NMDA glutamate agonists into the feline pontine inhibitory area (PIA)
also induces muscle atonia. So the inhibitory areas found in rats correspond to the feline motor
inhibitory regions and are probably implicated in muscle tone suppression in REM sleep.

Research supported by the Medical Research Service of the Veterans Administration,
USPHS NS14610 and HL41370.

ACUTE CORTICOSTERONE EFFECTS ON AGGRESSIVE BEHAVIOR AND ON
THE STIMULUS SENSITIVITY OF THE HYPOTHALAMIC ATTACK AREA

HALLER, J.,1ALBERT, I.,1MAKARA, G.B.land KRUK. M R.2

'Institute of Experimental Medicine, H-1088 Budapest, Hungary and
2 eiden/Amsterdam Center for Drug Research, Leiden, The Netherlands

Beyond long lasting genetic effects, new evidence shows that corticosterone may have short
behavioral consequences that seem to be incompatible with the genetic way of action. These
effects develop within minutes (3-10 min.) and involve various behaviors including
exploration/locomotion, sexual behavior and aggression.

Previously we have demonstrated that these short effects of corticosterone are not
behavior-, but rather context dependent. Corticosterone, when injected to male rats that
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encountered an unknown opponent, stimulated aggression only in situations when the
experimental setup determined a high level of aggressiveness. In situations when aggression
was not likely to occur (e.g. when animals faced the opponent in a neutral arena),
corticosterone increased exploration/locomotion, and aggressive behavior was not stimulated.

Although there is an increasing number of studies that support the assumption that
corticosterone exerts rapid effects on the expression of behaviors, the phenomenon as a
whole is still unknown. For instance, the site and way of action of corticosterone is rather
obscure.

The presently described experiments were designed to clarify some aspects of the
mechanism of action of corticosterone. The effects of the hormone were studied by using the
hypothalamic aggression paradigm. The electric stimulation of the so-called hypothalamic
attack area (HM) elicits immediate attack in the subjects if an opponent is present. The
current threshold for attack ranges from 30 to 400 pA, and it is highly stable in time for a
given individual. The threshold is subject to pharmacologic manipulation. In general,
pharmacologic agents that reduce attack frequency in spontaneous aggression also increase the
electric thresholds in hypothalamic stimulation (i.e. they lower the sensitivity of the attack-
related hypothalamic centres).

The effects of acute corticosterone treatments were studied in adrenalectomised (ADX)
animals. ADX rats were implanted with pellets containing 1 100% cholesterol; 2. 75%
cholesterol and 25% corticosterone, and 3. 25% cholesterol and 75% corticosterone. The
treatments induced a basal corticosterone level of 1 < 10 nmol/l; 2. 100-150 nmol/1, and 3.
700-800 nmol/1, respectively. Acute increases in corticosterone were induced by
corticosterone injections 10 min. before experimental testing (250 pg/kg)

Adrenalectomy itself (cholesterol pellet) did cause a very significant increase in thresholds
(thus neuronal sensitivity to stimulation decreased). Acute corticosterone injections induced a
marked decrease in attack thresholds (sensitivity increased) in both animals implanted with
cholesterol and low corticosterone pellet. The high cholesterol pellet induced a significant
decrease in attack thresholds (sensitivity increased), while acute injections had no effect in this
case.

Results support the assumption that an acute injection of corticosterone may increase the
stimulus sensitivity of neurons specifically involved in aggressive behavior. The effect
develops rather quickly.

Corticosterone is intensely secreted at the beginning of a spontaneous aggressive encounter
in males irrespective to social or residence status. Significant increases of blood corticosterone
are reached within 5 minutes. The outbreak of attacks lasts approximately 5 minutes as well.
Our results suggest that this naturally occurring corticosterone secretion may have a role in
promoting aggression. Corticosterone may make the aggression-related brain centres more
sensitive to stimuli. It is not known whether this is the case of other behaviors affected by
corticosterone

To our surprise, chronic increases in corticosterone also increased the stimulus sensitivity
of the HM. This observation supports the assumption widely accepted in psychology and
sociology that chronic stresses increase aggression. However, it is in sharp contrast with
laboratory experiments that show a decrease of spontaneous aggression after chronic
corticosterone treatments.
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CazCURRENTS OF FRESHLY ISOLATED COCHLEAR NUCLEUS
NEURONES OF RAT

HARASZTOSI, CS., RUSZNAK, Z. and SzUCS, G.

Department of Physiology, University Medical School of Debrecen,
H-4012, Debrecen, Hungary

Voltage-gated Ca2+ currents activated on depolarization have been studied in 24 cochlear
nucleus neurones isolated enzymatically by simultaneous Collagenase and Pronase treatment.
The dissociated cells were investigated by whole-cell voltage-clamp in a medium where all but
Ca2+currents were inhibited ([Ca2je= 2 mM). Large cells with multiple processes were selected
for the present study.

When depolarizing voltage steps from a prepulse potential of -120 mV to -90 mV were
applied, a low-voltage activated (LVA) Ca2+ current was observed with fast activation and
inactivation Kkinetics. Although the amplitude of this T-type component showed great
variability in different cells (-200 pA to -1500 pA), its steady-state inactivation, which
determined by a double pulse protocol was similar in all neurones studied (the halfinactivation
voltage and slope factor were -94+6 mV and 62 mV, respectively [n=5; mean £+ SD]).

From a holding potential of -60 mV another current could be recorded. The activation of
this component required larger depolarizations (to approximately -30 mV), it showed slow
inactivation, and the peak of the current-voltage relationship was seen at about -20 mV. No
further characterisation of this high-voltage activated (HVA) component was attempted.

Some of the investigated cells possessed a Ca2+ current which was - at least partially -
activated at holding potentials of -60 mV and showed no apparent time dependent
inactivation. As the steady-state inactivation of the LVA component is already complete at -
60 mV it seems unlikely that this current component may be part of the LVA.

All described current components were reversibly blocked by the extracellular application
of 2 mM CoCI2 although the individual currents showed different sensitivities. Both T-type
component and the Ca2+ current seen at -60mV holding potential were completely abolished
by C02+ but only some 70% of the HVA current was sensitive to this blocker.

Our work indicates that the freshly isolated cochlear nucleus neurones possess various Ca2+
currents, but the precise identification and separation of these components require extensive
further work.

This work was supported by OTKA T-1 9200.
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NIMODIPINE ATTENUATES DEHYDRATION-INDUCED OVEREXPRESSION
OF CALCIUM-BINDING PROTEINS IN RAT NEOCORTEX AND
HIPPOCAMPUS

HARKANY, T.,22PALFI, A.,1DE JONG, G.1.,2LUITEN, P.G.M.2and GULYA, K.1

mDepartment of Zoology and Cell Biology, Jozsef Attila University,
11-6720 Szeged, Hungary and
~Department of Animal Physiology, University of Groningen, The Netherlands

Dehydration is a commonly occurring physiological condition which may potentially alter the
intracellular ionic environment, involving changes of the Ca2- homeostasis of both neuronal
and peripherial tissues. It is worth noting, however, that several human disorders are also
accompanied by severe dehydration symptoms together with a highly increased plasma Ca2+
concentration. Ca2+ ions play a concentration-dependent bidirectional role in fundamental
neuronal functions since alterations in the intracellular Ca2+ level ([Ca2d,) may induce neurite

outgrowth and excitability but also neurodegeneration and cell death. One of the mechanisms
underlying the maintenance of the intracellular Ca2+ balance is the selective binding of Ca2+to
cytosolic low molecular-weight Ca2+binding proteins (CaBP). Members of the EF-hand CaBP
superfamily, parvalbumin (PV) and calbindin-D28k (CB-D28k), are the most prominent
specific representatives of these proteins in neuronal tissues.

In the present experiments we investigated the effects of dehydration-induced intracellular
Ca2+ accumulation on the expression of PV and CB-D28k in neocortical and hippocampal
interneurons of the rat brain. Whereas PV is a selective marker for GABAergic interneurons,
CB-D28k can be localized both to excitatory pyramidal and inhibitory interneuronal cell
groups. To correlate the effects of dehydration on the expression of the CaBPs, we confined
our analysis on the CB-D28k-positive (GABAergic) interneuron population. Moreover,
nimodipine, a dihydropyridine-base L-type Ca2 channel blocker was used to prevent
dehydration-induced alterations in neuronal functioning.

Male young adult Wistar rats were administered chronically with nimodipine (BAY E 9736)
for 5 weeks. Nimodipine was added to the daily food pellet in a concentration of 1000 ppm.
Subsequently, rats were deprived of water for 4 days. Thereafter, animals were transcardially
perfused and PV and CB-D28k immunocytochemistry was performed. Immunoreactive (ir) cell
numbers were quantified in the frontal and parietal (somatosensory) cortical areas and
hippocampus.

Four-day long dehydration resulted in significantly increased expressions of both PV and
CB-D28L Interestingly, while PV-ir most remarkably increased in the hippocampus,
dehydration elicited the most striking increase in CB-D28k-ir in the parietal cortex. It is
noteworthy that in the case of CB-D28k not only cell bodies but also neurites showed an
enhanced immunoreactivity. Chronic pretreatment with nimodipine attenuated these
dehydration-induced alterations with a high efficacy. Following a combined treatment the
number of PV or CB-D28k-ir interneurons did not increase, relative to naive control animals.

In conclusion, our results indicate that dehydration (1) directly influences the intracellular
Ca2+ homeostasis of neurons, (2) induces the overexpression of multiple CaBPs which may
enhance the survival of nerve cells and contribute to the maintenance of a normal
physiological function. (3) Blockade of Ca2+channels, particularly those of the L-type, by
selective antagonists prevents the dehydration-induced changes in CaBP expression. The drug
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effect may be indicative for the fact that selective antagonists could attenuate pathological
increases in the intracellular Ca2+ concentration.

This work was supported by grants of OTKA (# to K.G.) and ETT (# to K.G.) and a Bayer-
Tropon research fellowship (to P.G.M. L.).

MK-801 ADMINISTRATION PREVENTS THE CHOLINOTOXIC ACTION
OF B-AMYLOID IN RAT MAGNOCELLULAR NUCLEUS BASALIS:
DIFFERENCES BETWEEN YOUNG AND AGED ANIMALS

HARKANY, T.,22DE JONG, G.I.2ABRAHAM, 1.,23VARGA, J..4ZARANDI, M.,4
PENKE, B.,4ANYAKAS, C.12and LUITEN, P.G.M.2
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H-1389 Budapest, Hungary,
department of Animal Physiology, University of Groningen, Haren, The Netherlands,
institute of Experimental Medicine, Hung. Acad, of Sciences, Budapest, Hungary and
“Department of Medical Chemistry, Szent-Gyorgyi Albert Medical University,
Szeged, Hungary

Major neuropathological features of Alzheimer's disease involve the enhanced generation and
subsequent accumulation of R-amyloid peptides (BAP) forming neuritic plaques and
cerebrovascular deposits. Compelling evidence indicates that RAP exert neurotoxicity under
both in vitro and in vivo conditions and might contribute to the cholinergic decline in the
disease process. It is noteworthy that while several attempts were made to characterize RAP
neurotoxicity the fundamental molecular pathway leading to cellular toxicity is still to be
ascertained.

In the present experiments we set out to investigate by means of behavioral and
histochemical methods the time-course of the neurotoxicity of BAP(25-35) and RAP(I-42)
fragments; differences in their neurotoxic potentials in young and aged animals, and
neuroprotection by N-methyl-D-aspartate (NMDA) receptor antagonist MK-801.

Young adult (3 months of age, n=6 per group) and aged (28 months of age, n=4 per group)
male Wistar rats were used in the experiments. BAP(25-35) or BAP(l-42) was injected in a
concentration of 0.2 nmol/1 pi into the right nucleus basalis (MBN) of rats. Alterations in
spontaneous behaviors of young animals were determined using the small open-field paradigm
3, 7 and 14 post-surgery. MK-801 was administered acutely in a dose of 5 mg/kg body weight
(i.p.) 2 hours prior to BAP(I-42) infusion and rats were sacrificed after a 14-day survival
period. The neurotoxic potential of BAP in young and aged rats was compared after 14 days
post-operation. Following the appropriate survival period rats were transcardially perfused
with 4% paraformaldehyde, the brains were dissected out and posffixed in the same fixative for
24 hours. Cortical acetylcholinesterase (AChE, EC 3.1.1.7) activity was visualized according
to Hedreen et al. (1985) using a silver-nitrate intensification procedure. Loss of cholinergic
projection fibers was quantified in the posterior somatosensory area by using a Leica
Quantimet Q-600HR computerized image analysis system.

Marked deficits in explorative animal behavior (hypoactivity) of young rats as a
consequence of RAP infusion became apparent as early as 3 days post-surgery and were
maintained throughout the survival periods investigated. Interestingly, MK-801 treatment
antagonized the RAP-induced hypoactivity and resulted in a significant hyperactivity which
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was most obviously present in the first 10-minute block of the behavioral test. Comparison of
the spontaneous behaviors of young and aged animals revealed a significantly reduced activity
in aged rats, whereas BAP infusion into the MBN of aged rats did not alter their behavioral
characteristics 14 days post-injection.

In the histochemical evaluation we confined our analysis on the loss of the cortical
cholinergic innervation visualized by AChE-positive fibers. Both BAP(25-35) and BAP(I-42)
injections resulted in significantly reduced densities of cortical AChE-positive fibers
originating in the MBN. Interestingly, BAP(I-42) injection-induced neurodegeneration
exceeded that of BAP(25-35) fragment and this neurotoxicity was enhanced by an acidic
milieu. Comparative analysis of our behavioral data and deficits in cortical cholinergic
innervation revealed a strong correlation between impairments of explorative behavior and
the extent of cortical cholinergic degeneration. While BAP(I-42) injections into the MBN
resulted in a 22.1% loss of cortical cholinergic innervation, MK-801 treatment decreased the
extent of fiber reduction to 5.0%. Decreased BAP neurotoxicity was determined in senescent
rats as compared to young adult animals.

In conclusion, our studies demonstrate that unilateral MBN injections result in graded
alterations in spontaneous animal behavior. The neurotoxic potentials of different BAP
fragments are dependent on their chemical properties, particularly on their tertiary structure,
and an acidic milieu (pH 4.0). Our studies using the non-competitive NMDA receptor
antagonist MK-801 together with the marked differences between young and aged rats indicate
(1) the possible involvement of a calcium overload leading to the observed cholinergic cell
death; or (2) a ligand-like binding of BAP to specific cell-surface structures. We suggest that
age-mediated down-regulation of receptors or receptor-like binding sites may account for the
decreased neurotoxicity in senescent rats.

