
Plenary lectures

Nanomedicine for neurodegenerative disorders

Tadeusz Maliñski
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Nanomedicine is the emerging new field of medicine

concerned with the diagnosis, prevention and cure of

diseases with nanoscale tools and methods. Nanotech-

nology together with system biology, integrated mi-

crofluidics and molecular imaging are being inte-

grated to provide molecular diagnostics and to design

pharmacological interventions. Nitroxidative stress

and inflammatory reactions are thought to be an im-

portant contribution to neuronal damage in stroke,

hemorrhagic shock, and in neurodegenerative disor-

ders such as Alzheimer’s disease, Parkinson’s disease,

multiple sclerosis and amyotrophic lateral sclerosis.

This presentation will show a newly developed nano-

technological methods for in vivo and in vitro moni-

toring of several molecules important in the function

and dysfunction of neurons and endothelial cells in

the brain as well as in the peripheral nervous system.

Nanosensors (diameter 100–250 nm) have been de-

veloped to monitor the concentrations of more than

15 different molecules including nitric oxide, dopa-

mine, serotonin, carbon monoxide, superoxide, per-

oxynitrite, hydrogen peroxide, L-arginine, L-citruline,

hydroxyl radicals, oxygen, nitrotyrosine, tetrahydrobio-

pterin, NADPH, NADH, glutamate and SOD. These

molecules may be involved in cascade of reactions lead-

ing to nitroxidative stress and inflammation.

The response time of these sensors is 1–10 �s with de-

tection limits of 10–9–10–10 moles/l. The sensors can de-

tect sub-attomoles (10–18 moles) of analyte in pico- to

femtoliter volumes of single neurons or endothelial cells.

This work discusses the applications of these sensors to

measure signaling, nitroxidative stress and inflammation

in the brain during stroke, hemorrhagic stroke, hypovo-

lemia and in Parkinson’s disease, Alzheimer’s disease and

ALS. Several examples of emerging technologies includ-

ing Fourier transform electrochemical imaging will be

presented to illustrate specific developments and values to

pharmaceutical portfolio development.

Antipsychotic drugs: where have we been and where are we going?

Frank I. Tarazi
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Treatment of schizophrenia and other psychotic disor-

ders was revolutionized by the serendipitous discov-

ery of the first neuroleptics, chlorpromazine, ha-

loperidol and others in the 1950s. Among other tar-

gets, neuroleptic drugs were found to block dopamine

D2 receptors in a direct correlation with their antipsy-

chotic efficacy. However, treatment with neuroleptic

agents induces adverse neurological and endocrino-

logical side effects, including dystonia, akathisia, tar-

dive dyskinesia and hyperprolactinemia. The intro-
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duction of the new antipsychotic agent clozapine was

a major step in developing drugs with less risk of the

side effects of older neuroleptics, but with similar or

even superior beneficial effects. The pharmacological ba-

sis of the unusual clinical properties of this unique agent

remains unclear. Clozapine interacts with high or moder-

ate potency at dopaminergic (D1, D2 and D4), serotoner-

gic (5-HT2A, 5-HT2C and others), adrenergic (�1, �2, �2),

histaminic (H1), and other neuroreceptors. Despite its fa-

vorable characteristics, its high risk of bone marrow tox-

icity, excessive sedation and dose-dependent risk of epi-

leptic seizures complicate clinical use of clozapine.

There is a keen interest in developing newer an-

tipsychotic drugs with less adverse risk than clozap-

ine, but comparable antipsychotic effects. Among

them are olanzapine, quetiapine, risperidone, ziprasi-

done, and more recently aripiprazole, which have

been approved for treatment of schizophrenia and

other psychotic disorders. Most of these agents have

a complex neuropharmacology, resembling that of

clozapine, with interactions at several classes of cere-

bral neurotransmitter receptors. In spite of the effi-

cacy of newer antipsychotic drugs in alleviating

symptoms of schizophrenia, basic studies and clinical

trials revealed that these drugs have brought only rela-

tive avoidance of adverse neurological side effects,

urging continued searches for novel principles of de-

veloping better antipsychotic drugs.
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Symposium

dedicated to Prof. dr hab., dr h.c. ZBIGNIEW S. HERMAN

on the occasion of 50th anniversary of his scientific activity

Involvement of the D1, D2 and D3 dopamine receptors in the

memory-enhancing effects of angiotensin IV

Jan J. Braszko

���������� �	 0#�����# �������#� �� "�!���# ���������� �	 
��1����2� 3��4�� ���� ���� �& ��*$�� 
��1����2� ��#��!

Angiotensin IV (Ang IV, Val-Tyr-Ile-His-Pro-Phe-OH)

is now recognized as a potent cognition enhancing

neuropeptide present, along with its receptors, in all

brain structures associated with information process-

ing such as prefrontal, entorhinal, and piriform cortex,

hippocampus, striatum and globus pallidus [Wright

and Harding, Progress Neurobiol, 2004]. In rats Ang

IV has been found to facilitate learning of active and

recall of passive avoidances, to improve object recog-

nition, to abolish learning deficits caused by the mus-

carinic as well as nicotinic cholinergic receptor block-

ade and, most interestingly, to alleviate learning defi-

cits produced by the hippocampal perforant path knife

cuts. Accordingly, the peptide was described to en-

hance long-term potentiation of synaptic strength, in

a well-known model of memory at the cellular level.

Despite these abundant data in support of Ang IV

status as the cognitive enhancer, clear understanding

of its mechanism of action in terms of the receptor-

effect sequence of events is still unavailable.

Taking into account a remarkable complexity of the

mnemonic processes, viewing Ang IV as a part of the

precisely orchestrated system, including at least ace-

tylcholine (ACh), glutamate, and dopamine (DA), i.e.

the neurotransmitters most extensively involved in the

cognitive processing acting in a coordinated way to

produce the desirable final effect, seems the most ap-

propriate. In fact, a dose-dependent release of ACh

from the hippocampal slices by Ang IV found by Lee

et al. [Neuropharmacology, 2001] and an abolishment

of the memory-enhancing effects of des-Phe6 Ang IV,

the Ang IV derivative having similar to Ang IV itself

affinity for the AT4 receptors [Sardinia et al., Pep-

tides, 1993], by the N-methyl-D-aspartate (NMDA)

receptor blockade with dizocilpine [Braszko and

Wiœniewski, Pharmacol Res, 1995] are well in line

with such reasoning.

Since DA is another indispensable part of the cogni-

tion controlling process involved in a number of clini-

cally important dysfunctions of that process such as

working memory (impaired in schizophrenia)

[Goldman-Rakic, Neuropsychopharmacology, 1999],

motivation (crucial for the drug seeking behavior)

[Phillips et al., Neurosci Biobehav Rev, 2003] and at-

tention (impaired in attention deficit hyperactivity dis-

order) [Chudasama and Robbins, Neuropsychopharma-

cology, 2004], hoping to find new searching strategies

for alleviating these dysfunctions, I decided to examine

significance of the D1, D2 and D3 dopamine receptor

blockade for the cognitive effects of Ang IV.

The results showed that the pretreatment of rats with

SCH 23390 [R-(+)-7-chloro-8-hydroxy-3methyl-1-

phenyl-2,3,4,5-tetrahydro-1H-3-benzazepine hydrochlo-

ride (0.05 mg/kg)], a D1/D5 dopamine receptor an-

tagonist, completely prevented Ang IV-induced in-

crease in learning of the active and recall of the pas-

sive avoidance behaviors and also prevented

improvement of the recognition and the working
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memory, observed in the object recognition test and

8-arm radial maze, respectively [Braszko, Peptides,

2004]. Remoxipride (0.05 mg/kg), the D2 receptor

blocker, highly selective at the D3 sites, produced

very similar effects (submitted) and so did UH 232

[cis-(+)-5-methoxy-1-methyl-2-(di-N-propylamino)-

tetralin maleate (1 mg/kg)], a mildly preferential

D3/D2 DA receptor antagonist. It, therefore, appears

that all three, i.e. D1, D2 and D3, DA receptors must be

functional in order to enable Ang IV cognitive activity.

Although surprising such a conclusion appears com-

patible with several other than above lines of evidence.

First, all brain structures containing AT4 receptors

mentioned above are also rich in D1, D2 and D3 DA

receptors occurring in many instances in the same

area (nucleus accumbens, caudate-putamen) [Man-

sour and Watson in: Psychopharmacology: The

Fourth Generation of Progress, Raven Press, 1995;

Rosa-Neto et al., Neuroimage, 2004].

Second, there is evidence of an extensive cross-talk

between all three DA receptors [Millan et al., Psycho-

pharmacology, 2004; Seeman in: Psychopharmacol-

ogy: The Fourth Generation of Progress, Raven Press,

1995] facilitated by the coexistence, in certain brain

areas, of the three DA receptor subtypes in one cell in

all possible combinations [Surmeier et al., Proc Natl

Acad Sci USA, 1992].

Third and final, an indirect action of Ang IV, in-

volving release of ACh which then increases DA re-

lease [Decker and McGaugh, Synapse, 1991; Cao et

al., Neuropharmacology, 2005] might apparently be

responsible for the beneficial effects of Ang IV on the

memory processes.

The above considerations seem to justify the fol-

lowing conclusions:

1. Ang IV is a potent neuropeptide involved in

a range of the cognitive processes in the brain.

2. Ang IV cognitive activity is integrated with

similar activities of the neurotransmitters clasically

known to be responsible for the information process-

ing in the brain such as ACh, glutamate, DA and

probably others.

Simultaneous neonatal lesion of noradrenergic and serotonergic

neurons in rat brain: interaction with the dopaminergic system

Przemys³aw Nowak1, £ukasz Labus1, Aleksandra Bortel1, Joanna D¹browska1,
Ryszard Szkilnik1, Richard M. Kostrzewa2, Ryszard Brus1
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N-(2-chlorethyl)-N-ethyl-2-bromobenzylamine (DSP-4),

a neurotoxin selective for noradrenergic neurons, crosses

the blood-brain barrier and produces long-lasting par-

tial denervation of the brain noradrenergic neurons

[Etheverry et al., Trends Pharmacol Sci, 1983].

In the first part of the study, three groups of new-

born Wistar rats were injected with DSP-4 (50 mg/kg sc),

once (on the day of birth), twice (day of birth + 3rd

day) or three times (day of birth + 3rd day + 5th day).

Control newborn rats were injected with saline. Eight

weeks later, the corpus striatum, hippocampus and

frontal cortex were analyzed by HPLC/ED technique

for biogenic amines and their metabolites: noradrena-

line (NA), 3-methoxy-4-hydroxyphenylethylene gly-

col (MOPEG), dopamine (DA), 3,4-dihydroxyphenyl-

acetic acid (DOPAC), homovanillic acid (HVA),

3-methoxytyramine (3-MT), serotonin (5-HT) and

5-hydroxyindole acetic acid (5-HIAA). NA levels in

the hippocampus and frontal cortex of adult rats injected

with DSP-4 twice were reduced to 1.4% and 4.8% of the

control, respectively. No changes in DA and other amine

levels were found. However, in rats with three injections

of DSP-4, DA and 5-HT brain levels were reduced.

In the second part of this study, newborn male Wis-

tar rats were injected with DSP-4 (50 mg/kg sc twice:

day of birth + 3rd day) and the following studies were

performed in adult rats: (a) in vivo microdialysis study

in freely moving rats, of frontal cortex, before and after
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amphetamine (1 mg/kg ip) [Nowak et al., Pol J Phar-

macol, 2001]; (b) synthesis rate of DA in the frontal

cortex, hippocampus and striatum [Carlsson et al.,

Naunyn Schmiedebergs Arch Pharmacol, 1972]; (c)

behavioral testing (irritability, locomotion, yawning

behavior, oral activity, stereotyped behavior, exploratory

activity, catalepsy, and others) after treatment with DA

agonists or antagonists (quinpirole, (+)-7-hydroxy-2-(di-

n-propylamino)tetralin: 7-OH-DPAT, apomorphine, ha-

loperidol, 7-chloro-8-hydroxy-3-methyl-1-phenyl-2,3,4,5-

tetrahydro-(1H)-3-benzazepine: SCH 23390).

amphetamine (1 mg/kg ip) [Nowak et al., Pol J Phar-

macol, 2001]; (b) synthesis rate of DA in the frontal

cortex, hippocampus and striatum [Carlsson et al.,

Naunyn Schmiedebergs Arch Pharmacol, 1972]; (c)

behavioral testing (irritability, locomotion, yawning

behavior, oral activity, stereotyped behavior, exploratory

activity, catalepsy, and others) after treatment with DA

agonists or antagonists (quinpirole, (+)-7-hydroxy-2-(di-

n-propylamino)tetralin: 7-OH-DPAT, apomorphine, ha-

loperidol, 7-chloro-8-hydroxy-3-methyl-1-phenyl-2,3,4,5-

tetrahydro-(1H)-3-benzazepine: SCH 23390).