This work was supported by a Joint Grant of the Netherlands Science Foundation and
OTKA, Hungary (to PGM. L. and C.N.), a grant of the Netherlands Science Foundation (970
10 005 to G.I. J) and grants of the Hungarian Ministry of Education (#549/1995 to C.N.), the
Hungarian Credit Bank (MHB, Foundation for the Hungarian Science to T.H.), and the EGtvos
Foundation of the Hungarian Scholarship Board (to T.H. and to I.A.).

PROLONGED R-AMYLOID(I-42) INFUSION INDUCES BEHAVIORAL,
BIOCHEMICAL AND NEUROANATOMICAL CHANGES IN FREELY MOVING
RATS: IMPACT OF PEPTIDE ASSEMBLY STATE AND NEUROPROTECTION

BY ZM-6, A PENTAPEPTIDE ANTAGONIST

HARKANY, T.,12VARGA, J.,3JOST, K.,SZARANDI, M.,3PENKE, B..3NYAKAS, C.,'-2
LUITEN, P.G.M.2and ABRAHAM, 1.24
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B-amyloid (BAP) neurotoxicity, in vivo properties of potentially amyloid-like peptide
fragments and their probable contribution to cell death in brain areas subserving learning and
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memory have recently become one of the major issues in Alzheimer's disease (AD) research.
Earlier studies in our laboratory demonstrated that BAP fragments exhibit in vivo
cholinotoxicity in the magnocellular nucleus basalis (MBN) of rats. The neurotoxicity is
accompanied by a calcium overload and intracellular calcium-binding ‘buffer' proteins may
enhance the survival of nerve cells. Furthermore, N-methyl-D-aspartate receptor antagonists,
such as MK-801 or ifenprodil effectively attenuated the BAP-induced neurotoxic cascade.

In the present series of experiments we investigated prolonged (120 min) BAP infusion-
induced changes in animal behavior throughout a 14-day survival period. Alterations in the
release profile of excitatory amino acids during BAP perfusion were also determined. To
evaluate the neurotoxic potential of BAP, thioflavine-S and acetylcholinesterase (AChE, EC
3.1.1.7) histochemical procedures were employed. Furthermore, the effects of a pentapeptide
amyloid antagonist (ZM-6) which may prevent the cell-surface binding or aggregation of BAP
were also studied.

A concentric microdialysis probe, made of Travenol hollow fibers was implanted into the
right MBN region of young adult male Wistar rats and secured to the skull with dental acrylic.
BAP(I-42) or BAP(17-43) was dialysed through the probe in a concentration of 0.2 nmol/1 pi
at constant flow rate (2 p 1/min) in freely moving rats. In case of neuroprotection studies, an
equimolar ZM-6 solution was dialysed for 60 minutes followed by a 60-minute BAP(I-42)
perfusion. Extracellular amino acid levels were determined by HPLC analysis of ortho-
phtalaldehyde (OPA) derivatives of amino acids. In parallel with BAP perfusion home cage-
like activities of freely moving rats were determined. Furthermore, open-field activity was
determined after 24 hours, while passive shock-avoidance learning was tested 14 days
postsurgery. Thioflavine-S histochemistry was employed to visualize the extent of BAP(1- 42)
deposition in the brain. Moreover, the loss of AChE-positive fibers invading the somatosensory
cortex was determined by means of quantitative AChE histochemistry.

Prolonged BAP administration resulted in the severe impairments of both spontaneous
behaviors and learning and memory processes. Pretreatment with ZM-6 beneficially influenced
these disturbances. BAP infusion elicited a dramatic increase in Aspartate and Glutamate
release, which was accompanied by that of Taurine. Interestingly, the time point of this
enhanced excitatory amino acid release matched an activation in home cage-like behavior.
Prolonged BAP infusion resulted in an increased accumulation and deposition of the protein in
the brain tissue, as compared to acute injections. Comparison of the loss of cortical AChE-
positive fibers revealed a strong correlation between (1) the tertiary structure of BAP
fragments, (2) the extent of depositions formed and (3) the loss of cortical cholinergic
innervation. BAP(I-42) elicited a more pronounced neurodegeneration than BAP(17-43). It is
noteworthy that the latter sequence, which might be generated also in the brains of non-AD
individuals, induced a significant decrease in cortical AChE-positive fiber densities, as well.
ZM-6 administration prevented the loss of cholinergic fibers in the somatosensory cortex.

Administration of the full length BAP sequence [BAP(I-42)] elicited marked behavioral
disturbances throughout the survival period. An underlying mechanism of these changes might
be the extensive neurodegeneration which occurred as a consequence of the administration of
the peptide.

Interestingly, BAP neurotoxicity was mediated by an enhanced Aspartate-Glutamate co-
release. The present data together with our previous results indicate that the neurotoxic
potential of the peptide fragments and thus the loss of cortical AChE-positive innervation
correlates with the extent of BAP deposition in the MBN. It is noteworthy that the
‘extracellular fragment' of BAP (containing the [25-35] amino acid sequence) also exhibited a
marked neurotoxicity. Application of ZM-6, a conformational pentapeptide antagonist
effectively decreased the neurotoxic action of BAP. Most remarkably, ZM-6 almost
completely prevented the loss of cortical AChE-innervation. In summary, early phases of in
vivo BAP neurotoxicity involve an enhanced release of excitatory amino acids which may
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directly lead to cell death. Furthermore, conformational amyloid antagonists effectively
prevent the initiation of the neurotoxic cascade and might be potent tools in designing
specific anti-amyloid drugs.

This work was supported by a Joint Grant of the Netherlands Science Foundation and
OTKA, Hungary (to PGM. L. and C.N.), grants of the Hungarian Ministry of Education
(#545/1995 to C.N.), the Hungarian Credit Bank (MHB, Foundation for the Hungarian Science
to T.H.), the E6tvds Foundation of the Hungarian Scholarship Board (to T.H. and to .A.) and
OTKA (# FO165560 to 1A).

MECHANISM OF SYSTEMIC ANTI-INFLAMMATORY EFFECT INDUCED BY
ORTHODROMIC AND ANTIDROMIC STIMULATION OF THE CAPSAICIN
SENSITIVE SENSORY NERVE ENDINGS
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Department of Pharmacology, University Medical School of Pécs,
H-7643 Pécs, Hungary

Neuropeptides released by antidromic electrical or orthodromic chemical stimulation from the
peripheral endings of the capsaicin-sensitive primary afferent neurons evoke local neurogenic
inflammation in the innervated skin and mucosal areas. It has been established by previous
studies that a neurogenic inflammation (primary reaction) inhibits the development of a
subsequent neurogenic or non-neurogenic inflammation on a distant part of the body
(secondary reaction). A pure non-neurogenic inflammation evoked by subplantar injection of
dextran into the chronically denervated hindpaw had no anti-inflammatory activity.

The aim of the present study was to examine the neurotransmitter background of this
phenomenon. In the first sets of the experiments the primary inflammation was evoked by
orthodromic stimulation of the capsaicin sensitive sensory nerve endings by topical
application of 1% mustard oil on the acutely denervated leg skin of the rats. Following the
primary reaction, the secondary plasma protein extravasation in the contralateral paw evoked
by mustard oil smearing was inhibited by 50%. Pretreatment with polyclonal somatostatin-14
antiserum (i.p.) in a dose of 0.5 ml/ rat which abolished the anti-inflammatory effect of 10
pa/kg exogenously given somatostatin or the opiate antagonist naloxone (1 mg/kg, s.c.)
strongly reduced the inhibitory effect of the primary reaction. Orthodromic neurogenic
inflammation (primary reaction) significantly decreased the oedema induced by subcutaneously
injected dextran into the chronically denervated contralateral paw (secondary reaction) as
well. Somatostatin antiserum or naloxone pretreatment diminished but did not completely
eliminate this anti-inflammatory effect. Furthermore exogenous somatostatin (10 or 20
pa/kg, i.p.) significantly reduced the mustard oil-induced neurogenic inflammation, and this
inhibition was prevented by pretreatment the rats with naloxone (1 mg/kg s.c.). All these
results suggest a mediator role for somatostatin in the anti-inflammatory response evoked by
the primary reaction. The second part of the study the primary neurogenic inflammation was
induced by antidromic electrical stimulation of the sciatic nerve. Excitation with 5 Hz for 5
min or with 0.5 Hz for 60 min caused plasma extravasation in the innervated skin of the paw
and also reduced the secondary antidromic neurogenic inflammation or the inflammation
induced by subcutaneous injection of 1% carrageenin on the contralateral side. Stimulation
with 0.1 Hz for 4 h did not have inflammatory action but did exert anti-inflammatory
activity.
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It is concluded that orthodromic as well as antidromic neurogenic inflammation inhibit the
development of a subsequent inflammatory reaction at a distant site. Major transmitter role
for somatostatin and possible participation of opioid peptides in this anti-inflammatory action
is suggested. The anti-inflammatory mediator(s) is likely to be released directly from the
activated sensory nerve endings and not from the inflamed tissue, as low frequency electrical
stimulation induces inhibitory action without causing plasma extravasation.
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IN VITRO NEUROGENESIS FOLLOWED BY COMPUTER-CONTROLLED
VIDEOMICROGRAPHY
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Our knowledge concerning the early steps in neuron formation is far from clear. The in vivo
examination of changes in cell-to-cell interactions is set back by many difficulties. The use of
in vitro model systems (e.g. primary cell cultures or neural cell lines) can solve some of the
problems arising from the limited quantity and life span of the in vivo neural progenitors.

In our laboratory we use several p53-deficient immortalized neuroepithelial progenitor cell
lines, which can be differentiated into neurons and astrocytes upon induction by retinoic acid
(RA) (2). In our previous work we determined the typical stages of in vitro neuron formation
by describing several morphological patterns formed by specific cell-to-cell interactions in
cultures (2). We used immunostained cultures fixed at definite stages of differentiation. It is
obvious, that these preparations provide only "snapshots" from the processes of in vitro
neurogenesis.

Using computer-controlled video-micrography, the fate of single cells, the kinetics of cell
migration or differentiation or the maturation of morphological patterns can be followed
continuously, during several weeks. In the poster we present data on the use of computer-
controlled video-micrography in analysing in vitro neurogenesis Video-micrographic data show
that the decrease in cell number during the first 3 days of RA treatment was due to the
inhibition of cell proliferation rather than to the enhancement of cell death.
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We demonstrate that cell migration and the changes in the cell shape can occur within
minutes. Cell groups can alter actively their morphology, without further cell divisions. Our
data also show that morphological patterns are not stable and they can transform into each
other during maturation. Thus, while immunostained preparations could give information only
about the distribution of morphological patterns at the moment of fixation, video-microscopy
can give informaton about the continuous changes during neuronal maturation.
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EVIDENCE FOR TASTE RESPONSIVENESS IN THE PREFRONTAL CORTEX
OF THE RAT: ANALYSIS OF SINGLE UNIT RECORDINGS IN THE
ORBITOFRONTAL CORTEX

HERNADI, 1.1 BAGL, E.1 VIGH, J.1 KARADI, Z.2 LENARD, LA2and LOVAS, M.1

Weurobiology and Comparative Physiology Group,
Department of General Zoology and Neurobiology,
Janus Pannonius University, H-7601, Pécs, and
Neurophysiology Research Group of the Hungarian Academy of Sciences at
Institute of Physiology, Pécs University, Medical School, Pécs, H-7601 Pécs, Hungary

The orbitofrontal (ventral-lateral prefrontal, OBF) cortex is widely considered as a secondary
taste area in the primate. Though morphological and functional homology of this area is also
present in the rodent, the OBF is mainly claimed to be a structure of higher level olfactory
information coding and taste-odor association learning, there. Also in rodents, illness-aversion
deficits and disturbances in body weight regulation together with food and fluid intake are also
reported. Despite the abundance of literature data on feeding related OBF functions, the
specific roles of its intrinsic neurons in the information processing of gustatory stimuli are
poorly understood. To investigate specific, gustatory coding characteristics of OBF neurons,
extracellular single unit activity was recorded during intraoral taste stimulations.

Slightly anaesthetized CFY rats were stereotaxically fixed and single neuron activities in the
OBF were recorded by glass microelectrodes. Two concentrations of five basic tastants (sweet,
salty, sour, bitter and umami, respectively) and a complex one (orange juice) were individually
administered into the mouth through a stimulus delivery device. Analogue data were AID
converted, single cells were off line separated, and frequency histograms computed. Taste-
responsive neural firing rate changes were found in the OBF of the rat. The proportion of
taste responsive neurons was approx. 11%. Gustatory neurons showed distinct responsiveness
to the various stimulus modalities, changing their spontaneous activity mainly to one or two
taste cues. Almost all gustatory cells showed dynamic, motivation associated discharge rate
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changes (habituation or sensitization) during the subsequent application of the same stimuli.
Concentration-dependent responses were also recorded.

The present results, along with previous findings, indicate that OBF is intimately involved
in the higher order coding of gustatory information. Complex response patterns of OBF
gustatory neurons suggest the evidence for a neural level motivational control of taste
associated learning (e.g. sensory-specific satiety) mechanisms.

THE NEURONAL NETWORK REGULATING THE MOVEMENT OF THE
OLFACTORY ORGAN AND ITS IMMUNOCYTOCHEMICAL ANALYSIS IN THE
SNAIL HELIX POMA TIA

HERNADI, L., TEYKE,T,, and ELEKES, K.

Balaton Limnological Research Institute, Tihany, Hungary and
J-Gutenberg University, Zoological Department, Mainz, Germany

Hungry snails after a few presentation of a kind of food pieces are able to find them among
others from significant distances. The posterior tentacles which are the olfactory organs of
the snail have characteristic spatial positions during both the appetitive food-finding and the
consumatory phase of feeding behavior (Teyke 1995, Peschel et al. 1996). The olfactory
organs are innervated by the olfactory nerve (on) from the tip to the base, and by the
peritentacular nerves (ptns) from the base to the tip of the organ.

In this study we describe the afferent and efferent elements of the neuronal network
regulating the movements of the olfactory organ by applying parallel retrograde Co and Ni
labelling through nerves which innervate the organs. Furthermore, we describe the serotonin
immunoreactive (5HT-ir) and FMRFamide immunoreactive (FMRFa-ir) elements of the
network.

The parallel retrograde Co and Ni labelling through the ptns and the on shows that the
unipolar neurons efferent to the tip and the wall of the organs are both separated and
overlaped. The parallel lucifer yellow and Co labelling through the on and the ptns shows that
the cerebral neurons efferent to the base of the organ, send side branches to the lucifer yellow
labelled olfactory afferents, suggesting that they may have direct contacts.

Immunocytochemistry revealed that the organs are densely innervated by both 5HT-ir and
FMRFa-ir elements, suggesting that numerous 5HT-ir and FMRFa-ir neurons innervate the
organsPeripheral FMRFa-ir, but not 5SHT-ir, cell bodies can be deteted in the wall of the organs
showing that the S5HT-ir fibers exclusively, whereas FMRFa-ir fibers only partly originate
from the brain.

Following the removal of the tips of the olfactory organs, the majority of 5HT-ir, but not
FMRFa-ir fibers disappeared in the wall, demonstrating that the rest of S5HT-ir fibers
originated from Cvl the only identifiable serotonergic neuron efferent to both ptns.

From the ventral side of the tip of the organ four thin muscle bundles originate which are
anchored at the base of the organ, therefore they seem to be suitable to bend or elevate the
protracted organ. They receive both 5HT-ir and FMRFa-ir fibers from both the ptns and the
on.

Our observations suggest that olfactory input are capable of regulating the spatial positions
of the olfactory organs which are set in by different neuronal populations efferent to the
organs and by its intrinsic neurons as well. Furthermore, the precise directioning of the
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olfactory organs towards the source of the proper odour suggests that snails possess a space
cognition ability.

Supported by Stiftung Rheinland-Pfalz fir Innovation to T.T. and by OTKA Grant No.
16015 to K.E.

References

Teyke T. (1995) J. Comp. Physiol. 177:409-414
Peschel et al. (1996) J. Comp. Physiol. 178:317-327

IDENTIFICATION OF A LOW AFFINITY SEROTONIN RECEPTOR IN INSECT
HAEIMOCYTES
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It was previously shown that serotonin (5HT) enhances phagocytic activities of cockroach
haemocytes through the IP3 second messenger system. In the present study we investigated
the binding properties of the radiactive labeled agonist (3H5HT) and antagonists (3H-LSD,
13-LSD) to demonstrate the presence of 5HT receptor in the cricket haemocyte membranes.

The haemolymph was collected from cooled crickets (Acheta domestica) and the
haemoeytes were sedimented by centrifugation. The haemocytes were homogenized in 50 mM
Tris-buffer pH 7, and centrifuged 4 times at 17,000 g for 60 minutes with intermediate
resuspension. For the characterization of the kinetie and pharmacological properties of the
binding, the membrane pellet was incubated with 3H-5HT in the presence and absence of
different pharmacons.

3H-5HT was found to bind specifically to the cricket haemocyte membrane. The spécifié
binding was saturable and the Scatchard plot fitted the one site model. However, the 5HT
binding to the haemocyte membrane has a low affinity. The Kdvalue was 109.4 nM and the
maximal binding (Bna) value 2841.8 fmol/mg prot. The binding was reversible, the association
was fast, whereas the dissociation was low. Investigating the affinity of a series of SHTh
5HT2 5HT3 receptor specific pharmacons was found that only the agonists (5SHT, a-methyl-
5HT, 2-methyl-5HT, 1 [naphtyl]piperazine) could displace the bound 3H-5HT. The
antagonists LSD, mianserin, ketanserin, 1CS205-930, cyproheptadine, methiothepin did not
inhibit the 3H-5HT binding. It was also found that neither the 3H-labeled nor the [24l-labeled
antagonist LSD bound specifically to the haemocyte membranes.

It seems that the S5HT receptor in the insect haemocytes has anusual properties, it can be
stimulated by agonists but not inhibited by antagonists.

Supported by OTKA grants No. 5422 and No. 016015.
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ETHANOL AND NMDA RECEPTOR FUNCTION
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The activity (output) of neurons depends on the balance of their excitatory and inhibitory
inputs. The major inhibitory neurotransmitter in the central nervous system is GABA, and the
major excitatory transmitter is glutamate. There are several subtypes of glutamate receptor,
including the N-methyl-D-aspartate (NMDA) subtype.

The NMDA receptor is a heteromeric ligand-gated ion channel that consists of an NR1
subunit, which is required for activity, in combination with one or more NR2 subunits (NR2A-
D), which confer pharmacological specifity to the response of the receptor. The NMDA
receptor is activated by the agonist glutamate and the required co-agonist, glycine, and can be
specifically inhibited by various compounds that act at the ion channel or at ligand recognition
sites. When activated, the NMDA receptor-coupled ion channel is permeable to Ca2 as well
as to Na+and K+ The NMDA receptor is believed to play key roles in learning and neuronal
development. When subject to excess activation, the receptor is involved in generation of
seizure activity and excitotoxicity.

Our work, and that of others, has shown that ethanol is a potent inhibitor of NMDA
receptor function in a number of neuronal preparations. In cerebellar granule neurons, the
mechanism of action of ethanol involves a reduction of the potency of the co-agonist,
glycine. However, the mechanism of action of ethanol may vary among cells from different
lirain regions, possibly due to differences in NMDA receptor subunit composition within these
regions. We have also investigated changes in the NMDA receptor that occur after chronic
treatment of cultured cells or whole animals with ethanol. When mice are treated with ethanol
in a paradigm that produces physical dependence on ethanol, there is an up-regulation of
NMDA receptors in brain, as measured by ligand binding. This change may represent an
adaptation to the initial inhibitory effect of ethanol, and is associated with increases in the
level of proteins for several NMDA receptor subunits. However, there is no corresponding
change in the level of mRNA for these receptor subunits, suggesting the possibility that
chronic ethanol treatment results in post-transcriptional changes in the NMDA receptor. The
time course of the change in the NMDA receptor in brains of ethanol-treated mice parallels
the time course for the appearance and disappearance of ethanol withdrawal convulsions,
suggesting a role for the NMDA receptor in the generation and/or expression of this
withdrawal sign. This conclusion is supported by the finding that NMDA receptor antagonists
can attenuate ethanol withdrawal convulsions. Furthermore, our recent studies have shown
that concomitant treatment of mice with gangliosides during chronic ethanol exposure both
prevents the up-regulation of the NMDA receptor, and reduces the severity of ethanol
withdrawal convulsions. In addition to ethanol withdrawal signs, the NMDA receptor may play
a role in generating excitotoxic cell death following chronic ethanol exposure.

When cerebellar granule neurons are exposed to ethanol in vitro for several days, there is
also an up-regulation of NMDA receptor number and function. As in brain, this up-regulation
is associated with changes in the level of NMDA receptor subunit proteins, as well as with an
increase in the amount of a "glutamate binding protein” that is thought to be a component of
another form of the NMDA receptor. As a result of the up-regulation of NMDA receptor
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function, the cells become more sensitive to glutamate-induced excitotoxicity, which is
mediated by the NMDA receptor. This enhanced sensitivity to glutamate-induced cell death
could represent a mechanism underlying the neuronal damage that is observed in chronic
alcoholics. The enhanced excitotoxicity can be prevented by treatment of the cells with
various antagonists of the NMDA receptor, as well as with gangliosides. These data suggest the
possibility that therapies can be developed that would both reduce the severity of ethanol
withdrawal seizures/convulsions, and reduce or prevent ethanol withdrawal-induced
neurotoxicity.
Supported in part by NIH (AA9005; AA3527) and the Banbury Foundation.

STUDY OF COMPOUNDS ACTING AT POLYAMINE SITE OF NMDA
RECEPTOR BY CORTICAL WEDGE’ METHOD
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Ifenprodil and eliprodil are neuroprotective compounds and this effect is thought to be the
consequence of their antagonist property at the polyamine site of N-methyi-D-aspartic acid
(NMDA) receptor (1). However in some models (2, hippocampal cell culture) the
neuroprotective effect of ifenprodil seemed to be not mediated at polyamine site of NMDA
receptor. It has been proposed that the antagonist action at polyamine site is dependent on
the brain tissue used for the study.

Even the NMDA antagonist action of ifenprodil was questioned in a study on rat cortical
wedges (3).

The rat cortical wedge is a widely used in vitro method for characterisation of compounds
acting on excitatory amino acid receptors. Measurement of NMDA perfusion-evoked
depolarisation and/or the spontaneous epileptiform activity (SEA) appearing in magnesium-
free medium are reliable methods for detection of NMDA antagonists either competitive or
non-competitive (including channel blockers and glycine site antagonists).

In the present study we examined the effect of polyamine agonists spermine (SPN) and
spermidine (SPD) and antagonists ifenprodil and eliprodil on wedgeshaped slices of rat brain
cingulate cortex. Both the NMDA evoked depolarization response and SEA were measured,
similarly to a previous study (4).

In accordance with previous studies (3), our results confirmed, that 1-300 pM ifenprodil or
eliprodil did not decrease response to NMDA. Contrary to all other types of NMDA
antagonists studied, ifenprodil and eliprodil up to concentration of 50 pM increased the
frequency of SEA, 100 pM produced a biphasic effect, and only higher doses caused clear-cut
decrease. The amplitude was unambiguously dose-dependently decreased.

The erythro diastereomer of ifenprodil was found to be more effective than threo-
ifenprodil in our experiments studying SEA. Notwithstanding, Chenard et al. (5) found threo-
ifenprodil more effective in an in vitro neuroprotective test.

Our results suggests that ifenprodil and eliprodil do not exert a significant effect on NMDA
receptors in brain slices of rat cingulate cortex. The decrease in SEA may be caused by a
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mechanism other than NMDA antagonism. Dissimilarity in relative efficacy of diastereomers
as compared to other studies also supports this conclusion.
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THE DISTRIBUTION OF PUTATIVE NITRIC OXID SYNTHASE CONTAINING
NEURONS IN THE CENTRAL NERVOUS SYTEM OF FOUR ISOPOD SPECIES
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It has recently been demonstrated that the central nervous system (CNS) of various
invertebrate species including arthropods have nitrergic neuron populations. In this study using
NADPH-diaphorase (NADPHd) histochemistry the putative nitrergic network in the CNS of
four terrestrial crustacean species (Porcellio scaber, Oniscus asellus, Armadillidium nasulum
and Armadillidium vulgare) has been described in wholemount preparations and consecutively
serial paraffin sections.

Several NADPHd positive perikarya and neurofibres were found in all ganglia of the CNS in
all investigated species. The intensity of staining varied from specimen to specimen even if
they belonged to the same species and derived from the same incubation. Two distinct
populations of labelled neurons could be distinguished: one is characterised by constant and
strong staining while other neurons did not get stained in all samples. There were characteristic
interspecific differences in the distribution of NADPHd-positive perikarya and fibres. In P.
scaber, O. asellus and A. nasulum mainly the perikarya stained, while in A. vulgare only few
labelled perikarya and a well developed, strongly stained network of fibres were found. The
distribution of labelled cells showed some similarities and a few marked difference. Only a few
NADPHd-positive cells occurred in the proto-, deutero- and tritocerebrum, while in the
subesophageal and thoracic ganglia and especially in the terminal ganglion several labelled
neurons were found. In the terminal ganglion of P. scaber and A. nasulum the ventral unpaired
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median neurons and paired neurons with small diameter gave positive reaction while in O.
asellus and A. vulgare several large sized paired positive cells were revealed.

Variability of staining within species and the interspecific differences in the distribution of
NADPHd-positive neurons suggest the plasticity of nitrergic network during life cycle and
spéciation.

This study was supported by OTKA No. T 016838.
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The effects of glutamate agonists and their selective antagonists on the Ca2~dependent and
independent releases of [3H]JGABA from rat coronal hippocampal slices were studied in a
superfusion system. The Ca2~dependent release evoked by glutamate, kainate and N-methyl-
D-aspartate (NMDA) gradually declined with time despite the continuous presence of the
agonists. Quisqualate (QA) caused a sustained release within the 20-min period of stimulation.
This release was enhanced in Ca2+free medium. The release evoked by QA in 2Ca containing
medium was significantly inhibited by dizocilpine and 6-cyano-7-nitroquinoxaline-2,3-dione
(CNQX), indicating that QA activates NMDA receptors directly or indirectly through a-
amino-3-hydroxy-5-methyl-4-isoxazolepropionate (AMPA) receptors. The inhibition of
dizocilpine was slightly diminished and that of CNQX totally abolished in Ca2+free medium.
Verapamil inhibited the QA-activated release in both Ca2~containing and Ca2+free media.
The effect of QA but not that of AMPA was blocked in Ca2+free medium by L(+)-2amino-3-
phosphonopropionate (L-AP3). We suggest that the sustained release of GABA is also
mediated partly by activation of L-AP3-sensitive metabotropic receptors and mobilization of
Ca2+from intracellular stores. Such long-lasting increase in hippocampal release of GABA may
be involved in long-term potentiation.
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DYSTROPHIN IMMUNOREACTIVITY IN A PRIMARY SENSORY
EPITHELIAL CELL.
IMPLICATIONS FOR SYNAPTIC LOCALIZATION
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Dystrophin has been identified as the protein lacking or being truncated in the lethal genetic
disease Duchenne muscular dystrophy (DMD), as well as in the milder Becker muscular
dystrophy (BMD). The dystrophin gene contains seven independent promoters, giving rise to
various dystrophin transcripts and at least seven proteins of different molecular weights, in a
tissue- and cell-specific manner. The exact function of these proteins is still to be clarified.
Data on their intracellular localization are also scarce, except for the full length, 427 kDa
dystrophin in the neuromuscular junction. In this case localization of the protein in the
postsynaptic membrane has been convincingly documented.

In primary sensory epithelial cells a peculiar synaptic specialization, the “synaptic ribbon”
is found in presynaptic position but displays the features also of the postsynaptic element. By
using a monoclonal antibody specific for the C-terminal region of dystrophins (Dys2,
Novocastra), we were able to demonstrate immunoreactivity in the “rod” component of this
structure in pinealocytes. This finding indicates that the synaptic ribbon might be a synaptic
complex incorporated by the presynaptic element. This also explains why dystrophin was
observed at both synaptic sides in the outer plexiform layer of the retina [Schmitz et ah,
Histochemistry (1993) 100, 473-479 and Ueda et al., Invest Ophtalmol Vis Sei. (1995) 36,
218-232]. A further implication of our finding is that dystrophin might be a general
constituent of the postsynaptic density anchoring actin filaments and receptors to the
postsynaptic membrane. This assumption is supported by the demonstration of dystrophin
immunoreactivity in postsynaptic densities of hippocampal (present work), cerebral cortical
and cerebellar [Lidov et ah, (1990) Nature 348, 725-728] synapses.

This work has been supported by OTKA (grant No. T 16547).

THE EFFECT OF CNP ON THE ACTIVATION OF THE PITUITARY-ADRENAL
SYSTEM INDUCED BY DIFFERENT STRESSORS
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Earlier experiments carried out in our department established that ANP (atrial natriuretic
peptide) can eliminate the ether induced activation of the pituitary-adrenal system.

In the present experiments we examined the effect of CNP, which is the most common
type of the natriuretic peptides in the CNS on the actions listed below.
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In order to get the activation of the pituitary-adrenal system we used the following
stressors: Ether stress applied for 1-1,5 minutes, restraint for 30 minute, electrical stimulation
(ImA applied on the paws for 5 sec in every 15 sec during 1 minute). Plasma corticosterone
level was measured by fluorescence assay.