In the third part of this experiment, newborn male

Wistar rats were injected with DSP-4 (50 mg/kg sc

twice ip: day of birth + 3rd day), and additionally on

the 3rd day with the 5-HT neurotoxin 5,7-dihy-

droxytryptamine (5,7-DHT; 150 �g icv, base form,

half in each lateral ventricle) [Brus et al., Pharmacol

Biochem Behav, 1995]. At 8 weeks, the following studies

were performed: (a) analysis of biogenic amines and

metabolites; (b) synthesis rate of DA in the frontal

cortex, hippocampus and striatum, as above; (c) be-

havioral testing, as above.

We found that neonatal lesion of the central nora-

drenergic system with DSP-4 reduced the synthesis

rate of DA in the brain, altered NA, DA, DOPAC and

HVA levels in microdialysates of the frontal cortex af-

ter amphetamine challenge, and altered DA agonist-

and antagonist-induced behaviors of rats in adulthood.

Simultaneous injection of DSP-4 and 5,7-DHT to

newborn rats decreased NA and 5-HT levels in the

brain of adult rats. Conversely, the above schedule of

injections did not change the synthesis rate of DA in

the brain, and modified DA agonist- and antagonist-

induced behaviors of rats in adulthood in comparison

to animals injected with DSP-4 only. These findings

demonstrate that DA neuronal function is substan-

tially impaired by marked NA denervation of the rat

hippocampus and frontal cortex, while lesion of the

central serotonergic system modified this effect.
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Do novel studies on stress and depression influence our opinions

about mechanism of action of antidepressants?

Wojciech Kostowski
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Recent clinical and laboratory studies are producing real

improvements in our understanding of the depression

and stress as well as mechanism of action of antidepres-

sant drugs. In particular, the novel studies have im-

proved our understanding of the role of hypothalamus-

pituary-adrenal (HPA) axis in depression, and have

shown new strategies for pharmacotherapy of depres-

sion. It has been reported that acute depression is char-

acterized by hypersecretion of CRH (corticotrophin re-

leasing hormone), ACTH and cortisol. On the other

hand, in chronic depression, cortisol remained elevated

while ACTH levels were rather diminished. Antago-

nists of CRH and cortisol could, therefore, represent

a new generation of antidepressant drugs. Further, re-

cent studies have shown antidepressant efficacy of

melatonin antagonists (in particular MT-1 receptor an-

tagonists), thus suggesting that these compounds hold

promises for use as novel antidepressants. Further, labora-

tory studies have found that the molecular basis of antide-

pressant action involves a variety of postreceptor compo-

nents such as second messengers (in particular the cyclic

AMP cascade), protein kinases and transcription factors.

Antidepressant drugs have also been reported to

stimulate the production of neurotrophic factors (e.g.

BDNF) and neurotrophins thus counteracting the neuro-

degenerative processes underlying the stress and depres-

sion. Therefore, it has become apparent that antidepres-

sants improve the processes of brain neuroplasticity.
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Modeling of tardive dyskinesia: predictive new treatment

Richard M. Kostrzewa1, Ryszard Brus2
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Tardive dyskinesia (TD), a long-lived movement dis-

order induced by long-term treatment of humans with

classical antipsychotic drugs, has an incidence rate of

5% per year of treatment. TD is characterized by

spontaneous chewing-like movements – often with

tongue thrusting – although limbs, back and other

body regions can be affected, in which case the mani-

festations take the form of choreoathetoid move-

ments. The second generation antipsychotics, nearly

devoid of TD induction, have supplanted classical an-

tipsychotics in the treatment of schizophrenia, with

the net effect being a disappearance of TD in western

medicine. The unfortunate aspect of this progress in

medicine, is that funding for TD research is of lesser

priority, with the consequence that there is less likeli-

hood for development of treatments for (a) patients

who had earlier developed TD and (b) newly arising

TD patients in developing countries – economically

forced into treatment with classical antipsychotics. In

this brief review, we provide a background into some of

our studies on TD, neural mechanisms associated with

TD, and evidence for new improved treatment of TD.

In the mid 1980s, Rosengarten et al. [Pharmacol

Biochem Behav, 1989] made the discovery that high

dose treatment of rats with the dopamine (DA) D1 re-

ceptor agonist SKF 38393 [(+/–)-1-phenyl-2,3,4,5-

tetrahydro-(1H)-3-benzazepine-7,8-diol)], produced

spontaneous oral movements in rats, with the dyski-

netic movements being termed by Waddington and

Gamble [Eur J Pharmacol, 1980], as vacuous chewing

movements (VCMs). This so piqued our interest that

we began a series of studies that continued for 15

years. To further explore the association of DA D1 re-

ceptors and vacuous chewing, rats were lesioned as

neonates with the neurotoxin 6-hydroxydopamine

(6-OHDA), in order to produce DA D1 receptor super-

sensitivity [Gong et al., J Neurochem, 1994; Kostrzewa,

Neurosci Biobehav Rev, 1995]. In rats so-lesioned as

neonates with 6-OHDA, Breese et al. [J Pharmacol

Exp Ther, 1987] had shown that there was (a) > 95%

loss of dopaminergic innervation of neostriatum, (b)

exaggerated motor and stereotyped behavioral effects

resulting from the first dose of L-3,4-dihydr-

oxyphenylalanine (L-DOPA), and (c) supersensitiza-

tion of DA D1 receptors, produced ‘gradually’ by re-

peated treatments with the D1 agonist SKF 38393 –

a process termed ‘priming’. With priming, SKF 38393

initially produces virtually the same magnitude of be-

havioral response in control and 6-OHDA-lesioned

rats, but with a 3rd dose of SKF 38393, there is a dra-

matic increase in stereotypies and locomotor activity

in the 6-OHDA-lesioned group.

When neonatally 6-OHDA-lesioned rats were

treated with SKF 38393, there was a marked dose-

dependent increase in VCMs, vs. controls having

a full complement of DA innervation of the forebrain

[Gong and Kostrzewa, Pharmacol Biochem Behav,

1992; Gong et al., Dev Brain Res, 1993]. In addition,

there was potentiation of the number of VCMs in-

duced in these rats by the serotonin-2 (5-HT2) recep-

tor agonist, m-chlorophenylpiperazine (m-CPP), indi-

cating that predominate DA-denervation was associ-

ated not only with DA D1 receptor supersensitization,

but with 5-HT2 receptor supersensitization, as well

[Brus et al., J Pharmacol Exp Ther, 1994; Gong et al.,

Dev Brain Res, 1993; Kostrzewa et al., Dev Brain

Res, 1993; Kostrzewa et al., J Neurochem, 1998;

Plech et al., Psychopharmacology, 1995]. Effects of

m-CPP were attenuated by the largely 5-HT2 receptor

antagonist mianserin but not by the 5-HT1 receptor

antagonist ketanserin or 5-HT3 receptor antagonist tro-

panserin (MDL 72222), indicating that m-CPP was in-

deed producing its effect at 5-HT2 receptors. The DA D1

antagonist SCH 23390 [(R)-(+)-7-chloro-8-hydroxy-3-

methyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-benzazepine]

failed to attenuate the effect of m-CPP while the 5-HT2

antagonist mianserin attenuated the effect of SKF

38393, implicating 5-HT neural systems as mediators of

DA D1 receptor effects [Gong et al., J Pharmacol Exp

Ther, 1992]. In the summary, 5-HT neural systems in the

brain appeared to have a major influence in both induc-

ing VCMs and in transducing D1 receptor agonist-

induction of VCMs. These findings were the impetus

for a much larger 18-month study of TD.

A true animal model of TD is the one in which

there is an increase in spontaneous VCMs – without

acute induction by a drug. Waddington and Molloy

[Psychopharmacology, 1987] reported that in rats
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treated daily with haloperidol, for 4 months to one

year, there was a large increase in the number of spon-

taneous VCMs. In such a study, it is usual to add ha-

loperidol to the drinking water; and observe individual

rats in isolation for a fixed time in the absence of any

(other) treatment. Disadvantages to this model relate to

the long period of induction of spontaneous VCMs (i.e.

4 months) and subsiding of enhanced VCM number to

control levels after discontinuing haloperidol treatment.

Somewhat, but not totally surprisingly, when

6-OHDA-lesioned rats received haloperidol (1 mg/kg

/day) in drinking water, starting when they were

3 months of age, some of the disadvantages of this

type of a TD study in rats were overcome. First, the

increase in numbers of spontaneous VCMs was ob-

served, at first, after 3-month haloperidol treatment,

vs. 4 months in controls. Second, the increase in num-

bers of spontaneous VCMs in the 6-OHDA-lesioned

rats was 2-fold greater than the number of VCMs in

haloperidol-treated controls (i.e. full DA innervation

of the forebrain) [Huang and Kostrzewa, Eur J Phar-

macol, 1994]. Third, and most importantly, the high

number of VCMs observed in the 6-OHDA group per-

sisted for at least 8 months after haloperidol was with-

drawn as a treatment, vs. a disappearance of spontane-

ous VCMs approximately 2 months after haloperidol

had been withdrawn as a treatment in intact control

rats [Huang et al., J Pharmacol Exp Ther, 1997]. Although

the Bmax for raclopride binding (i.e. relative number

of 5-HT2 receptors) was increased in the striatum

one-week after haloperidol withdrawal in intact and in

6-OHDA-lesioned rats, the Bmax for raclopride bind-

ing in the striatum returned to the control level in

6-OHDA rats, 8 months after haloperidol withdrawal

[Huang et al., J Pharmacol Exp Ther, 1997]. In other

words, the persistence of high numbers of spontane-

ous VCMs was associated with haloperidol treatment

during the treatment-phase, but significantly, high

numbers of spontaneous VCMs persisted during the

haloperidol-withdrawal phase even after 5-HT2 recep-

tor number was at control levels. This study impli-

cates 5-HT2 receptor supersensitization in occurrence

(or persistence) of spontaneous VCMs, independent

of the relative number of 5-HT2 receptors.

One might pose the question relating to why classi-

cal antipsychotics, like haloperidol, are beset with TD

as an adverse effect while 2nd generation antipsy-

chotics are largely devoid of TD as an adverse effect.

A reasonable explanation is that some classical an-

tipsychotics, such as haloperidol, are predominately

DA D2 blockers, while the 2nd generation antipsy-

chotics have prominent 5-HT2 blocking activity as

well as DA D2 blocking activity. This is true for clo-

zapine, risperidone and olanzapine. Apparently, there

is an optimal range for relative block of DA D2 recep-

tors and 5-HT2 receptors, since some of the classical

antipsychotics do block both D2 and 5-HT2 receptors

(perhaps not in the correct ratio) but still do produce TD.

People developing TD after long-term treatment

with a classical antipsychotic, do not have prominent

loss of DA innervation of the forebrain. If they did,

parkinsonian symptoms would be prominent, and the

antipsychotic would add to the Parkinson’s syndrome.

Therefore, one might wonder about the validity of

6-OHDA-lesioned rats as a model of TD. An old say-

ing is “The proof is in the pudding”. In other words,

rats so-lesioned did prove to more closely mirror TD in

humans vs. fully DA-innervated rats similarly treated

on a long-term basis with haloperidol (and also with-

drawn from haloperidol). Therefore, the question re-

lates to why DA-lesioned rats seemingly do better

model human TD. Relating to mechanisms, haloperi-

dol is a potent DA D2 receptor antagonist which,

therefore, tends to pharmacologically DA-denervate

the brain. The more substantive aspect of the

6-OHDA lesioning is hypothesized to be the most im-

portant because of the ensuing supersensitization of

DA D2 receptors (perhaps a necessary first step) and

eventual supersensitization of 5-HT2 receptors. Be-

cause human brain is so much more structured and so

much more intricate than rat brain, this aspect may be

significant in regard to why intact rats less fully mir-

ror human TD following long-term haloperidol treat-

ment. Lesioning of DA nerves, may be a necessary

additional step in rats (vs. humans) for long-term su-

persensitization of D2 and/or 5-HT2 receptors subse-

quent to haloperidol withdrawal.

What is the evidence to support the hypothesis that

5-HT2 receptors have prominent importance in devel-

opment and sustenance of TD? Prior to termination of

the experiment in which 6-OHDA-lesioned rats had

developed a high number of spontaneous VCMs and

had then been withdrawn for more than 6 months

from haloperidol treatment, a battery of drugs was

acutely administered in an attempt to attenuate spon-

taneous VCMs. It was found that the DA D1 receptor

antagonist, SCH 23390, failed to attenuate vacuous

chewing; also the DA D2 blocker spiperone was inef-

fective in reducing the number of spontaneous VCMs.

Ketanserin, a 5-HT1 blocker, and MDL 72222, a 5-HT3
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blocker, similarly failed in reducing the number of

VCMs. However, when potent blockers of 5-HT2 re-

ceptors were administered, including mianserin and

methysergide, the number of spontaneous VCMs was

reduced [Kostrzewa and Huang, Pharmacologist, 1997].

In conclusion, it appears that 5-HT2 receptors be-

come supersensitized during long-term haloperidol

treatment and remain supersensitized even after with-

drawal of haloperidol as a treatment; and that 5-HT2

blockers represent a viable approach towards effec-

tive treatment of TD.
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The role of 5-HT1B receptors in some behavioral effects of cocaine

Edmund Przegaliñski, Ma³gorzata Filip
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It is generally accepted that the behavioral effects of

cocaine depend on the inhibition of dopamine (DA)

transporter and the consequent activation of the

mesoaccumbens DA system consisting of the ventral

tegmental area (VTA) containing DA cell bodies and

the nucleus accumbens (NAc) in which DA terminals

are located. However, the psychostimulant promotes

not only DA, but also 5-hydroxytryptamine (5-HT)

release via a direct inhibitory effect on the 5-HT trans-

porter. Since the mesoaccumbens DA pathway re-

ceives 5-HT innervation from the raphe nuclei, an in-

teraction between the 5-HT system and the cocaine-

induced effects has become the subject of extensive

studies in which selective ligands of numerous 5-HT

receptor subtypes are used. Among these receptor

subtypes, 5-HT1B ones deserve special attention since:

1) both the VTA and the NAc are equipped with

5-HT1B receptors; 2) 5-HT1B receptors act as autore-

ceptors which inhibit 5-HT release, and as heterore-

ceptors modulating the release of other neurotransmit-

ters including DA; 3) the activation of 5-HT1B recep-

tors inhibits DA release in vitro, but increases basal

extracellular DA concentration and cocaine-stimulated

DA release in the NAc in vivo.

The present paper describes the role of the 5-HT1B

receptors in the cocaine-induced hyperlocomotion, in

the behavioral sensitization evoked by cocaine (a phe-

nomenon involved in the psychostimulant-induced psy-

choses or craving for a drug of abuse in humans) and in

the discriminative stimulus effect of cocaine (modelling

its subjective effects in humans).

It has been found that 5-HT1B receptor antagonists

administered intraperitoneally or microinjected into the

NAc shell reduce the cocaine-induced locomotor hyper-

activity, while agonists of those receptors produce oppo-

site effects [Przegaliñski et al., Behav Pharmacol, 2001;

Przegaliñski et al., J Physiol Pharmacol, 2002]. These

results indicate that 5-HT1B receptors of the NAc shell

play a permissive role in the cocaine-induced locomotor

hyperactivity. At the same time, an increase in the co-

caine hyperlocomotion induced by 5-HT1B agonists ad-

ministered into the VTA seems to be an additive effect

of either agent, since these agonists administered into

this structure increase basal locomotor activity [Prze-

galiñski et al., Eur Neuropsychopharmacol, 2004].

Regarding the development of sensitization of the lo-

comotor hyperactivity response to cocaine, it was ob-

served that that effect was modified by 5-HT1B receptor

ligands microinjected into the VTA [Przegaliñski et al.,

Eur Neuropsychopharmacol, 2004]. On the other hand,

only peripheral and intraaccumbal (into the NAc shell)

administration of 5-HT1B receptor agonists enhanced

the expression of cocaine sensitization [Przegaliñski

et al., Eur Neuropsychopharmacol, 2002]. On the ba-

sis of the above results, it is concluded that 5-HT1B

receptors of the VTA are involved in the development

of cocaine sensitization, while the enhancement of the

expression of cocaine sensitization by 5-HT1B recep-

tor agonists administered into the NAc shell may be

related to its enhancing effect on the cocaine-induced

locomotor hyperactivity. The above conclusions are in

line with the general concept that the VTA is involved
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in the development while NAc – in the expression of

cocaine sensitization.

In other experiments, it was found that cocaine dis-

crimination was reduced or enhanced by 5-HT1B re-

ceptor agonists or antagonists, respectively, microin-

jected into the VTA [Filip et al., Eur J Pharmacol,

2003]. Some enhancement of cocaine discrimination

was also observed after 5-HT1B receptor agonists ad-

ministered peripherally or into the NAc core [Filip et

al., J Physiol Pharmacol, 2001; Filip et al., Naunyn

Schmiedebergs Arch Pharmacol, 2002]. The conclusion

drawn from these results is that 5-HT1B receptors in the

VTA play a permissive role in cocaine discrimination.

Since the literature data indicate that 5-HT1B recep-

tor ligands have no affinity for DA receptors, it may be

suggested that the modulatory effect of these ligands

on the behavioral responses to cocaine seems to be in-

direct. For example, the stimulation of 5-HT1B recep-

tors within the mesoaccumbens DA pathway leads to

the inhibition of GABA release [Yan and Yan, J Neuro-

chem, 2001], and, consequently, to the disinhibition of

DA neurons, while – on the other hand – 5-HT1B recep-

tor antagonists produce an opposite effect [Castanon et

al., Pharmacol Biochem Behav, 2000].

The search for the eternal youth

Jerzy Vetulani
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Life may be considered an abscess on the body of the

Universe. It is a parasitic process in whose early stage

entropy falls rather than rises, doing this on the ex-

pense of the environment. Eventually, the entropy-

rising processes prevail and the death ensues. A ques-

tion whether the death of a multicellular organism is

really inevitable, remains still unanswered. As noticed

by GC Williams, it is a paradox that after the incredi-

ble success of morphogenesis, the adult organism is

unable to carry out a much more trivial effort of main-

tenance the already created structure. It is still not

clear whether Bristlecone pine Pinus aristata is mor-

tal: the oldest specimens are about 4000 years old and

still viable. For most of species death, however, is in-

evitable as the evolution favors the optimization of

longevity: setting a balance between the expenses for

survival and for procreation that optimizes the repro-

ductive success. In nature life usually ends due to ex-

ternal events. Due to progress in hygiene and medi-

cine, people presently live long over the reproductive

period, reaching the stage of senescence. The remark-

able prolongation of human lifespan bears important

negative consequences: senescence, which may still

be a green old age, or decrepitude, which is abomina-

ble. The chase for eternal youth is the fight with de-

crepitude and death. The dreams about immortality

appeared in the oldest myths, such as that of Gil-

gamesh, and the search for the fountain of youth was

considered by gnostics till modern times, The process

of aging starts with birth, but till adolescence the de-

velopmental changes predominate. However, the pe-

riod of development may be broken by premature ag-

ing, progeria. During the period of maturity the devel-

opmental and aging processes are in balance. This,

however, may be interrupted by accelerated aging, in-

duced by genetic or environmental factors. Finally, af-

ter maturity the time of senescence comes, and this

may proceed with full health (the green old age) or

may be marred by various age-related pathologies,

including dementia.

The existing theories of aging fall into two categories:

the theory of programmed aging and death and the theory

of accumulating damage. According to the first, the maxi-

mum of our lifespan is determined at fertilization. The sec-

ond class of hypotheses assumes that in the course of life

our tissues undergo incessant damages, mainly due to free

oxygen radicals, and, therefore, by taking a proper action

the damages may be reduced and the lifespan prolonged.

Many seniors are unhappy, as the decline in repro-

ductive functions with age is accompanied by de-

creased sexual attractiveness, so important in human

society. Therefore, humanity developed several strate-

gies aiming both at hiding the age-related changes

(dresses, cosmetics), aphrodisiacs, hormonal substitu-

�����������	��� 
������ ����� ��� ������� 265

The Fourteenth Days of Neuropsychopharmacology
������




tion, several types of medicines. The healthy lifestyle,

including caloric restriction and physical exercises

and continuous exercising of the intellectual functions

are very effective in both prolongation of the lifespan

and delaying the syndromes of senescence.

Finally, it should be noted that the healthy old age

might be very fruitful, as this is the time in which the

experience gathered during long life may be wisely

put in use. A study on recent primitive human hunting

societies revealed that most effective were hunters of

40–60 years of age. The human societies were often

governed by various councils of elders. Even today

the persons most meritorious for society in the fields

of arts, science and moral leadership are almost exclu-

sively those far past the prime of their lives.
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Oral communications

L-DOPA modifies melatonin synthesis in the retina and pineal

gland of chicken

Ma³gorzata Bereziñska1, Paulina Blezieñ2, Anna Lorenc1, Jolanta B. Zawilska2,3
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Pineal glands and retinas of various vertebrate species

synthesize melatonin (MEL) in a circadian rhythm

with high levels at night and low in the daytime

[Zawilska and Nowak, Pol J Pharmacol, 1999]. The

rate of MEL formation is regulated primarily by sero-

tonin N-acetyltransferase (AANAT), the penultimate

enzyme in the hormone biosynthetic pathway. Light is

the dominant environmental factor controlling MEL

biosynthesis. Exposure of animals to light at night de-

creases AANAT activity and MEL content. It has been

demonstrated that dopamine (DA), released from retinal

neurons upon light stimulation, regulates MEL synthesis

both in the retina and pineal gland, a phenomenon in-

volving activation of two different classes of DA recep-

tors. Stimulation of retinal D4/D2-DA receptors results

in suppression of AANAT activity and MEL production

in the retina, whereas activation of D1-like DA recep-

tors initiates a cascade of yet unidentified processes

finally leading to inhibition of MEL biosynthesis in

the pineal gland [Zawilska and Nowak, Neurochem

Int, 1994; Zawilska et al., J Pineal Res, 2004]. The

present study was undertaken to analyze whether

increasing DA levels by systemic administration of

madopar (a combination of L-DOPA, a precursor of

DA biosynthesis, with benserazid, an inhibitor of

peripheral L-DOPA-decarboxylase) can modify

AANAT activity in the chicken retina and pineal gland.

Chickens adapted to a 12 h light : 12 h dark (LD)

illumination cycle were used. In acute experiments,

the animals received madopar (100 mg/kg, ip) or ve-

hicle at the end of the light phase, and were trans-

ferred into the dark. Four hours later, the chickens

were exposed to light for 0, 2, 10, 20, or 30 min, and

killed immediately afterwards. In another set of ex-

periments, the animals received twice daily (at the be-

ginning and the end of the light phase) for one week

ip injections of madopar (100 mg/kg) or vehicle.

Twenty eight hours after the last injection, during the

dark phase of the LD cycle, the chickens were exposed

to light (0–30 min) and then immediately decapitated.

Pineal glands and retinas were isolated and used for

measurements of AANAT activity [Nowak et al., Neu-

rochem Int, 1989].

Acute administration of madopar potently de-

creased (by approximately 50%) the nighttime

AANAT activity in the retina, and had no effect on the

enzyme activity in the pineal gland. AANAT activity

in the retina and pineal gland of chickens treated sub-

chronically with madopar did not differ significantly

from the values observed in the tissues isolated from

the control, vehicle-treated animals. Exposure of the

dark-adapted chickens to light produced a significant

decline in retinal and pineal AANAT activity. The

magnitude of the observed changes was dependent on

the duration of the light pulse, with a maximal de-

crease (by approximately 60%) produced by 30 min ex-

posure. In the group of chickens treated acutely with

madopar, a significant attenuation (pineal gland) and

a total abolishment (retina) of the suppressive effect

of light on the nighttime AANAT activity was ob-

served. Subchronic administration of madopar mark-

edly weakened the light-evoked decrease in AANAT

activity in the chicken retina and pineal gland. It is

suggested that treatment with madopar leads to sub-
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stantial disturbances in MEL synthesis in the retina

and pineal gland, a phenomenon likely affecting func-

tioning of the body circadian system.
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Effects of chronic administration of Ginkgo biloba extract

(EGb 761) and D-cycloserine on water maze spatial memory

and motor activity in aged rats

Kamilla Blecharz-Klin, Agnieszka Piechal, Ewa Widy-Tyszkiewicz
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Numerous studies have shown that standarized extract

of Ginkgo biloba (EGb 761) has significant influence

on neurotransmitter receptors of the central nervous

system and can prevent age-related memory impaire-

ment. Increasing evidence suggests that activation of

the N-methyl-D-asparatate (NMDA) receptor may

play an important role in spatial learning and memory.