CNP (2 pg-20 ng), which was administered intracerebroventricularly was able to reduce in a
dose dependent manner the increase of the corticosterone level caused by ether stress.
Although it shows a tendency of attenuation of the activation induced by restraint or electric
shock, the decrease was not statistically significant.

These data show, that CNP depending on the type of the stressors, can abolish or reduce
the activation of the pituitary-adrenal system, which may indicate that this neuropeptide can
block only some "stress pathways" and it is not able to diminish the response induced by the
sensory system.

MOLECULAR BIOLOGY OF IONOTROP GLUTAMATE RECEPTORS.
EXPRESSION OF GluRI AND GIluR2 SUBUNITS IN HETEROLOGOUS
MAMMALIAN CELLS

JEANPLONG, F,, NAGY, J. and SOMOGY], P.
Institute for Drug Research, Dept. Mol. Biol, Budapest, HUngary

In the last decade a new group of AMPA antagonists has been investigated in Institute for
Drug Research, Budapest. These 2-3 benzodiazepine based antagonists proved to be non-
competitive and might be potential drug candidates. One of their well-known representative is
the compound GYKI 52466. At that moment little is known about the pharmacological
significance of the different AMPA receptor subtypes and that whether each of the various
AMPA receptor subtypes have GYKI 52466 binding sites. As the first step of this
investigation GluRl and GIuR2 receptor subtypes were cloned and expressed in mammalian
cells. The final goal of these experiments is to investigate different non-competitive AMPA
antagonists synthetized in Institute for Drug Research using whole cell voltage clamp method.

Cloning work started with whole-cell RNA isolated from rat brain GluRI and GIuR2 cDNA
were prepared using RT-PCR technique and inserted into Bluescript phagemid vector
(Stratagen). Sequencing experiments revealed minor differences in comparison to published
sequences. cDNAs were inserted into pcDNA3 mammalian expression vector and transfection
into HEK 293 cells was carried out by calcium phosphate precipitation method. Stably
expressing clones were isolated, and the presence of the proper glutamate receptor subunites
was verified using either Northern blot analyses or 3H-AMPA binding assay. Our results showed
that the level of the expression was high enough to produce detectable binding of 3H-AMPA,
but, up to now, it was not possible to record AMPA-induced transmembrane currents from
these cells using patch clamp technique.
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EFFECTS OF CHEMICAL MODIFICATION OF ARGINYL RESIDUES ON
IONOTROPIC GLUTAMATE RECEPTORS

JENEI, ZSA2 VARGA, VA2 JANAKY, R.,1SARANSAARL, P.1and OJA, S.SA3

‘Tampere Brain Res. Ctr., Univ. of Tampere, Finland,
Dept. of Animal Physiol., Kossuth Lajos Univ. of Sciences, Debrecen, Hungary,
PDept. of Clinical Physiol., Univ. Hospital, Tampere, Finland

The possible involvement of arginyl residues in the binding of ligands to ionotropic glutamate
receptors and to modulatory sites in the N-methyl-D-aspartate (NMDA) receptor was assessed
in porcine cortical synaptic plasma membranes after covalent modification with
phenylglyoxal (PGO). Binding of [3H]glutamate to the ionotropic sites was inhibited by PGO
in a dose-dependent manner. The maximal effect of PGO was observed at 20 mM. At this
concentration PGO also markedly reduced the binding of [H]kainate to kainate sites and
slightly inhibited the binding of (S)-5-[3H] fluorowillardiine to the 2-amino-3-hydroxy-5-
methyl-4-isoxazolepropionate (AMPA) receptors. Twenty mM PGO almost completely
diminished the binding of 3-((R}carboxypiperazin4-yl)[l,2-3H]propyl-l-phosphonate
([3H]CPP), a competitive antagonist of the NMDA receptor. The strychnine-insensitive
binding of [3H]glycine to the coactivatory sites of the NMDA receptor was likewise inhibited
by PGO. The glycine- and glutamate-activated binding of [3H]dizocilpine, a use-dependent
channel-blocker of the NMDA receptor-ionophore, was also inhibited by treatment with PGO.
In protection experiments, preincubation of the membranes with nonlabeled glutamate,
kainate, AMPA, CPP and glycine prevented or reduced the inhibitory effect of PGO, only
dizocilpine being without effect. Our data suggest that arginine residue(s) may be directly
involved in the binding of the ionotropic glutamate receptor ligands but not in the binding of
dizocilpine.

COMPARATIVE STUDY ON REACTIVE GLIOSIS AFTER STAB WOUNDS AND
PARTIAL CORTICAL ABLATIONS IN DEVELOPING RATS

KALMAN, M,, DEL CAMPO. P,, SOMERNES, J.H. and AJITAL, B.M.

Department of Anatomy, Histology and Embryology,
Semmelweis University of Medicine, H-1450, Budapest, Hungary

Reactive gliosis follows the different kinds of lesions in the mature central nervous system and
is generally considered to be one of the most likely inhibitors of axonal regeneration. The
immature central nervous system, however, shows no reactive gliosis and has fair capabilities
of wound repair and axonal regrowth. The precise time course of development of glial
reactivity during ontogeny, however, has not been sufficiently explored. The only systematic
study by Berry et al. (Acta Neurochir. Scand. Suppl. 32:31, 1983) known to us was still not
based on the immunohistochemical detection of glial fibrillary acidic protein (GFAP), which is
a good marker of astroglia, especially of the reactive type. The present study investigates two
model systems in developing (postnatal day -PD- | to 14) rats. In the first model we can
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compare the effects of stab wounds and partial cortical ablations. The question is, whether a
large and persisting tissue defect can provoke reactive gliosis at that age when a small stab
wound can still be repaired without residua. In the second model stab wounds were placed in the
rostral and caudal parts of the cortex. The question is, whether the rostrocaudal trend of the
corpus callosum formation determines a similar spatial trend in the appearance of glial
reactivity in the developing cortex. The data published in this abstract are preliminary since
the last experiments are still in progress.

Lesioning by the stab wounds was performed by sterile disposable needles, percutaneously.
For partial cortical ablation we opened the scalp in a straight line, the soft skull was incised by
a pair of sterile scissors and folded up, a part of the cortex was removed gently by suction
using a waterjet pump, and then the skull wound was closed by repositioning of the reflected
piece folded up and the skin was sutured. The procedure lasted approx. 5 minutes hence an
ether narcosis was enough. After operation, the pups developed normally. The postoperative
periods lasted for 6 to 10 days and then the animals were perfused by 4% paraformaldehyde,
the brains were embedded into agarose and serial sections were cut on a Vibratome. Floating
sections were incubated with antibody against GFAP and the immunoreaction was developed
according to the avidin-biotinylated horseradish peroxidase method.

In 4-day-old or older animals both the sites of partial ablation and the stab wounds were
surrounded by reactive gliosis within 6 days. In the second model, the glial reactivity was
observed in the full length of the cortex after P4. Our former experiments presented in the
previous meeting showed that in E20 rat fetuses a deep penetrating lesion resulted in
porencephalia but no reactive gliosis; and cortical (but not subcortical) stab wounds can repair
without residua in PO rats. Hence, the further experiments are focused on the period PO to P4.

INVESTIGATIONS OF THE POSITIVE MODULATION OF AMPA RECEPTORS
INVITRO AND IN VIVO

KAPUS, G.,1PATAKI, A.,1KOVACS, E.,IMULLER, GYTand TARNAWA, 1.1

‘Institute for Drug Research, Budapest
department of Electronical Technology, Technical University of Budapest, Budapest,
Hungary

Positive allosteric modulators of the AMPA receptors represent an interesting group of
compounds which might be used as memory enhancing agents. The aim of this study was to
investigate the potentiation of AMPA receptor mediated responses by such drugs in various
preparations.

The potentiation of the AMPA evoked spreading depression in chicken retina by bath
application of the AMPA receptor positive modulator aniracetam (ANI), cyclothiazide
(CYZ), 1-BCP and two new dérivates of 1-BCP were tested in vitro. Dose dependent responses
to ANI (250-1000 pM), CYZ (10-40 pM), and 1-BCP (500-1500 pM) and the lack of the
effects of BDP-12 (GYKI 47195) (50-1500 pM) and GYKI 47203 (50-1000 pM) were
obtained.

1-BCP (500 pM), ANI (500-1000 pM) and CYZ (20-100 pM) had no significant effects on
the slope of population EPSPs and the amplitude of population spikes when evoked synaptic
responses were recorded from the CAL region of slices of rat hippocampus. Monitoring the
area of EPSPs using paired pulse stimulation of the Schaffer collateral-commisural pathways 1-
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BCP (500-1000 pM) and ANI (1000 pM) were found to potentiate synaptic responses and
also BDP-12 (GYKI 47195) (500 pM) and GYKI 47203 (200 pM) caused some increase in the
responses.

Patch clamp whole-cell recordings from acutely isolated rat cerebellar Purkinje cells were
used to study the effects of 1-BCP (500 pM), ANI (500-1000 pM), CYZ (20 pM) and the two
new 1-BCP dérivates (200 pM, respectively) on AMPA-induced inward currents, using an
electronically controlled fast drug application system. The drugs displayed similar effects to
those seen in the retinal spreading depression model.

1-BCP (0.5-20 mg/kg) was tested in flexor reflex studies in cats. This positive modulator
caused a dose-dependent potentiation of the miografic responses to plantar stimulation. At 5
mg/kg, or higher doses seizures were also observed.

We conclude that aniracetam, cyclothiazide and 1-BCP are active in all of the four models
we used. Our results with BDP-12 in hippocampal slices are in agreement with data reported by
Arai et al. (1996). BDP-12 and its congener GYKI 47203 had no significant effects on AMPA
responses in our retinal and patch clamp experiments.

DEFICITS OF SALT APPETITE AFTER MICROELECTROPHORETIC KAINATE
LESIONS IN THE PALLIDUM AND ORBITOFRONTAL CORTEX

KARADI, Z.,' YAMAMOTO, T.,2VARJIU, G.,1YASOSHIMA, Y.,2HERNADI, 1.,3
EGYED, R.1land LENARD, L.13

'Institute of Physiology, Pécs University, Medical School, H-7643 Pécs, Hungary;
department of Behavioral Physiology, Faculty of Human Sciences,
Osaka University, Osaka 565, Japan and
department of Comparative Physiology and Neurobiology, Janus Pannonius University,
H-7601 Pécs, Hungary

The globus pallidus (GP) and the ventral-lateral prefrontal (orbitofrontal) cortex (OBF) are
known to be involved in various aspects of the central regulation of feeding. These
ontogenetically, morphologically and functionally interrelated forebrain regions have also
been implied in central gustatory pathways in the primate. Recent behavioral and
electrophysiological findings suggest that the above structures are important taste
representation areas in the rodent as well. In the present series of experiments, alterations of a
specific, homeostatically determined, feeding-associated gustatory function, the salt (or
sodium) appetite was investigated in kainate lesioned and control CFY rats. Kainate (or its
vehiculum in the sham operations) was administered microelectrophoretically either into the
ventral-medial subdivision of the GP or into the rostrocaudal middle part of the OBF.
Subsequent to preoperative control tests, 12 h and 24 h intake of two concentrations (0.3 M
and 0.5 M) of sodium chloride (NaCl), with or without furosemide pretreatment, was compared
to water consumptions of identical intervals in a two bottle test paradigm. After repeated s.c.
injections of furosemide, only a slight decrease of intake of the milder NaCl was found in both
kinds of lesioned groups compared to controls. However, when preference scores [NaCl intake
/ total fluid intake (H2D+NaCl)] were calculated, remarkably reduced preference, i.e., salt

appetite deficit of the GP or OBF lesioned animals was clearly detectable. The present data,
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along with previous findings and results of our parallel experiments, indicate that neurons of
the GP and OBF are involved in complex, feeding-associated gustatory information
processing.

FUNCTIONAL HETEROGENEITY OF ORBITOFRONTAL NEURONS
IN THE RAT AND RHESUS MONKEY

KARADI, Z.,1VARIU, G.,' HERNADI, 1.,2EGYED, R.1land LENARD, LA2

'Institute of Physiology, Pécs University, Medical School, H-7643 Pécs, Hungary,
department of Comparative Physiology and Neurobiology,
Janus Pannonius University, H-7601 Pécs, Hungary

The orbitofrontal cortex (OBF) in the primate and its homologous area, the ventral-lateral
prefrontal cortex (VIPFC=OBF) in the rodent are well known for their important roles in
several processes of the central regulation of feeding. Although its importance as a secondary
relay in the central taste pathway of the monkey is widely discussed, its gustatory attributes in
the rat are very poorly understood. At the same time, only a few studies aimed so far to
elucidate neurochemical properties of orbitofrontal cells in both species. The present
experiments, therefore, were designed to provide complex characterization of feeding-
associated endogenous and exogenous chemosensory attributes of OBF neurons in the rat and
rhesus monkey. To do so, extracellular single neuron activity was recorded in the OBF of
anesthetized rats and anesthetized or alert rhesus monkeys by means of carbon fiber
multibarreled glass microelectrodes during: 1) microelectrophoretic administration of glucose
and other chemicals as well as during 2.) gustatory stimulations. Specific, feeding-related cells,
both the so-called glucose-sensitive (GS) (whose activity is suppressed by
microelectrophoretically applied glucose) and glucose-receptor (GR) units (whose firing rate is
increased to glucose) have been identified in all kinds of preparations. These very same
neurons were also likely to respond to one or more taste qualities (injected via chronically
implanted intraoral tubing). Gustatory neurons in the rat (less in the monkey) OBF were found
to be narrowly tuned. The majority of (both endo- and exogenously) chemosensory cells
exhibited sensitivity to catecholamines and/or other neurochemicals (glutamate, GABA, Ach,
interleukin I8, etc.) as well. The present studies provided evidence for the existence of
glucose-detecting, at the same time gustatory, cells both in the primate and rodent OBF. Our
results, along with previous data, indicate important associative roles of these neurons in the
central feeding control.
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TASTE REACTIVITY ALTERATIONS AFTER PALLIDAL AND
ORBITOFRONTAL CORTICAL KAINATE MICROLESIONS IN THE RAT

KARADI, Z.,1VARIU, G.,1YAMAMOTO, T.,2 YASOSHIMA, Y.,2HERNADI, I.,3
EGYED, R.land LENARD, L.13

'Institute of Physiology, Pécs University, Medical School, H-7643 Pécs, Hungary;
department of Behavioral Physiology, Faculty of Human Sciences,
Osaka University, Osaka 565, Japan and
department of Comparative Physiology and Neurobiology,

Janus Pannonius University, H-7601 Pécs, Hungary

Our parallel behavioral experiments revealed alterations of taste-associated learning abilities
and sodium appetite of globus pallidus (GP) and ventral-lateral prefrontal (orbitofrontal)
cortex (OBF) lesioned animals. To further characterize their gustatory functions, a generally
accepted technique, the taste reactivity test was performed in CFY male rats, previously
subjected to bilateral microelectrophoretic kainate lesions in either the GP or OBF, and the
results were compared to those obtained in sham operated control animals. Two
concentrations of sucrose, sodium chloride, monosodium-L-glutamate, hydrochloric acid and
quinine hydrochloride were injected via intraorally implanted polyethylene cannula both in the
lesioned and control rats. Gustatory stimulation elicited behavioral changes, i.e., ingestive or
aversive activity patterns were videotaped and 'off-line', frame-by-frame analyzed. Though
OBF lesioned animals were somewhat more likely to be affected by tastants than those with
GP damages, both groups of the kainate treated rats showed poor responsiveness to taste
stimuli. Similar to the controls, there was no significant difference in the incidence of
ingestive or aversive behavioral patterns in these animals. Our present findings, along with
data of previous, behavioral and single unit recording experiments, suggest a major role of GP
and OBF neurons in the central taste information processing. Whether the above alterations
are due to a reduced taste-sensitivity in these lesioned rats remains to be further studied.

DOMAIN-RESTRICTED EXPRESSION OF TWO GAD GENES DURING MOUSE
EMBRYOGENESIS

KATAROVA, Z., SEKERKOVA, G. and SZABO, G.
BRC, Institute of Biochemistry, H-6701-Szeged, P.O. Box 521, Hungary

Glutamic acid decarboxylase (GAD) is the biosynthetic enzyme for GABA the major inhibitory
neurotransmitter in the CNS of vertebrates. In rodents, two forms of GAD have been
characterized (GAD65 and GADG67), products of distinct genes. They show high degree of
evolutionary conservation and share almost identical cellular distribution in adult brain. We
have found, that the two genes are also expressed, at both mRNA and protein levels, during
mouse embryonic development. This suggests GAD and GABA might play a specific
developmental role. To further explore this hypothesis, we sought to examine the pattern of
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expression of GAD67 and GAD65 in mouse midgestation embryos (stages E10.5-E12.5) by in
situ hybridization using radiolabeled and digoxigenin-labeled GAD67 and GAD65 cRNAS as
probes. Our results could be summarized as follows: 1) The hybridization signal in the
embryonic CNS, even at early stages of neuronal differentiation (E10.5) was detected in
domains with sharply defined boundaries; 2) These domains overlap with expression domains
of some homeotic and paired (Pax) genes implicated in the CNS patterning; 3) GAD67 and
GADSG5 transcripts are colocalized almost exclusively in cells of the subvenlricular zone and
rarely to single cells in the ventricular zone; 4) The intensity of hybridization signal increases
with age in some sites, others, however exhibit only transient expression. 5) During stages
E10.5-E12.5 GAD expression in brain structures with a laminar organization, like cortex,
hippocampus, cerebellum was very low or missing. Our results support the idea for a specific
role of GABA in the differentiation of the GABAergic neurons in the mouse CNS.
Furthermore, the commitment to a GABAergic neuronal phenotype probably follows a
specific timecourse in each GAD embryonic expression domain.

SOMATOSTATIN-CONTAINING INTERNEURONS IN THE HIPPOCAMPUS:
CORRELATION OF CONNECTIVITY AND NEUROCHEMICAL PROPERTIES

I. KATONA, L. ACSADY, A. GULACSI and T. F. FREUND

Institute of Experimental Medicine, Hungarian Academy of Sciences,
H-1450 Budapest, P.O. Box 67, Hungary

Somatostatin  (SOM)-containing interneurons form a well-defined subpopulation of
hippocampal interneurons. However, recent results suggest that these cells are heterogenous
with regard to their neurochemical marker content. In the present study we investigated
whether the SOM-immunoreactive cell population overlaps with distinct interneuron types,
immunoreactive for calbindin (CB)- or calretinin (CR). Three different subtypes of SOM-
immunoreactive cells have been identified on the basis of the colocalization data. The first
type was located in str. oriens of the CA3 and CAl subfields of the hippocampus. They
contained CB, and constituted 32% of all SOM-containing neurons (87% of all CB-
immunoreactive cells) in this layer. This type of SOM-immunoreactive neurons presumably
project to the medial septum. Thus, according to the present results, SOM is also present in
the majority of GABAergic neurons involved in the hippocampo-septal feedback. The second
type of SOM-positive cells was located in the hilus and str. lucidum of the CA3 region, and
they colocalized with CR. All spiny (but none of the aspiny) CR-containing cells were positive
for SOM, while they constituted 5% of all SOM-containing neurons. The third type was
negative for both calcium bindig proteins. We showed that, in the CAL region they arborize
within the hippocampus, particularly in str. lacunosum-moleculare. The postsynaptic targets
of SOM-immunoreactive boutons in this layer were mostly GABA-negative, which supports
the hypothesis that these cells participate in feed-back dendritic inhibition of principal cells in
the entorhinal termination zone. We also conclude that the presence or absence of calcium
binding proteins in specific subsets of SOM-containing interneurons is accompanied by
differences in their connectivity features.
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DISTRIBUTED PROCESSING OF SENSORY INFORMATION AND
MODULATION BY FEEDBACK FROM MOTONEURONES IN THE FEEDING
NETWORK OF LYMNAEA STAGNALIS

KEMENES, GY.

Sussex Centre for Neuroscience, School of Biological Sciences, University of Sussex, Falmer,
Brighton, BN1 9QG, United Kingdom

Previous models of the organization of the neuronal circuitry underlying feeding in Lymnaea
assumed that sensory inputs activated the system hierarchically, in the following order:
modulatory  neurones-central pattern generator (CPG) interneurones-motoneurones
(Benjamin and Elliott, 1989). The motoneurones in this model were thought to be passive
followers of the interneurones, their only role being the activation of the feeding muscles.

We investigated the validity of these assumptions in semi-intact preparations where fictive
feeding can be triggered by either sensory stimuli or activation of modulatory interneurones
and multiple electrophysiological recordings can be made from different types of neurones in
the feeding network. We have already shown that, in contrast with the hierarchical model,
chemosensory stimuli can activate the feeding system at various different levels, from
modulatory to CPG interneurones, which, in turn, interact in a distributed rather than a
hierarchical manner (Yeoman et ah, 1995; Staras et ah, 1995). We also performed new
experiments in which we systematically depolarized or hyperpolarized motoneurones in the
feeding system during ongoing fictive feeding in order to study their possible contribution to
the generation of the rhythmic pattern. The investigation of the effect of removal of
motoneurones from the circuitry by hyperpolarization was supplemented by laser
photoinactivation experiments. We now demonstrate that certain types of motoneurones,
which, up to now, have been thought to be passive followers of the CPG interneurones, are
capable of modulating the rhythm generated by the CPG interneurones. This, in addition to
the distributed rather than hierarchical nature of the effect of sensory inputs, makes the
neuronal model of the feeding system much more complex than previously thought. This
complexity may help explain the high level of variability and flexibility found in this system
in both behavioural experiments with intact animals and electrophysiological experiments
with semi-intact preparations.
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ON DIFFERENCES BETWEEN SOMATIC AND DENDRITIC INHIBITION

KEPECS. A. and ERDI. P.

Department of Biophysics KFKI Research Institute for Particle and Nuclear Physics of the
Hungarian Academy of Sciences, H-1525 Budapest, P.O.Box 49, Hungary

We studied the specific effects of synaptic inhibition on the firing patterns of hippocampal
CA3 pyramidal cells. The starting point of our simulations was Traub's bursting model (1991).
Our simulations were done using the GENESIS neural modeling tool. As an experimental
background to our computational study first we sought to reproduce the results of Miles et al.
(1996) who examined the differences between inhibitory cells whose terminals contact
pyramidal cell somata and those that form synapses with pyramidal cell dendrites.

The simulation experiments discovered many quantitative details of the effects of the
location, timing, Kinetics and strength of the IPSPs transferred by GABA-A synapses. The
model reproduced the suppression of (i) the repetitive firing by somatic inhibition, and (ii) the
slow phase of dendritic burst by dendritic inhibition as observed experimentally. Our results
suggest that the differences between the shapes of somatic and dendritic IPSPs - as measured at
the soma - can be explained by cable theory alone. Although there might be large differences
between Kinetics, the most important factor in determining the effectiveness of IPSPs seems
to be (1) maximal conductance, (2) the dynamics and the state of the membrane. Especially
with case of a multi-compartmental phenomena - such as complex bursting - we can expect
dramatically different effects from the same 1PSP arriving at functionally disjoint segments of
the membrane.

Unitary inhibition was not successful in suppressing the burst phenomenon. Repetitive
IPSPs were needed whose timing was critical in the submillisecond range. Somatic inhibition
could not modulate the burst only delay its generation or when timed appropriately suppress it
altogether. The same inhibition arriving at slightly (1 msec) different timing sometimes failed
to suppress the burst.

Dendritic inhibition had a drastically different effect on the bursting event. Although it
could modulate the somatic burst generation, and even change the burst into repetitive firing,
it was hardly able to suppress it altogether. We have also shown an instance of paradoxical
inhibition when due to dendritic IPSPs more spikes appeared at the axon IS than without it.

In addition, based on our simulations we hypothesize that the complex-burst behaves as an
information unit for somatic but not for dendritic inhibition. Basket cells impinging primanly
on perisomatic membrane segments of hippocampal pyramidal cells might deal with somatic
bursts as units. The basic operations they can perform are suppression and delay. In contrast
interneurons impinging on dendritic membrane segments could modulate somatic bursts only in
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graded manner thus looking at spikes as separate units. Thus our simulations suggests that the
question, whether or not bursts are units of neural information (Lisman 1997) cannot be
answered by a simple 'yes-or-no' statement.
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INFORMATION PROCESSING AND REPRESENTATION IN SCHIZOPHRENIA:
A COGNITIVE NEUROPSYCHIATRIC APPROACH

KERI, SZ., SZEKERES, GY., KOVACS, GY., SZENDI, I.. KOVACS, Z,,
JANKA, Z. and GY. BENEDEK

Department of Physiology, Albert Szent-Gyorgyi Medical University, Szeged, Hungary

Cognitive theories of schizophrenia emphasize the disorder of semantic memory when objects
of reality are classified on the basis of their conceptual meaning. Research was designed to
investigate perceptual (presemantic) categorization in schizophrenia: in this case the shared
structural (and not semantic) features of category exemplars are represented. In graded
categories (GCs) it is a summary, averaged prototypal representation, while discreet categories'
(DCs) features determine category-membership in an all-or-none fashion. In the first part of
the experiment, (i) subjects were presented the members of two GCs of geometrical shapes to
induce initial representation. This phase was followed by (ii) the verbal definition of categories
and (iii) feed-back guided learning. In the second part, instances of two DCs were presented to
extract category-relevant cue-feature. Each phase was tested with presenting new exemplars.
We found that (1) in the schizophrenia group the categorization performance for GCs was
below the control group's performance after initial induction, (2) while the effect of verbal
correction was similar. (3) Improvement after feed-back guided learning was lower in
schizophrenia, but (4) DC-performance appeared intact. These results suggest the impairment
of realty-abstraction and representation on a perceptual (presemantic) level, which points to
the dysfunction of modality-specific neocortical areas.
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THE EFFECTS OF PITUITARY ADENYLATE CYCLASE-ACTIVATING
POLYPEPTIDE ON THE ARACHIDONATE CASCADE OF RAT PLATELETS AND
ON ARACHIDONIC ACID-INDUCED PLATELET AGGREGATION

KIS, B., MEZEI, ZS., PATARICZA, J..* GECSE, A.* TELEGDY, GY. and PAPP, GY.*

Department of Pathophysiology and
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Pituitary adenylate cyclase-activating polypeptide (PACAP) has recently been shown to
increase the CAMP level in platelets. An elevated cAMP level is known to inhibit platelet
activation. This suggests that PACAP may inhibit the functions of platelets. The arachidonate
cascade is one of the most important inter- and intracellular messenger system involved in the
regulation of platelet activation. It has been reported that cAMP inhibits the activation of
platelet phospholipases, which raises the possibility of a decreased release of arachidonic acid.
In order to test the latter hypothesis, the effects of PACAP were studied on platelet
aggregation and on the arachidonate cascade of platelets. During the examination of the
arachidonate cascade, the washed platelets were labelled with MC-arachidonic acid, and the 14C-
eicosanoids were then separated by means of overpressure thin-layer chromatography and the
radioactivity was determined in a Packard Tri-Carb 2100TR liquid scintillation analyzer.
Platelet aggregation was monitored in a modified Born aggregometer. Changes in light
transmission of washed platelet suspensions were continuously recorded at 620 nm. PACAP
inhibited the arachidonic acid-induced platelet aggregation, without modifying the activity of
phospholipases, and decreased the syntheses of TxA2and PGF2a in platelets. It is concluded
that, besides elevating the intracellular cAMP level, PACAP may inhibit platelet functions by
attenuating the synthesis of TxA2

CHANGES IN NEURONAL ACTIVITY OF TRIGEMINAL BRAINSTEM NUCLEI
FOLLOWING INFRAORBITAL NERVE TRANSECTION AND REGENERATION
IN ADULT RAT

KIS, ZS., KORODY1, K,, KIS, E,, SIMON, L.ZS., FARKAS, T. and TOLDI, J.

Department of Comparative Physiology, Jozsef Attila University of Szeged,
H-6726 Szeged, Hungary

Although there have been many advances in the medical treatment of nerve injuries, patiens
still complain of unpleasant sensations and faulty sensory localization after suffering
peripheral nerve transection.

The rat trigeminal system has become an important model for the study of these kinds of
phenomena. The course of vibrissal sensory receptor denervation and its subsequent
reinnervation was studied following transection of the rat infraorbital nerve. The right
infraorbital nerve was exposed, transected and the stumps readjusted carefully.

Possible peripheral injury-induced changes in electrophysiological properties of neurons
(response latency, receptive field) in the trigeminal nucleus principalis and subnucleus
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interpolaris were evaluated. The neuronal activity in the brainstem trigeminal nuclei evoked
by vibrissa stimulation reappeared between 18 and 25 days after surgery. Response latency in
most of the recorded neurons was significantly longer in the operated animals than in controls.
In most cases, vibrissae from rats subjected to transection exhibited enlarged receptive fields
which may be considered as an evidence of misdirected axons and abnormally reinnervated
receptors throughout the course of regeneration.

This work was supported by OTKA (T 16752) and MKM K-l F (342/96) grants.