Our earlier study showed that EGb 761 could at-

tenuate spatial memory deficits and learning decline

of rats resulting from administration of the NMDA re-

ceptor antagonist (MK-801) [Blecharz-Klin et al., Pol

Przegl Kardiol, 2004; Blecharz-Klin et al., Pol J Phar-

macol, 2004]. The present study was undertaken to in-

vestigate the effect of standardized extract of Ginkgo

biloba leaves and D-cycloserine (a partial glycine

binding site agonist of the NMDA receptor complex)

on the spatial navigation in aging rats. Eighteen

months old Wistar rats received for three months EGb

761 in drinking water (150 mg/kg/day). Half an hour be-

fore the behavioral trials, rats received D-cycloserine

(3 mg/kg ip). Water maze procedure was carried out

for 4 days by training rats using 4 training trials per

day. Memory was assesed by a trial performed 24 h

after the last training. Motor activity and motivation

attitude was analyzed in the visible platform task.

In the acquisition testing, no significant differences

were noted between experimental groups [F(3,28) = 1.16,

p > 0.05]. In the probe trial on day 5, the group pre-

treated with EGb 761 (150 mg/kg/day) showed im-

proved memory in crossings over the position of the

platform in target quadrant compared to the control

(EGb 150: 7.00 ± 1.34) (Control: 3.25 ± 1.2) and the

group treated with D-cycloserine (C: 2.88 ± 0.83,

p > 0.05). EGb 761 and D-cycloserine administered

concurrently were less effective (EGb 150 + C 4.38

± 1.61).

Our results contribute to better elucidation of EGb 761

beneficial effects on aging-related neurodegenerative pro-

cesses and could provide new perspectives in protection

against age-associated mood and memory impairment.
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Neonatal lesion of the noradrenergic system alters susceptibility

to seizures induced by GABAA antagonists and to sleep induced

by GABAA agonists in adult rats

Aleksandra Bortel, Przemys³aw Nowak, Joanna D¹browska, Gra¿yna Szczerbak,
Ryszard Brus
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Gamma-aminobutyric acid (GABA) is the major in-

hibitory amino acid transmitter of the mammalian

central nervous system and is localized to approxi-

mately 30% of brain synapses. The fast-inhibitory ac-

tivity of GABA is mediated by the GABAA receptor,

which acts as a molecular substrate for the regulation

of vigilance, anxiety, muscle tension, epileptogenic

activity and memory functions in the brain. The high-

est GABAA receptor densities are seen in synaptosomal

fractions from the brain cortex, followed by the hypo-

thalamus, cerebellum, hippocampus and striatum. It is

well established that GABA plays an important role in

the mechanism and treatment of epilepsy and insom-

nia. Lack of balance between glutamatergic excitatory

neurotransmission and GABA-mediated inhibition

contributes to many serious perturbations of the brain

function, which may result for example in appearance

of seizures in experimental animals. Controversially,

several lines of evidence suggest that the noradrener-

gic system is also important in modification of seizure

and sleep activity. The noradrenaline-containing neu-

rons spread projections throughout the entire brain,

including the cortex, hypothalamus and amygdala and

that is why they are thought to play a crucial role in

many cognitive functions such as memory, behavioral

arousal and the above-mentioned seizure activity.

The aim of the study was to investigate the effect of

the lesion of the central noradrenergic system in the

early period of individual development in rats on al-

teration of susceptibility to seizure-inducing stimuli

and on alterations of action of some hypnotic drugs in

adult animals.

The central noradrenergic system of the newborn

rats was lesioned with a selective neurotoxin, N-(2-

chloroethyl)-N-ethyl-2-bromobenzylamine (DSP-4)

injected on the first and third day of life at a dose of

50 mg/kg sc. To determine the impact of changes in

the central noradrenergic pathway on the central

GABAergic system, behavioral tests and biochemical

studies were performed in adult animals. To examine

epileptic effects, two antagonists of the GABAA

receptor complex, bicuculline (4.5 mg/kg sc, 1.0 mg/kg

sc) and pentetrazol (75 mg/kg ip, 40 mg/kg ip) were

administrated as potential tools to evoke chemical sei-

zures. To estimate hypnotic effects, two agonists phe-

nobarbital (100 mg/kg ip) and ethanol (4.0 g/kg ip)

were used to induce sleep.

The results indicate that lesion of the central nora-

drenergic system in rats in neonatal period attenuates

reactivity of the central GABAA receptor complex in

adult animals and they confirm simultaneously that the

central noradrenergic system plays an important role in

modulation of experimental seizures and sleep induced

by GABAA antagonists and agonists, respectively.
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Effect of baclofen and group I metabotropic glutamate receptors

on rat’s behavior in water maze

Halina Car, Ró¿a J. Wiœniewska
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The balance of inhibitory and excitatory synaptic

transmission plays an important role in learning and

memory. Disturbances of this balance produce cognitive

deficits. In line with this point of view, we suggest that

modulation activity of metabotropic receptors (GABAB

and mGluRs) may take part in spatial learning.

Baclofen, an agonist of GABAB receptor, disinhib-

its neurons of the hippocampus, an essential structure

for spatial learning [Florian and Roullet, Behav Brain

Res, 2004] and dose-dependently influences behavior

of rats in water maze [McNamara and Skelton, Phar-

macol Biochem Behav, 1993].

The role of mGluRs in spatial learning is still un-

clear. The group I/II mGluR-specific an agonist,

ACPD and antagonist, MCPG, were reported to have

detrimental effects on learning in water maze [Bordi et

al., Neuropharmacology, 1996; Pettit et al., Neurosci Lett,

1994; Richter-Levin et al., Neuropharmacology, 1994].

The present investigation assessed the effects of

baclofen (0.25 mg/kg), the selective group I mGluR

agonist DHPG (1 nmol icv) and antagonists: AIDA

(100 nmol icv), MPEP (1 mg/kg iv) and LY367385

(5 nmol icv), given alone or jointly with baclofen on

spatial learning in the Morris water maze.

Baclofen and all tested antagonists of group I

mGluRs did not influence acquisition of spatial mem-

ory. DHPG prolonged significantly the escape latency

and travelled distance in the first session on the 1st

day of training. Co-administration of baclofen with

DHPG prolonged travelled distance. Baclofen given

with AIDA prolonged latency escape in the first ses-

sion on the 1st day of training.

Hypoxia produced disturbances in excitatory and

inhibitory transmission and impaired spatial learning.

Baclofen given alone improved but DHPG itself or

given jointly with baclofen impaired hypoxia-induced

deficit of spatial learning.

We suggest that effect of baclofen on spatial learn-

ing is probably mediated by presynaptic GABAB re-

ceptors whose activity is changed by hypoxia. The

impairing effects of DHPG and AIDA given alone or

with baclofen confirms the previous reports and tested

hypothesis.
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Neonatal noradrenergic lesion modified reactivity of the 5-HT1A

receptors in adult rats

Joanna D¹browska, Przemys³aw Nowak, Aleksandra Bortel, Gra¿yna Szczerbak, Ryszard Brus
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It is well established that the central serotonergic sys-

tem is under control of various classes of receptors,

but mainly 5-HT1A receptors located in the raphe nu-

clei, from where serotonergic pathways project to the

medial prefrontal cortex, hippocampus, striatum,

amygdala etc. Serotonin (5-HT) and noradrenaline

(NA) systems appear in the median and dorsal raphe

reciprocal regulatory connections. It has been demon-

strated that endogenous NA displays a tonic facilita-

tory control of serotonergic neuron activity in the dorsal

raphe via �1-, but inhibitory control via �2-adreno-

ceptors.
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Accordingly, the aim of this study was to investi-

gate the effect of neonatal N-2-(chloroethyl)-N-ethyl-

2-bromobenzylamine (DSP-4) treatment on the reac-

tivity of the central serotonergic 5-HT1A receptors in

rats. Noradrenergic neurotoxin DSP-4 50 mg/kg sc

was administered on the first and third day of life

30 min after zimelidine (10 mg/kg sc) injection. Zi-

melidine was used to prevent 5-HT depletion. The fol-

lowing serotonergic ligands were used: R-(+)-8-OH-

-DPAT a potent, full 5-HT1A receptor agonist, and

WAY 100635 a 5-HT1A receptor antagonist.

It is well known that 5-HT1A receptors located pre-

synaptically in the raphe nuclei are involved in the

regulation of 5-HT synthesis. HPLC analysis of

L-5-hydroxytryptophan (5-HTP) accumulation after

NSD1015 (100 mg/kg ip) injection revealed that

R-(+)-8-OH-DPAT (0.03 mg/kg sc) significantly de-

creased the 5-HT synthesis rate in the rat striatum, hypo-

thalamus, frontal cortex of control rats, whilst this effect

was much less pronounced in DSP-4-lesioned animals.

In the microdialysis study of medial prefrontal cortex

(mPFC), R-(+)-8-OH-DPAT (0.1 mg/kg sc) caused a de-

crease in 5-HT dialysate level to 15.4% and 48.4% of

baseline for control and DSP-4-treated rats, respec-

tively. The maximal effect was observed 80 min after

R-(+)-8-OH-DPAT injection in both cases.

These biochemical results may suggest down-

regulation of the central 5-HT1A receptors in DSP-4-

lesioned rats. To figure out which type of receptor is in-

volved, (pre- or postsynaptic), behavioral tests were

conducted. Hyperphagia is known to be mediated by

presynaptic 5-HT1A receptors. In this experiment

R-(+)-8-OH-DPAT (0.015 mg/kg sc) caused hyperphagia

of control rats, while did not change feeding of

DSP-4-treated animals. On the contrary, in behavioral

studies for evaluation of postsynaptic 5-HT1A recep-

tors, e.g. hypothermia, flat body posture, reciprocal

forepaw treading, R-(+)-8-OH-DPAT (0.1 mg/kg sc)

injection did not produce any significant difference

between control and DSP-4-lesioned animals.

In conclusion, the nature of this phenomenon is attrib-

utable to presynaptic adaptive mechanism and strongly

suggests desensitization of the raphe nuclei 5-HT1A auto-

receptors of rats with neonatal noradrenergic lesion.
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Effect of peptide histidine-isoleucine (PHI) and peptide

histidine-methionine (PHM) on cAMP formation and protein

kinase A (PKA) activity in mammalian central nervous system

Agnieszka Dejda1, Jerzy Z. Nowak1,2
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Peptide histidine-isoleucine (PHI) and its human ana-

logue peptide histidine-methionine (PHM) are mem-

bers of a superfamily of structurally related peptides

embracing also pituitary adenylate cyclase-activating

polypeptide (PACAP) and vasoactive intestinal pep-

tide (VIP). Similarly to PACAP and VIP, PHI and

PHM are widely distributed throughout the body tis-

sues [central nervous system (CNS), gastrointestinal

tract, respiratory system, genitourinary system], and

display a pleiotropic biological activity [Dejda et al.,

Postêpy Hig Med Doœw, 2004]. Recently, their neuro-

trophic and neuroprotective properties have been postu-

lated [Soko³owska et al., Postêpy Hig Med Doœw, 2004;

Dejda et al., Pharmacol Rep, 2005].

Our earlier studies focused on biochemical effects

of PHI in the mammalian CNS have shown its stimu-
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latory action on cAMP generating system [Dejda and

Nowak, XIV Meeting Eur Neuropeptides Club,

2004]. Based on further radioreceptor studies carried

out with [125I]VIP as a radioligand, we have assumed

that this effect is connected with the VPAC-type re-

ceptors known to be linked to adenylyl cyclase

(AC)/cAMP signaling pathway [Zawilska et al., J Mol

Neurosci, 2005]. In this work, we decided to examine

the effects of three forms of PHI, i.e. porcine (pPHI),

human (PHM) and rat (rPHI), as well as PACAP and

VIP (used for comparison), on cAMP-dependent pro-

tein kinase (PKA) in slices of the selected CNS tis-

sues of both rat and guinea pig, using [�-32P]ATP and

kemptide as substrates.

In agreement with earlier findings, all the tested

peptides (0.3–5 �M) dose-dependently stimulated

cAMP synthesis in both cerebral cortex and hypo-

thalamus of the two species. These peptides also

stimulated PKA activity in the rat and guinea pig cere-

bral cortex, displaying among the tested PHI peptides

the following rank order of potency: pPHI > PHM >

rPHI. When used at 5 �M concentration, these PHI pep-

tides tested in rats produced effects stronger in the cere-

bral cortex than in the hypothalamus, whereas PACAP

and VIP produced stronger effects in the hypothalamus.

Our results show that in the mammalian CNS, at least

some biological effects of PHI/PHM, may involve the

activation of receptor-coupled AC/cAMP/PKA sig-

naling cascade.

���������	
����

9� ���!� :�� ��������! '� ��  ����� ��/ $ ���� �-� $+ ��!
��/ , ���0 ��+ $� 	��� �� ����� 0�������� 	�� �������	��
.������� 3���4�:�� ��#��!/

Comparison of influence of clozapine, haloperidol and risperidone

on lipid peroxidation in human plasma. An in vitro study

Anna Dietrich-Muszalska, Jolanta Rabe-Jab³oñska
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Membrane dysfunction can be secondary to free

radical-mediated pathology, and may contribute to

specific aspects of schizophrenic symptomatology

and complications of its treatment. Specifically, free

radical-mediated abnormalities may contribute to the

development of a number of clinically significant

consequences, including prominent negative symp-

toms, tardive dyskinesia (TD), neurological “soft”

signs and parkinsonian symptoms. Oxidative injury in

schizophrenia can be caused by pathophysiological

processes of disease and probably by treatment with

antipsychotic drugs, which can worsen results of

pharmacotherapy and course of schizophrenia.

According to Lohr et al. [Biol Psychiatry, 1990]

and Pai et al. [Biol Psychiatry, 1994], oxidative stress

is involved in the toxicity of haloperidol. Experimen-

tal study in animals showed an elevated level of lipid

peroxidation and peroxidative neuronal injury caused

by haloperidol [Sagara, J Neurochem, 1998]. Based

on the increased oxidative stress in the brain after

chronic treatment with haloperidol and fluphenazine

in rats, and the increased lipid peroxidation in cere-

brospinol fluid (CSF) and plasma of TD patients, neu-

roleptic treatment-mediated oxidative injury was sug-

gested in TD [Cadet and Lohr, Trends Neurosci, 1986].

Treatment with clasical neuroleptics, for example

haloperidol, is connected with a risk of development

of significant side-effects, such as movement disor-

ders, including drug-induced parkinsonism, akathisia,

dystonia, and TD. Atypical neuroleptics, for example

clozapine, do not cause EPS. Treatment with risperi-

done is connected with low risk of development of

EPS, depending on doses of this drug. Atypical neuro-

leptics such as clozapine and risperidone probably

does not influence an increase in oxidative stress,

measured by level of lipid peroxidation.

The aim of the study was to establish whether or

not antipsychotic drugs: a classical neuroleptic – ha-

loperidol and atypical neuroleptics – clozapine and

risperidone affect the level of lipid peroxidation in hu-
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man plasma, measured by concentration of thiobarbi-

turic acid-reactive substances (TBARS).

Methods. The study was carried out in vitro. The

samples of plasma were incubated (1, 6 and 24 h)

with various concentrations of the examined drugs

(which corresponded with therapeutic doses). The

control samples were prepared from plasma without

drugs. In control and examined plasma, after incuba-

tion with a specific concentration of a drug and at an

appropriate time, absorbance of supernatant was de-

termined and level of TBARS was calculated accord-

ing to the methods described by Rice-Evans et al. [in

Techniques in Free Radical Research, Elsevier, 1991].

The level of TBARS in each curve was estimated on

the basis of molar extinction coefficient for TBARS.

Results. Our study showed that 3 examined an-

tipsychotic drugs: haloperidol, clozapine, and risperi-

done had different influence on lipid peroxidation.

Haloperidol induced a significant increase in lipid

peroxidation, contrary to clozapine and risperidone.
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Effect of antidepressant drugs in mice lacking the noradrenaline

transporter, subjected to forced swimming test

El¿bieta Drozdowska1, Zofia Rogó¿1, Joanna Siwanowicz1, Agata Faron-Górecka1,
Heinz Bonisch2, Marta Dziedzicka-Wasylewska1
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The mechanism of action of antidepressant drugs

(ADs) has not been fully understood. One of the main

theories is based on the notion that the neurochemical

background of depression involves an impairment of

central noradrenergic transmission and the concomi-

tant decrease in noradrenaline (NA) concentration in

the synaptic space. Drugs which more or less selec-

tively inhibit the neuronal reuptake of NA, i.e. the NA

transporter (NAT), are used in the treatment of depres-

sion. Recent development of genetically modified mice

lacking the NAT [Xu et al., Nat Neurosci, 2000]

opened new perspectives for studying the role of nora-

drenergic system in the mechanism of action of ADs.

In the present study, we investigated the respon-

siveness of the NAT knock-out mice (NAT-KO) in the

forced swimming test (FST) upon the acute (single

dose) and sub-chronic (7 days) treatment with the fol-

lowing ADs: reboxetine, desipramine and tianpetine.

Locomotor activity of NAT KO mice, measured in

photoresistor actometers, was significantly lower (ca.

30% reduction), as compared to control, wild type

(WT) animals. On the other hand, NAT-KO mice dis-

played significantly shorter immobility time meas-

ured in the FST (lower by 25–30% than WT animals).

In the WT mice, both acute and sub-chronic treat-

ment with reboxetine (20 mg/kg ip), desipramine

(20 mg/kg ip) and tianpetine (25 mg/kg ip) signifi-

cantly shortened the immobility time. Reboxetine was

not effective in the NAT-KO animals, which is consis-

tent with its high selectivity as NAT inhibitor. How-

ever, the less selective NAT inhibitor and tricyclic AD

desipramine, which also blocks various neurotrans-

mitter receptors, was still effective in the NAT-KO

mice. Tianpetine, an enhancer of serotonin reuptake

which does not affect the NAT, belongs to a group of

atypical ADs. This drug, administered acutely and

sub-chronically, significantly shortened immobility

time in WT animals. It was also effective in NAT-KO

mice, however, only after sub-chronic administration.

These results indicate that the effects of the selective

NA reuptake inhibitors, like reboxetine, in the FST in-

deed depends on the presence of NAT. However, the

mechanism of action in the FST of ADs displaying dif-

ferent pharmacological profile needs further elucidation.
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Operant ethanol-reinforced behavior in WHP and WLP lines of rats

Wanda Dyr1, Paulina Rok-Bujko1, Wojciech Kostowski1,2
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A central characteristic of alcoholism is excessively in-

tense alcohol-seeking behavior. An important determi-

nant of this behavior may be a genetic predisposition.

Rats of the selectively bred WHP (Warsaw High

Preferring) line are genetically predisposed to a high

preference for ethanol.

The present study examined the reinforcing effects

of ethanol (EtOH) in rats selectively bred for high

(WHP), vs. low (WLP, Warsaw Low Preferring)

EtOH drinking in operant self-administration para-

digm. The WHP rats have been found to satisfy

a number of criteria thought to be important for an

animal model of alcoholism [Dyr and Kostowski, Pol

J Pharmacol, 2004]. They voluntarily drink high

amount of EtOH per day (5–8 g/kg) and attain rela-

tively high blood EtOH concentration. On the other

hand, the WLP rats consume negligible amounts of

EtOH. The present study evaluated oral self-

administration of EtOH under an operant (lever press-

ing) procedure in WHP and WLP rats. This operant

procedure has been considered as a reliable measure

of the ability of EtOH to function as a reinforcer. This

criterion has been reported to be fulfilled by Indiana

alcohol-preferring (P) rats and Sardinian Alcohol-

Preferring (sP) rats [Vacca et al., Alcohol Clin Exp

Res, 2002]. Rats from WHP and WLP lines were initi-

ated to self-administer 10% EtOH on a fixed-ratio

1 (FR1) schedule (30-min daily sessions) by using the

Samson sucrose fading procedure. Subsequently, ani-

mals were exposed on FR2 and FR4 schedules. The

result indicated the ability of EtOH-preferring WHP

rats to acquire and maintain operant oral self-

administration of EtOH under an FR2 and FR4 sched-

ules of reinforcement. In contrast, EtOH-nonpreferring

WLP rats failed to acquire and maintain EtOH self-

administration. Our results confirm and extend to the

WHP/WLP lines the differential response previously

reported in P/NP, HAD/LAD, AA/ANA and sP/sNP

lines of rats [Vacca et al., Alcohol Clin Exp Res,

2002].
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In vitro studies of physical interaction of dopamine D1 and D2

receptors

Agata Faron-Górecka1, Joanna Andrecka2, Zygmunt Wasylewski2, Maciej Kuœmider1,
Marta Dziedzicka-Wasylewska1
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From the behavioral studies, it has been known that

both dopamine (DA) D1 and D2 receptors have to be

stimulated in order to realize proper DA functioning.

This phenomenon is known as obligatory synergism.

It had been not so evident before the role of endoge-

nous DA was taken into account, since its basal level

is efficient to stimulate DA D1 receptors. Despite ex-

tensive biochemical and electrophysiological studies,

the molecular mechanism of this phenomenon has not

been fully elucidated. In the light of the new data indi-

cating that DA D1 and D2 receptors may be co-

localized on the same neurons [Aizman et al., Nat Neu-
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rosci, 2000], as well as taking into account the re-

cently emerging hypotheses concerning homo- and

hetero-dimerization of G protein-coupled receptors

[Franco et al., Trends Biochem Sci, 2003], we investi-

gated the possibility of D1 and D2 receptor physical

interaction.

The present studies of D1/D2 receptor interaction

were done in HEK 293 cell line transiently transfected

with the fusion proteins, i.e. D1 receptor tagged with

Yellow Fluorescence Protein, YFP (D1-YFP) and D2

receptor tagged with Cyan Fluorescence Protein, CFP

(D2-CFP). The binding parameters, using appropriate

ligands ([3H]spiperone for D2 and [3H]SCH23390 for

D1 receptor) have been measured for fusion receptor

proteins used in the present study, and the results indi-

cate no difference in binding parameters for native

and fusion receptor proteins. For studies of physical in-

teraction of DA D1 and D2 receptor proteins, the fluores-

cence resonance energy transfer (FRET) was employed,

with the use of steady-state fluorescence spectroscopy as

well as time-resolved fluorescence lifetime measure-

ments, and additionally, of confocal microscopy.

All fluorescence techniques mentioned above show

independently that physical interaction of D1 and D2

receptors takes place in the membranes of HEK 293

cells. This interaction is enhanced by DA and by DA

receptor agonists, quinpirole (D2) and chloro-APB

(D1). The interaction was the most pronounced when

both D1 and D2 receptor agonists were administered

jointly. The significance of the data obtained in the

present study for the DA D1/D2 synergism observed in

the behavioral studies will be discussed.

Influence of AIDA on the behavioral activity of rats with

experimental chronic hyperammonemia

Ma³gorzata Fedosiewicz-Wasiluk, Emilia Grzêda, Agnieszka Nadlewska, Ró¿a J. Wiœniewska
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The influence of the blockade of group I metabotropic

glutamate receptors (mGluRs) with (RS)-1-ami-

noindan-1,5-dicarboxylic acid (AIDA) on behavioral

activity was tested in rats with experimental chronic

hyperammonemia (chHA).The experiments were per-

formed on adult male Wistar rats. Experimental chHA

was induced by intraperitoneal injection of ammo-

nium acetate (12 mmol/kg) for five consecutive days.

The blood ammonia level was measured by blood am-

monia test. In rats treated with ammonium acetate,

a marked increase in blood ammonia was observed

(352 � mol/l, in control rats it was 75 �mol/l). AIDA

was administered into the lateral ventricle of the brain

(icv) at a dose of 100 nmol per single rat in the vol-

ume of 5 �l, 15 min before experiments [Christoffersen

et al., Neuropharmacology, 1999]. Control rats received

saline (0.9% NaCl ) icv in the volume of 5 �l. We used

the following methods: the open field test, the elevated

“plus” maze test, and the passive avoidance test.

We observed that ammonium acetate significantly

decreased the number of crossed fields, rearings and

bar approaches in the open field test, so chHA signifi-

cantly reduced locomotor and exploratory activity. In

the elevated “plus” maze test, ammonium acetate

shorted the time spent in the open arms and decreased

the number of entries into these arms, thus chHA had

an anxiogenic-like influence in this test. Furthermore

ChHA had influence on memory of rats, because it

significantly decreased acquisition, consolidation and

recall of a passive avoidance responses.