PARTICIPATION OF GLUTAMATE/ASPARTATE-CONTAING FIBRES,
ORIGNATING IN SUPRAMAMMILLARY NEURONS, IN THE EXCITATORY
INNERVATION OF SEPTAL AND HIPPOCAMPAL AREAS OF THE RAT BRAIN.
A COMBINATION OF [3H]D-ASPARTATE AUTORADIOGRAPHY AND
IMMUNOCYTOCHEMISTRY

KISS, J.,1CSAKI, A.,1SHANABROUGH, M.2and LERANTH, CS.2

'Department of Human Morphology and Developmental Biology, Semmelweis Medical
University, Neuroendocrine Research Group, Budapest, Hungary, and
"Department of Obstetrics and Gynecology, Yale University, New Haven, CT, USA

Recent studies have demonstrated that, in the lateral septum, in addition to the
hippocamposeptal excitatory amino acid-containing axon terminals, a large number of other
boutons establish asymmetric synaptic contacts. Also results from studies on the area- and
layer-selective termination pattern of supramammillary (SUM) afferents in the rat
hippocampus, have shown that SUM neurons projecting to the hippocampus contain
calretinin (CR).

We suggest that SUM CR-containing neurons projecting either to the septal or the
hippocampal complex contain the excitatory transmitter aspartate/glutamate. Furthermore,
we theorize that these SUM neurons innervate septal cells, including septohippocampal
projection neurons and that the excitatory fibers arising from the SUM CR-containing cells
supply the innervation of the dentate gyrus and the CA2-CA3a subfields in the hippocampus.

Two days before killing, [3H]-D-Aspartate (DA) was injected unilaterally into different
areas of 1) the lateral and medial (MSDB) septum, or 2) the hippocampus. After transcardial
perfusion, vibratome sections (50 pm) from the SUM area were immunostained for CR, dipped
in a nuclear emulsion and stored in the dark for 4-8 weeks. The sections were developed in
D19 and coverslipped for light microscopic observation.

In order to examine the relationship between cholinergic (MSDB) or calbindin (CB)
containing (lateral septum) neurons and CR-immunoreactive axon terminals, correlated light
and electron microscopic double immunostaining experiments were performed.

In the case of septal injections of the radiolabeled D-aspartate, a large number of
autoradiographically (AR), [3H]-DA labeled neurons could be observed in the SUM area, and
ipsilateral hippocampus. All of the AR-labeled hippocampal cells appeared to be pyramidal
neurons. Three major types of neurons could be demonstrated in the SUM: 1) neurons
containing only CR, 2) a few cells which were only AR-lalebed with [3]-DA, and 3) double
labeled neurons containing both aspartate/glutamate and CR. In the oro-caudal direction, the
double labeled neurons were homogeneously distributed in the lateral part of the SUM area.

Results of a unilateral septal undercut demonstrated that only the extrinsic CR-axons
oliginating in the SUM are aspartate/glutamatergic. These fibers which show asymmetric
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synaptic contacts at the EM level, terminate on both CB and cholinergic neurons in the
septum. After large injection of [3H]-DA into the temporal hippocampus, radiolabeled CR-
neurons were found to be in the lateral part of the SUM area, near the cross-section of the
mammillothalamic tract (mt). At this type of the injection, the AR-labeled CR-positive cells
were present mainly in the anterior part of the SUM region and localized on the area ventro-
lateral to the mt. In conclusion, the recent study demonstrated intrinsic and extrinsic CR
systems in the septal complex. The latter is an aspartate/glutamatergic system, which
originates in the SUM and forms asymmetric synapses with CB neurons in the lateral septum
and cholinergic cells in the MS. The connections of the latter may be essential in hippocampal
type 2 theta rhythm generation.

Both the morphological and electrophysiological data are controversial with regard to the
excitatory or inhibitory nature of the SUM-hippocampal neuronal connection. The
morphological data that are available on the transmitter content of the hippocampal afferents
that originate in the SUM nuclei are not sufficient to attribute either on inhibitory or
excitatory function to this pathway. The present observations unequivocally provide evidence
for the presence of an excitatory transmitter in a population of the supramammillo-
hippocampal projection neurons.

Supported by the Hungarian Scientific Res. Found (OTKA No. T6372 to KJ, and National
Institute of Health Grants Nos 26068, 23830 to LC).

SUBSTANCE P INNERVATION OF CHOLINERGIC AND GABAergic NEURONS
OF THE RAT AND MONKEY MEDIAL SEPTAL AREA.
A COMPARATIVE IMMUNOHISTOCHEMICAL ANALYSIS

KISS, J.1and LERANTH, CS.2

'Department of Human Morphology and Developmental Biology, Semmelweis Medical
University, Neuroendocrine Research Group, Budapest, Hungary
department of Obstetrics and Gynecology, Yale University, New Haven, CT, USA

Lateral septal subregions receive a very rich peptidergic innervation including substance P
(SP)-containing fibers, which form pericellular baskets around calbindin (CB)-containing
neurons (Szeidemann et al., 1995). Recent studies have demonstrated that SP receptor mRNA
is also localized in choline acetyltransferase (ChAT) mRNA-containing neurons in the medial
septum and basal forebrain cell groups of the rat, in which the SP receptor appears to be
expressed selectively by cholinergic neurons (Gerfen, 1991). In an earlier investigation, SP was
reported to excite neurons within the medial septum-diagonal band (MSDB) complex of the
rat (Miller, 1981). However, no data is available so far on the SP innervation of medial septal
neurons either in the rat or the monkey. This prompted us to examine the SP innervation of
neurons localized in the rat MSDB complex in comparison to that of monkeys.

To examine the relationship between SP-iminunoreactive fibers and neurochemically
identified neurons in the MSDB complex of the rat and monkey, animals were perfused with
either a) 1% acrolein containing 3% paraformaldehyde in 0.1 M phosphate buffer (PB), or b)
0.1% glutaraldehyde containing 4% paraformaldehyde in PB. Fifty (50) pm vibratome
sections were cut from the septum. The neuronal organization ofthe MSDB was first
investigated in the African green monkey (Cercopithecus aethiops) using single
immunostaining for ChAT, parvalbumin (PA) and CB. Light microscopic double
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immunostaining for SP and neurochemically identified MSDB target cells was done for both
species using the avidin-biotin-peroxidase (ABC) and the peroxidase-antiperoxidase (PAP)
methods. For analyzing the synaptic membrane specializations between the axon terminals
and identified target elements, correlated light and electron microscopic analyses were
performed on rat and monkey sections.

The most significant difference that we found in the neuronal organization between the rat
and monkey MSDB complex was that no PA immunostained neurons were seen in the midline
area of the monkey medial septum. Instead, a large number of CB-positive cells were
distributed in this region. It is well known that the rat MSDB complex contains the majority
of the septohippocampal projection neurons including the medially-located PA-containing
GABAergic and the laterally distributed cholinergic cells (Kiss, J. et al., 1990). PA-
immunoreactive neurons in the monkey septum were found only in the intermedio-lateral
septal area (iLS), near the border between the medial and lateral septal regions. These large,
multipolar, PA-positive cells were never seen in the iLS area of the rat septum. The
examination of septal sections double-stained for SP and ChAT7 PA or CB revealed that only
ChAT-immunopositive neurons in the rat MSDB complex and both the ChAT and CB-
immunoreactive neurons in the monkey medial septum were among the targets of the SP-
containing axon terminals. The correlated light and electron microscopic experiments showed
that all of the SP-positive axon terminals formed asymmetric synapses with somata and
dendritic shafts on ChAT-positive cells both in the rat and the monkey.

In conclusion, our results demonstrate a significant difference in the neuronal organization
of the septohippocampal projection system between the African green monkey and the rat. In
general, the region of the rat septum that encompasses PA-containing GABAergic
septohippocampal projection neurons showed no SP contacts on PA-positive cells. In
contrast, neurons in the medial area of the monkey medial septum which lack PA-
immunoreactivity but contain calbindin D28k protein are extensively innervated by SP-
containing fibers. Further studies are required to understand the functional significance of these
findings.

Sugported by the Hungarian Scientific Research Found (OTKA) No. T6372 to K J. and
National Institute of Health Grants Nos 26068; 23830 to L.C.
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THE ARBORIZATION OF AFFERENT TERMINALS IN THE MEDIAL
GENICULATE BODY

KISS. A., FOLDI, SZ., TSIAMOULOQS, Y. and MAJOROSSY, K.

Department of Anatomy, Semmelweis University Medical School,
11-1450 Budapest, Hungary

The medial geniculate body is the last subcortical relay center of the auditory pathway where
specific afferents of various order from the central nucleus of inferior colliculus articulate with
the soma and dendrites of geniculocortical relay cells and local interneurons. Protrusions
located in the brush-like dendritic branching points of geniculocortical relay cells are
surrounded by and postsynaptic to dendritic, axonal and presynaptic dendritic profiles forming
from the point of view of synaptic transmission, important complex synaptic glomeruli. From
observations with Golgi impregnation and axon degeneration techniques, based mostly on
indirect evidence, these profiles were considered to be of cortical origin, initial axon collaterals
and processes of local neurons.

The aim of the present study was to identify the axonal and dendritic components by
directly detecting their parent and target cells as well as to understand on the basis of the
synaptic type, their role in impulse transmission.

In the experiments microinjections of Phaseolus vulgaris-leucoagglutinin, Biotinilated
Dextran Amine and Horseradish Peroxidase were administered with iontophoresis or pressure
injections with Hamilton syring into the primary auditory cortex and the central nucleus of
inferior colliculus in rat and cat. Following the optimum survival time samples were taken
from the ventrolateral division of medial geniculate body, processed according to
immunocytochemical procedures and the sections were examined under light and electron
microscope. Four surgical approaches were applied.

In the first group Horseradish Peroxidase injected into the primary auditory cortex was
retrogradely transported to the fusiform relay cells arranged in onion skin-like parallel layers
in the ventrolateral division of the medial geniculate body. The accumulation of label enabled
us to tell the projection cells and the unlabelled short axonal local interneurons apart.

In the second group fibers originating from the primary auditory cortex were anterogradely
labelled with Phaseolus or Dextran Amine and observed running in parallel with the cell layers
of medial geniculate body and breaking up into multiple terminals at the end of short side
branches. Observed with the electron microscope in serial sections the labelled terminals
established synaptic contacts with proximal dendrites and protrusions of relay cells, as well as
with dendrites, dendritic spines and presynaptic dendrites of the local interneurons. A single
terminal containing round vesicles and asymmetric membrane specialization frequently
articulated with dendrites of two different types of neurons.

In the third group Phaseolus or Dextran Amine injected into the central nucleus of inferior
colliculus anterogradely labelled the terminals of specific afferents grouped into grape-like
clusters. The labelled terminals were found presynaptic in the synapses with the perikarya and
dendrites of relay cells and interneurons. Some terminals established contact with dendrites of
two different types and exhibited presynaptically round vesicles with pronounced postsynaptic
membrane specialization.

In the fourth group, as a combined experiment, the anterogradely labelled
colliculogeniculate axon terminals were found to engage in synapses with the proximal



170

dendrites and perikarya of geniculocortical relay cells containing retrograde marker. The
labelled terminals were articulating also with presynaptic dendrites, and were involved in
synaptic triads. The unlabelled profiles containing round vesicles were considered as initial
axon collaterals of relay cells, ovoid vesicles were found in the axons and pleomorphic vesicles
in the presynaptic dendrites of interneurons.

The specific afferents, in addition to conveying biological important information,
contribute to surround inhibition via interneurons and to recruitment via the initial axon
collaterals. On the other hand the cortical fibers, by direct and indirect feedback mechanisms,
may modify in both directions the synaptic transmission at the level of the medial geniculate
body.

L-NAME INDUCED REDUCTION OF CEREBRAL BLOOD VOLUME CAN BE
RESTORED BY OPIATE RECEPTOR BLOCKADE WITH NALTREXONE

KOMJATI, K,, BENCZE, J,, VELKEI, M.H. and SANDOR, P.

Experimental Research Department, 2nd Institute of Physiology,
Semmelweis University of Medicine, H-1082 Budapest, Hungary

Involvement of L-arginine-nitric oxide system and the endogenous opioid peptide system in
the regulation of regional (hemispheric) blood volume (CBV) and local hypothalamic blood
flow (HBF) was investigated in Urethane anesthetized, ventilated, normoxic, normocapnie,
male Sprague-Dowley rats (n=8). CBV and HBF was measured simultaneously, CBV by
Tomita's photoelectric method in our modification (Sandor et al., Life Sei. 1986) and HBF by
Aukland's H2-gas clearance method. Selective blockade of the NO-synthase enzyme by 30
mg/l<g i.v. administered L-NAME (Nco-nitro-L-arginine methyl ester) resulted in a significant
reduction of both hemispheric CBV (from 5.2510.72 vol % to 4.13+0.51 vol %, p<0.01) and
local HBF from (0.8910.09 ml/g/min to 0.6010.07 ml/g/min, p<0.05) while systemic arterial
pressure (MAP) increased and heart rate (HR) decreased significantly. General opiate receptor
blockade by 2 mg/kg i.v. administered Naltrexone caused no change in HBF. MAP and HR
values of the NOS-blocked animals. CBV, however, returned to it's steady state control value
(5.410.72 vol %) at the same time.

These findings suggest 1) major role of L-arginine-nitric oxide system in the regulation of
both hemispheric CBV and local HBF of the rat, and 2) a possible involvement of opioid
peptides and/or opiate receptors in the NOSblockade induced reduction of the cerebral blood
volume.

Supported by OTKA-3/8-T-017790 and FO 13241 Grants.



SIGNIFICANCE OF CELL-CELL INTERACTIONS FOR CYTOTOXIC EFFECTS
OF EXCITATORY AMINO ACIDS

KONCZ, S.
Institute for Drug Research, Ltd., H-1045 Budapest, Berlini Gt 47-49, Hungary

The aim of this study was to establish a rat primer cortical neuronal system to screen the
effects of compounds having glutamate-antagonistic effects within seven days after seeding
the cells out to the sterile plates.

The most common ways using primer neuronal cell cultures were unusable for that purpose.
The systematic changes in the methods written in reference articles have resulted a successful
screening system.

The cortical cells from 1-2 days old SPRD rat pups were separated by gently trituration and
seeded out to sterile, untreated 96-well plates. The cultures were ready to screen the excitatory
amino acid antagonists from the fourth day. The use of insuline-selenite-transferrin media
supplement during the 24-hour incubation period with 1 mM kainate, and the leaving off of
the cytozine-arabinozide treating of the cells have resulted a higher sensitivity of the system.
The rate of viable cells have been established by measuring the amount of Ilactic-
dehydrogenase enzyme (LDH) in the cultures supernatants and in the living cells sticked down
to the wells bottom. Above the leaving off of the trypsinization of the cortical cells, the
leaving off of the poly-L-lysine coat from the 96-well plates was the most important for the
cells to answer the glutamate-agonists properly. After these modifications our rat primary
cortical cultures were able to detect the effectiveness of kainate specific antagonist GYKI-
52466. The microscopical studies on cultures revealed the importance of developing the cell-
cell contacts during the pre-test incubation period for the most effectiveness of gutamate-
agonists.