AIDA significantly decreased the number of

crossed fields, rearings and bar approaches in the con-

trol. In rats with chHA, it significantly elevated all pa-

rameters, so it increased locomotor and exploratory

activity in this test. In the elevated “plus” maze, in the

control, AIDA did not significantly change the time

spent in the open and closed arms and the number of

entries into the open and closed arms so it did not sig-

nificantly influence all parameters in this test. AIDA

shorted only the time spent in the open arms in chHA.

In the passive avoidance test, AIDA given in control

rats decreased acquisition and retrieval, but signifi-

cantly prolonged the time to entrance to dark compart-
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ment in consolidation processes. In rats with chHA, it

elevated acquisition and recall but not consolidation.

chHA changed influence of AIDA on the locomo-

tor and exploratory activity. AIDA intensified an

anxiogenic-like influence of chHA in the elevated

“plus” maze test. Furthermore, chHA changed influ-

ence of AIDA on memory processes in the passive

avoidance test.
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Effects of GABAB receptor ligands and the GABAB positive

modulator on cocaine-seeking behavior in rats

Ma³gorzata Frankowska, Ma³gorzata Filip, Ewa Nowak, Karolina Wydra, Edmund Przegaliñski
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Cocaine is the most powerful addictive substance in

humans, and provides a high risk of relapse. In co-

caine addicts, exposure to the drug-associated stimuli

(e.g. drug paraphernalia, drug taking environment) or

to the drug itself elicits intense craving and increases

the probability of relapse after prolonged abstinence.

A lot of efforts have been done to prevent subjective

effects of craving in cocaine addicts, however, poor

understanding of potential neurobiological mecha-

nisms of this phenomenon makes current therapies

non-effective. Converging evidence implicates the

mesolimbic dopamine system in seeking-behavior

controlled by cocaine itself or by conditioned stimuli,

however, recent studies suggest that activation of

GABAergic neurotransmission and especially GABAB

receptors may inhibit the maintenance of cocaine

self-administration and reinstatement of drug-seeking

behavior in rats [Brebner et al., Psychopharmacology,

2000; Kreshner et al., J Pharmacol Exp Ther, 1999].

We used an extinction/reinstatement task in co-

caine self-administration model and investigated the

effects of the GABAB receptor agonists (baclofen and

SKF 97541), the GABAB receptor positive modulator

(CGP 7930) and the GABAB receptor antagonist

(SCH 50911) on drug-controlled or drug-associated

cue-controlled cocaine-seeking behavior in rats. Ani-

mals were trained to self-administer cocaine under FR 5

schedule of reinforcement and the ability of GABAB

receptor ligands to change cocaine-maintained respond-

ing was examined. Baclofen (1.25–2.5 mg/kg), SKF

97541 (0.01–0.1 mg/kg), CGP 7930 (10–30 mg/kg) at-

tenuated responding maintained by 0.5 mg/kg per injec-

tion of cocaine, while SCH 50911 (5–10 mg/kg) did

not alter cocaine reinforcement. Both baclofen

(1.25–5 mg/kg) and SKF 97541 (0.03–0.1 mg/kg) re-

duced the priming effects of cocaine (10 mg/kg, ip) and

decreased the cocaine-associated cue-controlled cocaine

seeking behavior. SCH 50911 did not alter cocaine-

maintained seeking behavior.

The present study indicates that the direct GABAB

receptor agonists and the GABAB positive modulator

decrease the maintenance of cocaine self-administration

and the propensity to the drug- and cue-induced drug

seeking and relapse. Our findings may suggest that

activation of GABAB receptor may hold promise as

potential pharmacotherapies for cocaine abuse.
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Erk1/2 kinases and calcineurin-dependent mechanisms involved

in the cytoprotective effect of cyclosporin A on astrocytes

exposed to simulated ischemia in vitro

Bo¿ena Gabryel, Anna Pude³ko, Andrzej Ma³ecki
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Neuroprotective effect of cyclosporin A (CsA) has

been reported in many experimental models of ische-

mia in vivo and in vitro, although the precise mecha-

nisms are unclear. Findings from experiments carried

out in several laboratories suggested the possible CsA

therapeutic usage as a protective agent against not only

neuronal but also glial cell disturbances after ischemic

brain injury [Matsuda et al., J Neurochem, 1998].

We evaluated the mechanism of cytoprotective ef-

fect of CsA on the primary rat astrocyte cultures in

a model of simulated ischemia in vitro. To study these

mechanisms, the CsA-mediated modulation of the ex-

tracellular signal-regulated kinases 1 and 2 (Erk1/2)

and calcineurin (CaN)-dependent pathways was de-

termined. On the 21st day in vitro, cultures of astro-

cytes were subjected to ischemia-simulating condi-

tions (92% N2, 5% CO2, 3% O2 at 37°C) for 8 h and

exposed to CsA (0.25, 1 and 10 �M) [Gabryel et al.,

Eur J Pharmacol, 2004].

Simulated in vitro ischemia caused death of 35%

of astrocytes via apoptosis and decreased cell viability

by about 50% at 8 h. It was shown that at the low con-

centrations (0.25 and 10 �M) CsA significantly pro-

tected glial cells in vitro against ischemic injury but at

the concentration of 1 �M, it did not elicit this posi-

tive effect. It was demonstrated that 0.25 �M CsA

stimulated Erk1/2 pathway in astrocytes exposed to

simulated ischemia in vitro. This protective effect of

CsA is apparently independent of CaN inhibition, but

is strongly associated with prevention of a drop in mi-

tochondrial transmembrane potential (MTP) and

caspase-3 activation as well as an increase in expres-

sion of anti-apoptotic factors like Bcl-XL and NF-�B.

Moreover, on the basis of the obtained results, we sug-

gest that distinct protective effect observed at a higher

level of CsA (10 �M) in culture medium might be

a result of the mechanism associated with CaN inacti-

vation in ischemic glial cells, but it its also possible

that this effect is dependent to a significant extent on

immunosuppressive effect of the drug.
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Role of GABAergic neurotransmission in the discriminative

stimulus and sensitizing effects of cocaine in rats

Anna Go³da, Ma³gorzata Frankowska, Ma³gorzata Filip, Karolina Wydra, Edmund Przegaliñski
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A wealth of data show that the mesolimbic dopamine

neurotransmission is of primary importance for the

generation of behavioral effects of cocaine; however,

the utility of dopamine ligands as effective pharmaco-

therapeutic medications seems to be limited [Klein,

Ann NY Acad Sci, 1998]. Recent data indicate that

cocaine-dependent responses may be influenced by

the manipulation of other neurotransmitter systems, in

particular by drugs specific to GABA synapses [Breb-

ner et al., Psychopharmacology, 2000; Kushner et al.,

J Pharmacol Exp Ther, 1999].

The present study investigated the effects and role

of GABAergic neurotransmission and the GABAB re-

ceptor agonists and modulator on the discriminative
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stimulus and sensitizing, effects of cocaine in male

Wistar rats. To this end we used the GABA releaser

(gabapentin), GABA reuptake inhibitor (tiagabine),

GABA transaminase inhibitor (vigabatrin), the

GABAB receptor agonists (baclofen and SKF 97541)

and GABAB positive modulator (CGP 7930). In rats

trained to discriminate between cocaine (10 mg/kg)

and saline, none of the investigated drugs substituted

for cocaine, but in combination studies baclofen

(1.25–5 mg/kg) and SKF 97541 (0.03–0.1 mg/kg), but

not gabapentin, vigabatrin or tiagabine, attenuated the

effects of cocaine (1.25–5 mg/kg).

Repeated administration (1–5 days) of cocaine

(10 mg/kg) to rats significantly enhanced the locomo-

tor activation induced by its challenge dose

(10 mg/kg) given after 5-day withdrawal (on day 10).

Given in combination with cocaine (days 1–5), baclo-

fen (2.5–5 mg/kg) or SKF 97541 (0.03–0.1 mg/kg) re-

duced the locomotor effects of the cocaine challenge dose

(development of sensitization). Acute treatment with ga-

bapentin, tiagabine, or the GABAB receptor agonists on

day 10 decreased the response to cocaine in rats treated

repeatedly with cocaine (expression of sensitization).

Our results indicate that increases in GABA neuro-

transmission and GABAB receptor function reduce

the subjective and sensitizing effects of cocaine.

These findings apparently suggest that such treat-

ments produce clinically relevant modulation of co-

caine reinforcement and relapse.
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Withdrawal from chronic administration of drugs of abuse

increases anxiety-like behavior in rats

Piotr Gruca, Ewa Litwa, Magdalena £asoñ, S³awomir Mrowiec, Mariusz Papp
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An increase in the level of anxiety is one of the clini-

cally significant components of abstinence syndrome

observed in people during withdrawal from chronic

drug abuse. However, in contrast to physical symp-

toms, changes in anxiety associated with withdrawal

following chronic use of psychoactive substances

have not been well examined in animals. The present

study was, therefore, designed to characterize the be-

havior of male rats withdrawn from chronic admini-

stration of various drugs of abuse in two models: the

Vogel conflict test and the elevated plus-maze test.

Separate groups of animals were administered twice

daily with morphine (10 mg/kg), nicotine (2.5 mg/kg), di-

azepam (10 mg/kg), or amphetamine (1.5 mg/kg) for two

weeks. This administration procedure has been previously

shown to induce physical symptoms of withdrawal pre-

cipitated by naloxone (2 mg/kg), mecamylamine

(2 mg/kg) or flumazenil (15 mg/kg); 24 and 72 h after

the last injection the animals were placed in an appropri-

ate apparatus and tested for 5 min.

In the elevated plus-maze, the number of open arm

entries was significantly decreased in animals with-

drawn from chronic administration of diazepam, nico-

tine and amphetamine. This effect was observed 1 day

after withdrawal from diazepam, nicotine and am-

phetamine, and 3 days after withdrawal from diaze-

pam. On the contrary, withdrawal from chronic mor-

phine did not change the open arm entries at any time

points.

In the Vogel test, the number of punished licks was

significantly decreased at both 1 and 3 days of with-

drawal from chronic administration of diazepam,

morphine, nicotine and amphetamine.

These results indicate that animals withdrawn from

chronic administration of various drugs of abuse show

a state of enhanced anxiety, which is independent of

the pharmacological profile of the psychoactive sub-

stance, and is maintained for at least 3 days after ces-

sation of drug administration.
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Extracellular signal-regulated kinase and protein kinase A in

chemically induced long-term potentiation in rat motor cortex

Ma³gorzata Grzegorzewska, Grzegorz Hess
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Studies on the in vitro hippocampal preparations have

established a key role of the extracellular signal regulated

kinase (ERK) and protein kinase A (PKA) in the induction

of long-term potentiation (LTP), considered a cellular

model of learning and memory. However, the mechanisms

of neocortical synaptic plasticity remain less understood.

Brief application of tetraethylammonium (TEA,

25 mM) or elevation of extracellular calcium ion con-

centration (5 mM) results in a long-lasting potentiation

of synaptic transmission in layer V horizontal connec-

tions within the motor cortex in the rat brain slices.

The induction of both forms of chemically induced

potentiation could be prevented by the inhibitors of

the upstream activator of ERK 1/2, MEK (ERK ki-

nase), U0126 (20 �M) and PD 98059 (50 �M). Phos-

phoERK2 immunoreactivity was transiently increased

above baseline levels 15 min after termination of the

exposure of slices to either TEA or elevated calcium

concentration. Both forms of potentiation were par-

tially occluded by Sp-adenosine 3’,5’-cyclic monophos-

phorothioate triethylammonium salt (Sp-cAMPS;

100 �M), an activator of PKA, and they were blocked af-

ter preincubation with Rp-adenosine 3’,5’-cyclic mono-

phosphorothioate triethylammonium salt (Rp-cAMPS;

100 �M), a specific inhibitor of PKA activation by

cAMP.

These results indicate that the activation of PKA

and the ERK cascade are required for two forms of

chemically induced long-lasting increases in synaptic

efficacy in slices of the rat motor cortex.

Influence of agonists of D1, D2, D3 dopamine receptors on visual

evoked potentials (VEP) after neonatal lesion of the noradrenergic

neurons in adult rats: A preliminary communication

Ewa Herba1, Dorota Pojda-Wilczek1, Katarzyna Makowiecka-Obidziñska1,
Agata R. Plech1, Stefan M. Pojda1, Ryszard Brus2
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In earlier studies, we have reported about an influence of

catecholamines on visual evoked potential (VEP), namely

its increase after small and decrease after high doses of

norepinephrine (NE) its increase after dopamine (DA)

[Herba et al., Klin Oczna, 2000; Pojda-Wilczek et al., Pol

J Envir Stud, 1999]. Moreover, Plech [Pol J Pharmacol,

2001] described that the visual transmission in lateral

geniculate bodies was mainly mediated by D1 receptors.

The purpose of this paper was to determine the

changes in VEP after subcutaneous (sc) injections of

SKF 38393, 7-OH-DPAT or quinpirole (LY).

Two groups of Wistar rats (DSP-4 group n = 9 and

control one n = 4) were used in the study in the De-

partment of Pharmacology in Zabrze [Labus et al., Pol

J Pharmacol, 2003].

All everyday injections of agonists were done

30 min after chloral hydrate anesthesia. Ten minutes

later the electrophysiological studies of VEP were

performed every 5 min during 1 h. Every rat was

tested according to the following schedule:

1st day – the intraperitonal (ip) injection of 0.9%

NaCl (0.1 ml/100 g),

2nd day – the sc injection of SKF 38393

(1.0 mg/kg/1 ml),

4th day – the sc injection of 7-OH-DPAT

(2.0 mg/kg/1 ml),
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6th day – the sc injection of LY (1.0 mg/kg/1 ml).

The rats have a rest on 3rd and 5th days.

Latency of VEP. The latencies of the peaks N1 and P2

were shortened after all agonists compared to control: after

SKF N1 to 83.6% and P1 to 88%, after 7-OH-DPAT N1 to

91% and P1 to 94% and after LY to 84% and P1 to 90%.

Amplitude of VEP. The amplitudes of N1 increased

after SKF injection to 186%, after 7-OH-DPAT to

204% and after LY to 192%. The amplitudes of P1

also increased respectively to 131%, 121% and 135%

compared to the control.

Conclusion. Stimulation of DA receptors D1, D2 and es-

pecially D3 in rats with neonatal lesion of the noradrenergic

neurons considerably improved the VEP response.

Propofol protects cultured rat astroglia against tert-butyl

hydroperoxide-induced oxidative stress and apoptosis

Adam Ho³ownia, Jan J. Braszko
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Propofol (2,6 diisopropylphenol), a rapidly acting intra-

venous anesthetic agent, may act as a free radical scav-

enger. The aim of the present study was to assess the ef-

fect of propofol on oxidative stress induced by tert-butyl

hydroperoxide (tBH) in cultured rat astroglial cells.

Glial cell cultures were prepared from the cerebral

hemispheres of 1-day-old Wistar rats. To induce oxi-

dative stress, 14 days old confluent astroglial cells

were preincubated for 4 h with 1 mM tBH in the pres-

ence or absence of different concentrations of propo-

fol. tBH cytotoxicity was determined by quantifica-

tion of the cellular DNA, using propidium iodide

staining and flow cytometry and by MTT test. Cells in

early stages of apoptosis were quantified by Annexin

V-staining while H2DCFDA was used to detect the

generation of reactive oxygen intermediates. Altera-

tions in astroglial mitochondrial transmembrane po-

tential (��m) were measured using carbocyanine dye

(JC-1) and mitochondrial permeability transition

(MPT) was assessed in a cell-free system at 520 nm.

tBH induced oxidative stress in cultured astroglia

resulting in time- and dose-dependent cytotoxicity, de-

creased mitochondrial ��m, increased MPT and apopto-

sis. These effects were significantly attenuated by clini-

cally relevant concentrations of propofol, except for

tBH-induced alterations of MPT in the cell-free system.

Our results suggest that propofol may have a pro-

tective effect against excessive apoptosis seen in

some neurological diseases.
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Influence of blockade of D1 dopamine receptor on the

behavioral effects of angiotensin II and its fragment 3–7 in rats

Zdzis³aw Ho³y, Ró¿a Wiœniewska
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The present study investigated the angiotensin II (Ang

II)- and its fragment 3–7 [Ang II (3–7)]-induced be-

havioral activity, particularly related to memory pro-

cesses, after blockade of D1 dopamine receptor . Ex-

periments were performed on adult male Wistar rats.

Blockade of D1 receptor was evoked by intraperito-

neal injection of SCH23390 (SCH) at the dose of

0.5 mg/kg. Thirty minutes later the animals were

given icv solution containing 1 nmole of Ang II or

Ang II (3–7). Emotional memory was examined in the

passive and active avoidance situation. The T-maze

was used to test the working memory motivated appeti-

tively. Moreover, the speculative influence of the treat-

ment on anxiety and motor activity was tested in the

elevated ‘plus’ maze and in open field, respectively.

We observed that administration of both angio-

tensin II and its fragment significantly improved ac-

quisition, consolidation and recall of a passive avoid-

ance tasks. Moreover, Ang II and Ang II (3–7) increased

acquisition of conditioned avoidance responses (CARs).

In the T-maze both angiotensins produced an insig-

nificant increase in working memory. Estimation of

the fear reactions proved that Ang II but not Ang II

(3–7) produced anxiolytic-like effect. In the open

field, Ang II and Ang II (3–7) increased locomotor

activity. Blockade of D1 dopamine receptor by SCH

given alone did not significantly alter the locomotor

activity, behavior in passive avoidance tasks, acquisi-

tion of CARs and working memory. However, pre-

treatment with SCH abolished the increasing effect of

both angiotensins on the acquisition of CARs and its

facilitative effect on the working memory and per-

formance of the passive avoidance tasks. Moreover,

the pretreatment with SCH inhibited the anxiolytic-

like effect of Ang II and increasing effect of both

angiotensins on the locomotor activity.

Accordingly, these data indicate that D1 dopamine re-

ceptor participates in the memory improving effects of

Ang II and its fragment 3–7.

���������	
����

9�� ���!� :�� ��������! '� ��  ���� ��/ ,*��+��& 	��� ��
"�!���# ���������� �	 
��1����2/

Antiepileptic drugs blocking voltage-dependent sodium

channels increase synthesis of kynurenic acid in vitro

Tomasz Kocki, Ewa M. Urbañska, Marian Wielosz, Waldemar A. Turski
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Kynurenic acid (KYNA) is the only, endogenous broad-

spectrum antagonist of excitatory amino acid receptors,

known until now, displaying the highest affinity towards

the glycine site of N-methyl-D-aspartate (NMDA) recep-

tor. KYNA is synthesized mainly within astrocytes by

kynurenine aminotransferases (KAT I and II) from its

bioprecursor, L-kynurenine. In various experimental

paradigms, KYNA acted as a potent neuroprotective and

anticonvulsive compound. We have previously demon-

strated that carbamazepine, an antiepileptic drug act-

ing via blockade of voltage-dependent sodium channels,

increases production of KYNA in vitro. In this study, the

influence of other antiepileptics blocking voltage-

dependent sodium channels, i.e. phenytoin and lamotrig-

ine on the brain production of KYNA was evaluated.

In cortical slices, phenytoin at the concentration of

1, 3 and 5 mM enhanced KYNA synthesis to 127

(p < 0.01); 138 (p < 0.001) and 145% (p < 0.001) of
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control, respectively. Similarly, lamotrigine at the

concentration of 1, 3 and 5 mM increased KYNA pro-

duction to 125 (p < 0.01), 131 (p < 0.001) and 136%

(p < 0.001) of control, respectively. The activity of

KAT I was increased by phenytoin at the concentra-

tion of 1, 3 and 5 mM to 123 (p < 0.01), 155

(p < 0.001) and 168% (p < 0.001) of control, respec-

tively. Lamotrigine used at the concentration of 1, 3

and 5 mM also enhanced the activity of KAT I to 142

(p < 0.001), 149 (p < 0.001) and 151% (p < 0.001) of

control, respectively. In contrast, neither phenytoin

nor lamotrigine affected the activity of KAT II.

Our data suggest that the antiepileptic activity of drugs

blocking voltage-dependent sodium channels might also

involve the stimulation of kynurenic acid production,

most probably via enhancement of KAT I activity.
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The hippocampus and cocaine reward: effects of ventral

hippocampal lesions

Paulina Ko³omañska1, Edyta Wyszogrodzka1, Teresa Wierzba-Bobrowicz2,
Wojciech Kostowski1,3, Roman Stefañski1,3
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Accumulating evidence has indicated that the ventral

hippocampus importantly modulates the mesolimbic

dopamine system and is involved in mediating instru-

mental behavior maintained by primary rewards in-

cluding drugs. However, no behavioral studies have been

conducted to test this hypothesis. In the present experi-

ment, we investigated the effects of ibotenic acid-induced

lesions of the ventral hippocampus on instrumental behav-

ior reinforced by intravenous cocaine injection.

Male, Sprague-Dawley rats were used as subjects.

Rats were randomly assigned to groups subjected to

either bilateral sham operations (n = 15) or ibotenic-

acid lesions of the ventral hippocampus (n = 17),

according to the protocol developed by Jarrard

[J Neurosci Methods, 1989]. Three months after the

operation, a silastic catheter was implanted into the

external jugular vein, as described previously [Ste-

fañski et al., Eur J Pharmacol, 1999]. Self-admi-

nistration sessions were conducted in 14 standard op-

erant chambers equipped with two nose-poke oper-

anda. Responding on one of the holes (defined as

“active”) resulted in cocaine delivery to the animal,

whereas responding on the other hole (defined as

“inactive”) was recorded but not reinforced. Rats

were allowed to acquire self-administration of co-

caine at the dose of 0.3 mg/kg/injection. Once re-

sponding was initiated, the number of responses re-

quired to produce each injection was gradually in-

creased over a two-week period to a final value of

FR-5 (every fifth response produced an injection). At

the conclusion of the behavioral testing, the animals

that had received ibotenic acid lesions of the ventral

hippocampus were sacrificed and the brains were

removed. Representative sections were cut at 60 mm

on a microtome and stained with hematoxylin-eosine.

Hippocampal damage was scored upon visualiza-

tion of neuronal loss in the hippocampal tissue.

Lesioned rats responded at higher rates during acqui-

sition and maintenance of cocaine self-administration

and tended to acquire self-administration faster. The

present data indicate that the ventral hippocampus is

involved in acquisition and maintenance of cocaine

self-administration and contains a mechanism that

facilitates learning of instrumental behavior main-

tained by cocaine reward.
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Caffeine as a marker substance for testing the activities of

cytochrome P-450 (CYP) isoenzymes in rats

Marta Kot, W³adys³awa A. Daniel
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Using cDNA-expressed rat CYPs, we previously

showed that CYP1A2 was the main enzyme catalyz-

ing the 1-N- and 8-hydroxylation of caffeine. CYP1A2

and CYP2C11 significantly contributed to 3-N-de-

methylation, while isoforms of the CYP2C subfamily

(mainly CYP2C6 and CYP2C11) were the main en-

zymes catalyzing 7-N-demethylation. The aim of the

present study was to determine whether the same CYP

isoform profile can be observed with regard to the ca-

talysis of caffeine metabolic reactions in the liver.

The experiment was carried out on male Wistar

rats. Caffeine metabolism was studied: 1) in control

liver microsomes in the absence or presence of the

specific metabolic inhibitors: �-naphthoflavone 0.1 �M,

sulfaphenazole 5 �M, cimetidine 100 �M, quinine

10 �M and erythromycin 400 �M, or in the micro-

somes of rats pretreated with trans-1,2-dichloroethylene

(100 mg/kg ip); 2) in the liver microsomes of rats

treated with one of the following metabolic inducers:

�-naphthoflavone 100 mg/kg ip for 4 days, phenobar-

bital 100 mg/kg ip for 4 days, ethanol 3 g/kg po for

3 days or pregnenolone-16�-carbonitrile 100 mg/kg

ip for 4 days. The amounts of metabolites formed in

vitro were measured using the HPLC method.

�-Naphthoflavone (a CYP1A inhibitor) inhibited

1-N-, 3-N-, and 7-N-demethylation and the 8-hy-

droxylation of caffeine, exerting the most potent effect

on 8-hydroxylation and the weakest one on 7-N-de-

methylation. Sulfaphenazole (a CYP2C6 inhibitor)

and cimetidine (a CYP2C6 and 2C11 inhibitor) inhib-

ited 7-N-demethylation, the latter inhibitor being also

active, though, to a smaller degree against 3-N-de-

methylation. Erythromycin (a CYP3A inhibitor) showed

a weak inhibitory effect on 1-N-demethylation and

8-hydroxylation, while quinine (a CYP2D inhibitor)

and trans-1,2-dichloroethylene (a CYP2E1 inhibitor)

were inactive. �-Naphthoflavone (mainly a CYP1A

inducer) potently accelerated all the reactions tested,

the effect on 7-N-demethylations being the weakest.