TRANSCRIPTIONAL REGULATION OF THE MOUSE GENE ENCODING
THE 67-KD FORM OF GLUTAMIC ACID DECARBOXYLASE

KORTVELY, E,, URBAN, ZS., KATAROVA, Z. and SZABO, G.
Department of Biochemistry, Biological Research Center, Szeged, Hungary

Gamma-aminobutyric acid (GABA) is the principal inhibitory neurotransmitter in the
vertebrate nervous system. The rate-limiting step in GABA biosynthesis, the decarboxylation
of L-glutamic acid, is catalyzed by the enzyme glutamic acid decarboxylase (GAD). In
mammals, the adult brain contains at least two forms of GAD encoded by two distinct genes.
The molecular masses of the two isoforms are 65-kD and 67-kD, respectively (GAD65 and
GADG7). In producing GABA, the two glutamic acid decarboxylases appear to be regulated by
different mechanisms. GADG65 is regulated mainly at the level of enzyme activity through the
interaction with its co-factor, while GAD67 is primarily controlled through gene transcription.
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We have previously identified the exon-intron structure of mouse GADG67 gene and the
transcription start sites. The transcription can initiate at three different promoters (PI, P2,
P3). Hence the translation start codon is found in the second exon, the protein coded by the
three different mMRNAs is the same. The vast majority of the transcripts initiates from the
proximal promoter (P1). This promoter lacks the common promoter elements e.g. TATA
and CAAT boxes, but possesses three binding sites (GC-boxes) for the general transcription
factor Spl. However, both distal promoters (P2 and P3) contain TATA and CAAT-like boxes.
The promoter region of GADG67 gene is located within a large (~4kb) CpG island. In order to
examine the properties of the island, we sequenced a 7kb fragment containing the 5'-region of
the gene, the first two exon, the first intron, and a part of the second intron. The CpG island
spans the first two exons, the first intron and ends in the second intron. The Pl promoter is
contained within the CpG island, while the other two (P2 and P3) are found in a region of
lower CpG content. All things considered, Pl promoter resembles that of constitively
expressed housekeeping genes, while P2 and P3 share characteristics of tissue specific
promoters. Based on sequence homology, several putative regulatory DNA elements have been
identified at the 5'-region of GADG67 gene. It is tempting to speculate that the NF-KB
consensus located 500 bp upstream from the multiple promoter region, several AP2
transcription factor binding sites, two sequence motifs resemble the canonical binding site for
the egr/krox transcription factors, as well as the neuron-specific silencer element (NRSE) in
the the Pl promoter region might play an important role in the tissue specific regulation of
GADG67 gene.

EFFECTS OF 192-1gG-SAPORIN ON CHOLINERGIC AND GALANINERGIC
NEURONS IN THE BRAIN OF RAT

KOVACS, I., FARKAS, Z,, KASA, P.JR.,1GEULA. C2and KASA P.SR.

Alzheimer's Disease Research Laboratory and
mDepartment of Pharmaceutical Technology,
Albert Szent-Gydrgyi Medical University, H-6720 Szeged, Hungary, and
A ab. Neurodeg. Aging Res., Harvard Medical School, Boston, U.S.A.

Degeneration of cholinergic neurons in the different parts of the human brain is a prominent
neuropathological feature of Alzheimer's disease (AD). The galanin-containing peptide fiber
system which innervates acetylcholine-containing basal forebrain neurons has been shown to
hypertrophy and hyperinnervate the remaining cholinergic perikarya in AD (1). In the
present study we examined, whether a similar hypertrophy and/or hyperinnervation occurs
within those areas in the rat brain where cholinergic neurons are present the medial septum
(MS), the vertical limb of the diagonal band nucleus (VLDBN), the horizontal limb of the
diagonal band nucleus (HLDBN), and the nucleus basalis magnocellularis Meynert (hbM)].

For selective destruction of the cholinergic neurons, an immunotoxin was used (2), where a
monoclonal antibody (192-1gG) to the rat nerve growth factor (NGF) receptor (p75NGFr) was
armed with the ribosome inactivating protein, saporin. Wiley et al. (2) discovered that 192-
1gG-saporin is highly toxic to neurons expressing p75NGFr.

Injections of cholinotoxin (4.0 pg/5 pi) (Chemicon) were administered into the left lateral
ventricle and after different time intervals (3, 4, 6, 8 and 12 weeks) the animals were
sacrificed. Sham-operated animals received 5 pi of sodium phosphate buffer (pH 7.4).
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The brains of the animals were fixed, sectioned and the distribution and structural
localization of galanin was demonstrated by immunocytochemical means. The cholinergic
neurons were stained immunohistochemically, using polyclonal antibody against choline
acetyltransferase. The cholinoceptive structures (i.e. acetylcholinesterase-positive structures)
were demonstrated histochemically. The hypertrophy of galanin-positive structures was
studied in a Nikon FXA light microscope, while the hypertrophy of peptidergic structures was
demonstrated with a Leica Laborlux 'S' microscope equipped with a computer-assisted image
analyser (Quantimet 500).

The results show that after 4 weeks and subsequently the 192-lgG-saporin treatment
reduced the numbers of cholinergic neurons in the MS, HLDBN and nbM, and in parallel the
galanin-positive nerve fibers hypertrophized in the lateral part of the septum, in the dorsal
parts of the hippocampus and in the NbM. The remaining neuronal perikarya in the VLDBN,
HLDBN and nbM were not hyperinnervated by galaninergic fibers. Changes in galanin staining
were not detected in the different areas of the cortex.

It is suggested that, after selective degeneration of cholinergic neurons and axons, in some
areas of the brain the galanin-positive fibers may hypertrophy but the reduction in the
cholinergic structures is not necessarily followed by an increase in the peptidergic fibers.

The results support the suggestion that 192-lgG-saporin is a powerful tool for study of the
galaninergic neuronal plasiticity in the central nervous system.

This work was supported by ETT (Grant No. T-04602/93) and MKM (Grant Nos 36 and
279).
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EXPRESSION OF MOLECULES MEDIATING THE EFFECT OF GLUTAMATE IN
CEREBRAL ENDOTHELIAL CELLS

KR1ZBAI, 1., DELI, M.A., ANDRAS, I., SIKLOS, L., PESTENACZ, A., SZABO. A.C. and JOO, F.
Institute of Biophysics, Biological Research Center, H-6701 Szeged, Hungary

Glutamic acid has been shown to be involved in a large number of neuronal processes and is
believed to be an important factor in the pathogenesis of many CNS disorders like cerebral
hypoxia, neurodegenerative disease and epilepsy. Two classes of molecules play a pivotal role
in the regulation of glutamate effect: glutamate receptors and glutamate transporters. Beside
neurons and glia, glutamate receptors and transporters may occur on cerebral endothelial cells
(CECs) as well. The aim of our study was i) to determine which glutamate receptors are
expressed in CECs and to find intracellular processes which can be initiated by the activation
of these receptors; ii) to check for the possible expression of glutamate transporters in CECs.
By using RT-PCR we have shown that CECs express NMDA receptors (NR1 subunit which
is necessary for the formation of functional NMDA receptors - and NR2A-C subunits), AMPA
receptors (GLUR1-4 subunits) and metabotropic receptors (mMGLUR). NMDA receptor subunit
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NR2D and the kainate receptor GLUR6 could not be detected in CECs. Exposure of the
cultures to 2 mM glutamate, a well-established mediator of ischemic damage, for 30 min
increased significantly the phosphorylation of CAM-PK 1l even after 10 and 60 min recovery
time. This effect could be prevented by the NMDA blocker MK-801. Moreover, exposure to
glutamate induced a raise in the intracellular Ca+ level as revealed by electron microscopy
using the oxalate-pyroantimonate method.

We have investigated the expression of mRNAs for glutamate transporter (GLT1) and
glutamate/aspartate transporter (GLAST) in primary cultures of rat CECs and we could show
that both transporter types are present in these cells.

Since it has been shown that glutamate is able to open the BBB, our results suggest that
endothelial glutamate receptors (especially NMDA receptors) may be directly involved in the
reactions of CECs in ischemic brain oedema and the CECs may play an active role in the
protection of the CNS from the icreased extracellular glutamate levels.

Supported by OTKA (T 14645, F013104) and MAKA (JFNo 392).

NEURAL NET ARCHITECTURES AND RELATED PERFORMANCES

LABOS, E.‘and BAZSO, F.2

'MTA-SOTE EKSZ, Neurobiology Research Group. H-1450 Budapest, Hungary

Biophysics Department, KFKI Research Institute for Particle and Nuclear Physics of
the Hungarian Academy of Sciences, H-1525 Budapest, P.O. Box 49, Hungary

(1) What is architecture ? - The concept of ‘architecture' is distinguished from the traditional
term of *structureRIt encloses organizational principles in space which have specific functional
relevance. Background structural conditions belong into the frame of ’structure’. As a
functional term it refers to temporal organization.

(2) Organizational principles viewed as architectural features (AF) of a neural network
wiring. —[1] Density of wiring - It is limited by volume constraint. Probably influences
complexity of dynamics. Real CNS-s have very sparse wiring. —[2] Clusters, assemblies,
modules, centres, glomeruli - With or without intrinsic sub-organization. Hypernet and
hypergraph concepts are required and helpful. - [3] Layers - It is a general AF in all animal
phyla. Layers are also important in subroutines of composite (artificial) neural computations.
Reduction of total number of units in efficient layer systems is an unsolved problem. - [4]
Crossing wires - Crossbar connections assure complete connection of neurones but with
disadvantages. - [5] Asymmetry in graph theoretical sense. - Among generic (random) graph
properties the asymmetry is only one. It suggests neuronal individuality and argues for
fragmentary representation properties of neurons. - [6] Merged convergent or divergent

projections, reshuffling, delays in forward coupling. - May support finer resolutions of
overlapping (in space or time) receptive field events and may also implement (logical) auto-
or cross-correlations. - [7] Independent regions, autonomous centres. Controlled

multicentralized organization, called starry wiring. Both independence and co-operation are
possible with sparse wiring. —[8] Strong connectedness - It is also a generic graph property
and supposed to be present in various CNSs. It means e.g. the mutual functional accessibility of
neurons.

Architectural features can be regarded either (1) from point of view of their generation
mechanisms and (2) of their occasional functional importance instead of neutrality or even
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harmfulness. If an AF is recognized, these aspects merit examination. (3) In evolution generic
AF emerge automatically. Other designs need control.
Acknowledgement - The work was supported by OTKA (T013014) and JSPS.

EFFECT OF THAPSIGARGIN ON THE KAINATE- AND NMDA-INDUCED
Ca2+SIGNALS IN CHICKEN TELENCEPHALIC NEURONS

LENDVAI, B., MIKE, A. and VIZI, E.S.

Department of Institute of Experimental Medicine, Hungarian Academy of Sciences,
H-1450, Budapest, P.O. Box 67, Hungary

Recent findings indicate that a large proportion of the neurotoxic Caz+ during NMDA receptor
activation originates from an intracellular Ca2+ pool. In addition, activation of both ACh,
NMDA and Glu receptors mobilized Ca2+ from a thapsigargin-sensitive pool in cerebellar
granule cells. We have found in patch clamp experiments that elevation of [Ca2H, plays
crucial role in the kainate-induced depression of potassium conductances in chicken
telencephalic neurons. The aim of this study was to investigate the role of the cytoplasmic
Ca2tpools in the [Ca24]i elevation by EAA agonists.

The [Ca24j was monitored in a single cell or in more chosen cells using calcium sensitive
dye fura-2 with an intensified charge coupled device (ICCD) camera (Photon Technology
International (PTI), USA). Pressure application of KA and NMDA from micropipettes placed
at the neighborhood of a few chosen cells elicited elevation of [Ca24, in chicken neurons.
After KA-induced Ca2+increase, the medium over the culture was exchanged in the microscope
stage to Cd2+ (100 pM) containing solution. The effect of kainate seen in the normal medium
was decreased in the presence of Cd2t Since Cd2+ could prevent the effect of KA we can
conclude that the Ca2+entry (at least a large part of it) via VDCCs contributed to the effect of
KA to induce [Ca24i elevation in this cell culture. The above observation was confirmed when
KA was applied in Ca2~free medium. In the absence of extracellular Ca2+ response to KA was
not observed indicating that KA needs Ca2+entry from the extracellular space.

We investigated the possible involvement of intracellular Ca2+stores in the effect of KA
and NMDA on the [Ca24; responses in chicken neurons. We found that in the presence of
thapsigargin the KA- and NMDA-induced [Ca2]i elevation was decreased after 15 min
incubation in chicken telencephalic neurons. However, in our experiments there were also cells
not responding to thapsigargin treatment. Thus, more experiments are needed to prove the
unique nature of the observed phenomenon since the chicken telencephalic cell culture is very
heterogeneous in cell types so it is likely that the above characteristics of KA- and NMDA-
induced [Ca24j elevation is restricted to just a few cell types.
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ORGANIZATION OF HIPPOCAMPAL OUTPUT TO THE ENTORHINAL
AND PERIRHINAL CORTICES IN THE RAT

LEONARD, B.W., DOLORFO, C.L. and FREUND, T.F.

Institute of Experimental Medicine, Hungarian Academy of Sciences, H-1450 Budapest,
Hungary

A central idea in several theories of hippocampal function is that the hippocampus plays a
temporally limited role in long-term memory formation (e.g. Squire, Cohen and Nadel, 1984;
Squire and Zola-Morgan, 1991; Cohen and Eichenbaum, 1993; McClelland, McNaughton and
O'Reilly, 1995; Buzsaki, 1996). This role is envisaged to involve a process, sometimes called
memory consolidation, by which initially fragile memories become robust and persistent,
leading gradually to '‘permanent’ instantiation in neocortical sites. Little is known about the
mechanism(s) of memory consolidation. However, one anatomical implication is that
hippocampal output must have access to the neocortex, either directly or through some
indirect route. While it has been known for some time that the CAl field of the hippocampus
of both rodents and primates originates direct projections to the temporal cortices around the
rhinal sulcus (e.g, Swanson and Cowan, 1977; Rosene and van Hoesen, 1977), the
topographical and laminar organization of this projection have not been systematically studied
to date, and some apparent discrepancies exist in the literature.

In the present study we used sensitive anterograde tracing and ‘unfolded’ maps of the
distribution of CAL terminal fibers to determine the organization of hippocampal output to
the perirhinal and entorhinal cortices in the rat, with the aim of clarifying one part of
hippocampal-neocortical circuitry that may mediate memory consolidation.

Under equithesin anesthesia, iontophoretic injections of Phaseolus vulgaris leucoagglutinin
or biotinylated dextran amine were made at various septotemporal locations along the
longitudinal axis in either distal (toward the subiculum) or proximal (toward CA2) portions of
CAl in male rats (n=12). To date most of the injections are focused in septal and mid-
septotemporal levels. Following a survival period of 6-8 days, animals were deeply
anesthetized and transcardially perfused with 0.9% saline followed by a solution containing 4%
paraformaldehyde, 0.05-1% glutaraldehyde, 15% picric acid in 0.1 M PB (pH 7.3). The brains
were then serially sectioned (60 pm) in the coronal plane on a vibratome, washed extensively
with PB, cryoprotected overnight at 8-10°C, and finally freeze-thawed with liquid nitrogen.
Injection sites and labeled fibers were visualized using standard immunocytochemical
techniques in coronal sections (Freund, 1993). Adjacent series of sections were stained for
Nissl, parvalbumin, or calretinin to aid in the identification of entorhinal and perirhinal
boundaries. The nomenclatures of Insausti, Herrero, and Witter (in press) and Burwell, Witter
and Amaral (1995) were used to define the entorhinal and perirhinal cortices, respectively. To
appreciate the areal and laminar distribution of CAL projections, the density of labeled fibers in
superficial layers (I-111) and deep cortical layers (\VV-VI) were plotted onto separate unfolded
cortical maps following a modification (Suzuki and Amaral, 1996) of the method described by
Van Essen and Maunsell (1980).

The regional and laminar pattern of CAL projections was related to both the septotemporal
and proximodistal axes of CAL At mid septotemporal locations, injections in distal CAl
resulted in terminal fibers in layer VI of caudal portions of perirhinal cortex (areas 35 and
postrhinal) and layers V, Ill, Il, and | of caudolateral portions of entorhinal cortex (areas
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DLE, DIE, and lateral parts of CE). In the entorhinal cortex, after such injections, Fibers were
observed to enter layers IlI-1 only in the caudal part of the projection, whereas a relatively
denser plexus was present in layer V throughout the entorhinal terminal field. At septal
locations, injections in proximal CAL resulted in terminal fibers only in layers V and Il of
caudomedial areas of entorhinal cortex (area CE); after such injections no terminal fibers were
observed in any region of perirhinal cortex. One injection in distal CAl at a temporal location,
resulted in terminal fibers in layers V, IlI, 1I, and | of mid-rostrocaudal to caudal portions of
ventral entorhinal cortex (areas DIE, VIE, and ME); no terminal fibers were observed in any
region of perirhinal cortex after this temporal injection. In summary all regions of CALl that
were studied projected to the entorhinal cortex, while only the distal portions of
approximately the septal one-half of CAL projected to the perirhinal cortex. In general CAL
projections to entorhinal cortex distributed fibers to superficial layers (especially laterally) in
addition to the more dense distribution in layer V, while those projections to
perirhinal/postrhinal cortex were restricted to layer VI.

The present results, together with previous anatomical findings, prompt two comments
about the organization of hippocampal output that will be relevant for understanding memory
consolidation. First, because hippocampal output reaches neocortex indirectly through its
connections with the perirhinal and entorhinal cortices (among other indirect routes), it
appears that the product of hippocampal information processing requires additional synaptic
mediation before permanent memory instantiation in neocortex. Second, a clue about the
nature of this mediation may lie in understanding the relationship between the laminar
organization of hippocampal input pathways and the laminar targets of hippocampal output.
Because projections to CAl originate from superficial layers of both the entorhinal and
perirhinal cortices (Witter and Groenewegen, 1984), the finding that CAl axons distribute to
both superficial and deep layers of the entorhinal cortex on the one hand and only one deep
layer of the perirhinal cortex on the other, the question arises as to whether hippocampal
output has differential feedback influence on these two cortical-hippocampal pathways. A first
step in answering this question lies in identifying the postsynaptic targets of CAL axons in the
entorhinal and perirhinal cortices.
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COLOCALIZATION OF SEROTONIN AND FMRFA1VIIDE-LIKE
IMMUNOREACTIVITIES IN THE NERVOUS SYSTEM OF THE EARTHWORM,
EISENIA FETIDA

LUBICS, A, REGLODI, D., SLEZAK, S., SZELIER. M. and LENGVARI, 1
Department of Anatomy, University Medical School of Pécs, PI-7624 Pécs, Hungary

The aim of the present study has been to show colocalization of serotonin and FMRFamide-
like immunoreactivities in the central nervous system of the earthworm, Eisenia feiida.

Alternate serial sections were stained with antisera raised against serotonin and
FMRFamide, using the peroxidase-antiperoxidase method. The immunostained serial sections
were compared on reconstructed images with the aid of NIH Image and Neurolucida programs.

Although there are a large number of serotonin and FMRFamide-like immunoreactive
perikarya in the central nervous system of Eisenia, colocalization of these substances is
comparatively infrequent. In the cerebral ganglion no cells were found that stained for both
antisera. In the subesophageal and ventral cord ganglia the neurons stained for both antisera
represent approximately 17-23% and 10-14% of the serotonin-, 7-11% and 9-17% of the
FMRFamide-like immunopositive cells, respectively.

It is suggested that FMRFamide-related peptides may act as neuromodulators on
serotoninerg neurons, influencing mainly innervation of muscles.

Supported by OTKA T 016334.
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THE EFFECT OF VASOACTIVE INTESTINAL POLYPEPTIDE ON MORPHINE
TOLERANCE AND DEPENDENCE IN MICE

MACSAI, M., SZABO, G. and TELEGDY, G.

Department of Pathophysiology, Albert Szent-Gyorgyi Medical University,
H-6725 Szeged, Hungary

Vasoactive intestinal polypeptide (VIP) which was first isolated from porcine small intestine is
containing 28 amino acids. VIP has numerous effects on peripheral organs and the central
nervous system. It has also effects on the endocrine and immune system. The effect of VIP on
pain has not yet been clarified therefore, in the present study we aimed to investigate the
effect of vasoactive intestinal polypeptide on pain sensitivity and on opiate tolerance and
dependence in intact mice.

The analgesic effect was tested by hot plate and tail-flick methods. Change of rectal
temperature, body weight and latency of stereotyped motion behavior was assessed as
morphine withdrawal signs. VIP itself was analgesic when given alone either peripherally
(subcutaneously, sc.) or centrally (intracerebroventricularly, icv.). Naloxone treatment
abolished this analgesic effect. VVIP was able to decrease the analgesic effect of morphine (sc.)
and chronic tolerance to morphine. Morphine withdrawal was also diminished after VIP
pretreatment.

Our findings indicate that vasoactive intestinal polypeptide may play a role in pain
sensitivity. VIP is able to modify morphine tolerance and withdrawal, and that an opiate
component may play a role in this effect.

ASTROGLIAL REACTIONS TO MECHANICAL INJURY,
IN VIVO AND IN VITRO

MADARASZ, E.,1K.ORNYEI, ZS.,1VUTSKITS, L.,2TOTH, B.,1
F.-TOTH, M.1land PALKOVITS, M.2

'Department of Comparative Physiology, E6tvos Lorand University and
Laboratory of Neuromorphology, Semmelweis University Medical School, Budapest, Hungary

Astroglial responses to mechanical injuries were investigated in cultures of embryonic and
postnatal rat forebrain cells and also, in adult rat brains. The changes in the accumulation of
nestin and glial fibrillary acidic protein (GFAP) intermediary filaments were immunostained
and assayed by Western blot analysis. At the sites of injury, increased nestin immunoreactivity
was revealed in both in vivo and in vitro. In vivo, the accumulation of nestin-immunopositive
filaments preceeded that of the GFAP-reactive material in injured cortical and striatal brain
tissues. In vitro, increased nestin immunoreactivity was found in the edges of cells expanding
into the wound, regardless of their proliferative status. The observation suggests that nestin
accumulation may indicate the locomotory activity of the cells (migration or process
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elongation), rather than their progenitor-like nature. As expected, progenitor cells
characterized by high locomotory activity display strong nestin immunoreactivity, but not all
of the nestin-positive cells are necessarily progenitors.

The validity of scratch-wounded cultures as in vitro models for post-traumal changes has
also been investigated. Alterations in in vitro cell proliferation were followed by
bromodeoxyuridine (BrdU) staining to visualise dividing cells after various post-trauma
periods. Studies on the distribution of BrdU-positive cells gave some insight into the time-scale
of cell production by cultivated astrocytes lining the wounded areas. The data indicated that
the latency of trauma-induced cell division decreased with the in vivo age of the source
material. The replacement of decayed cells seemed to be accelerated in older cultures.

Also, assays on (tumor necrosis factor) TNFa-production by cells in in injured cultures
indicated certain developmental stage-dependency of the post-traumal reactions. In neuron-
enriched cultures derived from embryonic brain tissue, mechanical injury resulted in
enhancement of TNFa-activity in the fluid environment of the cells. On the other hand, in
cultures containing mainly astrocytes derived from older brain material, the TNFa-activity
decreased as a consequence of mechanical trauma.

TERMINATION PATTERN OF THE SECOND-ORDER VESTIBULOCOCHLEAR
FIBERS IN THE FROG BRAINSTEM AND SPINAL CORD

MATESZ, K. and KULIK, A
Department of Anatomy, University Medical School, H-4012 Debrecen, Hungary

Based on labelling the branches of the VIlIth cranial nerve we have found that the primary
vestibulocochlear nuclear complex have the same parts in the frog as in higher vertebrates.
The Phaseolus vulgaris-leucoagglutinin (PHA-L) injections into the vestibular and cochlear
nuclei revealed that the projections of the second-order vestibulocochlear fibers are also
similar to that of the mammalian species. The aim of this experiment was to identify both the
postsynaptic targets and the neurochemistry of axons originating from vestibulocochlear
nuclear complex. In this study the vestibular terminals were analysed in the spinal cord and in
the oculomotor nucleus; the cochlear terminals were studied in the principal nucleus of torus
semicircularis (TP). Phaseolus vulgaris-leucoagglutinin (PHA-L) was injected either into the
(LVN) or cochlear nucleus (CN), respectively. On the consecutive ultrathin sections GABA
and glycin immunocytochemistry were processed.

Descending projections of the LVN can be followed as far as the lumbar segments of spinal
cord, giving rise to collaterals terminating mainly in the medial part of gray matter. The
PHA-L labeled terminals form exclusively symmetrical synapses on both the cell body and
proximal dendrites of motoneurons. Ascending fibers from the LVN terminate in the
oculomotor nucleus bilaterally, with an ipsilateral dominance. The vestibular terminals make
symmetrical synapses on proximal dendrites and somata of neurons of the oculomotor
nucleus. The PHA-L telminals were GABAergic both in the spinal cord and oculomotor
nucleus.

The majority of the ascending second order cochlear fibers terminate in the TP. The
labelled terminals form symmetrical synapses on the proximal and asymmetrical synapses on



the distal dendrites. The symmetrical synapses were positive for glycin in 10 percent, no
GABA positive cochlear terminals were detected in the TP.
This work was supported by grant ETT 515 from Ministry of Welfare.

METHODS FOR THE DETERMINATION OF SSAO ACTIVITY ON VARIOUS
BIOLOGICAL SAMPLES

MESZAROS, ZS., HABERLE, D. and MAGYAR, K.

Department of Pharmacodinamics, Semmelweis University of Medicine,
H-1089 Budapest, Nagyvarad tér 4, Hungary

Semicarbazide-sensitive amine oxidase (SSAO) belongs to a subgroup of amine oxidases in
human sera and smooth muscle cells. SSAO is not affected by monoamine oxidase (MAO)
inhibitors such as chlorgyline, pargyline or deprenyl, however, shows sensitivity to
semicarbazide or other hidrazines. Its physiological role and main substrate have not been
determined. A number of biogenic amines (tyramine, tryptamine, dopamine, etc.) are in vitro
good substrates for the enzyme. The oxidative désamination of allylamine to acrolein or
methylamine to formaldehyde may be responsible for the endothelial cytotoxicity of SSAO.

The elevation of SSAQO activity was detected in diabetes, congestive heart failure and
hepatic cirrhosis. The activity of the enzyme is lowered in cancer, after severe burns or in the
course of glucocorticoid therapy.

Our presentation considers the possibilities of the detection of human SSAO and compares
the advantages and disadvantages of fluorimetric and radiometric measurements. We report
here a simple and sensitive radiometric method using KC-benzylamine as substrate for the
measurement of SSAO activity in human plasma. The assay shows good linearity and
reproducibility. In healthy controls the measured SSAO activity was 0.056+0.015
nmol/hour/mg protein.

EFFECTS OF CHLORALOSE ADMINISTRATION ON THE BACKGROUND
AND EVOKED ACTIVITES OF POSTGANGLIONIC SYMPATHETIC NERVES IN
CATS ANESTHETIZED WITH URETHANE

MITSANYI, A and FEDINA, L.

Department of Physiology, Semmelweis University Medical School,
H-1444 Budapest, P.O. Box 259, Hungary

In the neurophysiology of the sympathetic activity, the body of knowledge has been built up,
first of all, of the results of animal experiments performed in chloralose or chloraloseurethane
anesthesia (cf. Sato and Schmidt, 1973), although there have been indications (e.g. those of
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Molnéar et al., 1969) that chloralose might deeply influence the integration of some
sympathetic reactions.

In order to get closer to the nature of chloralose-induced changes of sympathetic activity,
cats were anesthetized with urethane (600-800 mg/kg, iv.) and immobilized with pipecuronium
bromide (60 pg/kg, iv.). Artifical ventilation was adjusted to maintain end-tidal C02at about
4%. Monophasic compound action potentials of renal and vertebral sympathetic
postganglionic efferent nerve branches (innervating blood vessels of a visceral organ and
skeletal muscles, respectively), ECG, arterial blood pressure, ventilation, and capnogram were
continuously recorded. Somatosympathetic reflexes were elicited by repetitive stimulations
(series of single impulses or short trains of stimuli [3-5 shocks at 100 Hz]) of the central
stump of cut tibial or brachial nerves. Spontaneous and evoked activities of both sympathetic
outputs were compared before and after chloralose administration (50 mg/kg, iv.).

The results showed that the background activity was altered by chloralose in such a way
that the still synchronized discharges seemed to lose partially or totally their cardiac and
respiratory (ventilatory) rhythmicity. In the evoked reactions, the inhibitory component
('silent period’) became longer and more marked, giving rise thereby to more distinct reflex
volleys. As for the destinations of the sympathetic nerves studied, administration of
chloralose usually brought about differential effects.

This work was supported in part by the National Research Fund of Hungary (OTKA 1046).
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INVESTIGATION OF SPECIFICITY OF NADPH-DIAPHORASE
HISTOCHEMICAL REACTION IN THE CENTRAL NERVOUS SYSTEM OF
SOME
INVERTEBRATE SPECIES

MOLNAR, L.

Department of General Zoology and Neurobiology, Janus Pannonius University,
H-7601 Pécs, Ifjusag u. 6, Hungary

Histochemical demonstration of NADPH-dependent diaphorase (NADPHd) activity is widely
used as a marker for nitric oxide synthase (NOS) in the nervous system of both vertebrates and
invertebrates. It is generally accepted that afte