Pregnenolone-16�-carbonitrile (mainly a CYP3A in-

ducer and CYP2C11 inhibitor) moderately induced

8-hydroxylation only. Phenobarbital (an inducer of

CYP2B and other CYPs and a CYP2C11 inhibitor)

moderately stimulated the oxidation pathways of caf-

feine, except for 7-N-demethylation. Ethanol (mainly

a CYP2E1 inducer) modestly increased the rate of the

studied reactions, except for 8-hydroxylation.

The obtained results confirm the importance of

CYP1A2 for 1-N- and 3-N-demethylations and 8-hy-

droxylation, as well as of CYP2C for the 7-N-demethy-

lation and 3-N-demethylation of caffeine. They also

show that the 8-hydroxylation of caffeine is a better

marker reaction than 3-N-demethylation for testing the

activity of CYP1A2, since the former reaction is more

efficiently and specifically catalyzed by CYP1A2. Thus,

besides CYP1A2, caffeine may also be used to

roughly evaluate the activity of CYP2C.
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Time-dependent effects of desipramine in rats

Maciej Kuœmider, Agata Faron-Górecka, Joanna Siwanowicz, Marta Dziedzicka-Wasylewska
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Antidepressant drugs (ADs) need to be administered

for at least a few weeks for clinical efficacy. There-

fore, it has been widely accepted that adaptive changes

in the central nervous system take place, and, at least

some of these changes, are important for antidepressant

action. We have shown in previous behavioral studies

that down-regulation of presynaptic dopamine D2 and

D3 receptors was observed not only after repeated ad-

ministration of ADs, but also after their single dose, fol-

lowed by two drug-free weeks. Similar effects were ob-

served at the level of �2-adrenergic receptors.

Forced swimming test (FST) is one of the behav-

ioral tests most widely used to screen an antidepres-

sant efficacy. Porsolt et al. [Eur J Pharmacol, 1978]

showed that a single injection of ADs reduced immo-

bility time in a dose-dependent manner, but a more

pronounced and consistent effects were observed fol-

lowing three administrations in rats. Repeated treat-

ment with most ADs induces similar reduction in the

immobility time as three doses of the drug, however,

desipramine (DMI) is more effective following

chronic treatment. Therefore, we have chosen DMI to

study its effect in the FST after repeated (14 days) ad-

ministration, in comparison to a single dose of DMI

followed by 13 drug-free days.

Control group of animals (drug-naive rats) received

14 ip injections of saline. Chronically treated group of

animals received 14 daily administrations of DMI

(20 mg/kg ip); another group was treated with the sin-

gle dose of DMI (20 mg/kg) on day 1, followed by 13

drug-free days. FST was also performed in classical

manner, i.e. after three doses (10 mg/kg ip) of DMI at

the end of treatment.

Three doses of DMI induced ca. 30% reduction of

immobility time as compared with drug-naive rats.

Effect of chronic treatment with DMI was signifi-

cantly greater (ca. 70% reduction vs. drug-naive ani-

mals). These results remain in agreement with data

published by others. In the group treated with a single

dose of DMI, followed by 13 drug-free days, and then

subjected to FST, we observed a reduction in the

immobility time and the effect was almost identical as

the effect induced by chronic treatment with DMI.

From these results, it may be concluded that acute

treatment with DMI seems to be sufficient to trigger

at least some changes necessary for observation of

the drug efficacy in the FST, as a function of time, re-

gardless of whether it is again administered, provid-

ing a possible explanation for the delayed therapeutic

effect of the drug.

Effects of some neuroactive steroids on hydrogen peroxide-

induced toxicity in human neuroblastoma SH-SY5Y cells

Monika Leœkiewicz, Magdalena Tetich, Bogus³awa Budziszewska, Agnieszka Basta-Kaim,
Marta Kubera, Lucylla Jaworska-Feil, W³adys³aw Lasoñ
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Neuroactive steroids are precursors or metabolites of

steroid hormones, which regulate activity of the cen-

tral nervous system via nongenomic interaction mainly

with GABAA and glutamate receptors. Previously, we

found that neuroactive steroids attenuated kainate-

and NMDA-induced seizures and neurodegeneration

in rodents. However, efficacy of neuroactive steroids

in preventing neuronal damage induced by other neu-

rotoxic agents has not been elucidated.

In the present study, we evaluated effects of four

neuroactive steroids on hydrogen peroxide (0.5 mM)-

evoked lactate dehydrogenase (LDH) release in hu-
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man neuroblastoma SH-SY5Y cells. Dehydroepian-

drosterone sulfate (DHEAS) (0.1–10 �M) inhibited

the hydrogen peroxide-induced LDH release in a dose-

dependent manner, whereas at higher concentration

(50 and 100 �M) it was less active. Dehydroepian-

drosterone (DHEA) and pregnenolone (0.01–100 �M)

showed similar, although weaker than DHEAS neuro-

protective effects. In contrast, allopregnanolone (0.01

–10 �M) failed to affect the neuronal survival and, at the

highest concentration (100 �M), it even slightly aggra-

vated the hydrogen peroxide neurotoxicity.

These data indicate that excitatory neuroactive steroids

(DHEAS, DHEA, pregnenolone) but not an inhibitory

neuroactive steroid – allopregnanolone significantly pro-

tect SH-SY5Y cells against free radical- related damage.
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Melatonin has a potent activity in a place preference

conditioning, which depends on the time of its administration

Ewa Litwa, Piotr Gruca, Magdalena £asoñ, S³awomir Mrowiec, Mariusz Papp
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In addition to the well-known chronobiotic and sleep-

promoting activities of melatonin, a number of its

other effects have been recently described in animals.

For example, melatonin, as well as some of its syn-

thetic agonists, has been reported to be active in mod-

els used to test anticonvulsant, analgesic, antidepres-

sant and anxiolytic actions of drugs. If all these activi-

ties of melatonin in animals find confirmation in the

controlled clinical trials, the range of therapeutic indi-

cations for both acute and chronic treatment with this

drug may increase dramatically. This raises the prob-

lem of toxicology and adverse side-effects in patients

undergoing short- and long-term melatonin therapy,

and although this drug appears to be well tolerated

and to produce relatively mild unwanted effects, the

number of such reports is surprisingly small.

A conditioned place preference paradigm was used

to evaluate potential rewarding properties of mela-

tonin. The conditioning with melatonin was carried out

in two periods of the 12-h light/dark cycle: in the morn-

ing (08.30–10.00) and in the evening (18.30–20.00).

Morning administration of melatonin (2.5, 5 and

10 mg/kg) did not support conditioned place prefer-

ence. In contrast, evening conditioning with mela-

tonin caused a clear shift towards the drug-paired

side. This effect was dose-dependent; higher doses of

2.5, 5, 10 and 50 mg/kg induced conditioned prefer-

ence while lower doses of 0.5 and 1 mg/kg were inef-

fective. The increase in the side preference induced

by the two most effective doses of melatonin (i.e. 10

and 50 mg/kg) were comparable to that induced by

1 mg/kg of amphetamine, and was significantly at-

tenuated by the melatonin antagonist, S 22153

(20 mg/kg). In chronic experiment, evening melatonin

(10 mg/kg) caused similar increase in the time spent

on conditioned side both in animals administered ve-

hicle for 7 days and in rats receiving 10 mg/kg of

melatonin for the same period of time.

Potent activity in the PPC model suggests that

melatonin may have rewarding properties, and no tol-

erance to this effect develops following repeated pre-

exposure to the drug. These findings may indicate

abuse liability of melatonin, and, therefore, its use by

humans should require a careful monitoring for abuse

and/or dependence.
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Internal clock versus environmental light: circadian aspects

of melatonin synthesis in the turkey pineal gland and retina

Anna Lorenc1, Ma³gorzata Bereziñska1, Jolanta B. Zawilska2,3
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Circadian rhythms are internally generated, circa 24-h

rhythms, displayed by a great variety of biochemical,

physiological and behavioral functions in virtually all

organisms. In most of avian species, they are generated

by internal clocks localized in the hypothalamus, pin-

eal gland and/or retina, and synchronized by external

stimuli such as the daily cycle of light [Nichelmann et

al., Comp Biochem Physiol A Mol Integr Physiol,

1999]. One of the most common circadian rhythms

observed in vertebrates is that of melatonin (MEL), an

indoleamine hormone produced by the pineal gland

and retina. The rate of MEL formation is regulated

primarily by serotonin N-acetyltransferase (AANAT),

the penultimate enzyme in the hormone biosynthetic

pathway. Although rhythmic MEL production has

been studied in pineal glands of several birds, so far

the MEL-generating system in the avian retina has

been investigated only in a few species. Thus, the aim

of our work was to examine AANAT activity and

MEL content in the pineal gland and retina of turkey,

an avian species whose several physiological pro-

cesses are controlled by day lenght. In order to inves-

tigate whether the parameters under study display di-

urnal or circadian rhythmicity, they were measured in

tissues isolated at regular time intervals from birds

kept under artificial light-dark cycle and under con-

stant darkness.

In the studies on daily rhythmicity, turkeys main-

tained under a photoperiodic regime of 12 h light: 12

h dark (LD; with lights on from the Zeitgeber time,

ZT, 0) were decapitated at 3 h intervals over a 24-h

period. In the experiments on circadian rhythmicity,

birds following adaptation to the LD cycle were kept

in constant darkness (DD). During the last day of LD

cycle and for two consecutive days of DD turkeys

were decapitated at 6 and 3 h intervals, respectively.

Pineal glands and retinas were quickly isolated and

used for determination of AANAT activity [Nowak et

al., Neurochem Int, 1989] and MEL content [Rudolf

et al., Brain Res, 1992].

The turkey pineal gland and retina rhythmically

produce MEL. In animals kept under LD illumination

cycle, AANAT activity and MEL content in the pineal

gland and the retina were high during the dark phase

and low during the light phase of the cycle. The dif-

ferences between the peak (ZT 18) and nadir (ZT9)

values were: pineal gland, 8.3-fold for AANAT and

17-fold for MEL; retina, 4.3-fold for AANAT and

16.5-fold for MEL. Rhythmic oscillations in AANAT

activity and MEL concentration in the turkey pineal

gland and retina were circadian in nature as they per-

sisted under conditions of DD. In both tissues,

AANAT activities and MEL concentrations were low

during the subjective light phase and high during the

subjective dark phase. However, transferring the birds

from LD into DD conditions resulted in a potent de-

cline in the amplitudes of AANAT and MEL rhythms

(by 70–80%), already seen on the first day of DD.

This rapid dampening of the studied rhythms, which

is in contrast to changes observed in the cock [Zawil-

ska and Wawrocka, Neurosci Lett, 1993], pigeon

[Hasegawa and Ebihara, Neurosci Lett, 1992], and

house sparrow [Brandstätter, J Neuroendocrinol,

2003], suggests that in the turkey endogenous biologi-

cal clocks responsible for rhythmic MEL production

are probably less effective than the clocks in other

avian species examined thus far. It appears likely that

environmental lighting conditions play a crucial role

in regulating MEL rhythm in the turkey.
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The effects of cocaine binges on the expression of CDK5 and its

activator p35 in various region of rat brain

Katarzyna Markowicz-Kula, Agnieszka Chocyk, Marzena Maækowiak, Krzysztof Wêdzony

&�'������� �	 �������#� � ��! 
���� 
������������ ���������� �	 �������#� �� )�������� �	 �������#� �� ��#�� ���!���
�	 ��������� ��=��� �$� �& ,�*,�, >��2?:� ��#��!

Recently, it has been demonstrated that CDK5

(cyclin-dependent kinase 5) may play important role

in cocaine addiction. It has been shown that behavior-

ally induced sensitization to locomotor stimulant ef-

fects of cocaine is followed by enhancement of the

expression of CDK5 in the nucleus accumbens (NAC)

and the striatum (STR) of mice. In order to find fur-

ther arguments about involvement of CDK5 in pro-

cess of addiction in the present study we investigated

whether cocaine binge/s which evoked desensitization

to the locomotor stimulant effects of cocaine would

also influence expression of CDK5 and its activator

p35 in the amygdala (AMG), prefrontal cortex

(MPC), NAC and the STR. With the aims of specific

antibodies and western blot techniques it was found

that in the AMG single (3 × 20 mg/kg ip, at 1h inter-

vals) and repeated (3 × 20 mg/kg ip, at 1 h intervals,

for five consecutive days) binge/s of cocaine de-

creased expression of CDK5 protein. In the MPC only

exposure to repeated binges decreased the content of

CDK5 protein. Binge/s of cocaine also altered expres-

sion of CDK5 activator p35 protein. In the AMG only

repeated binge/s decreased the expression of p35

while in the MPC decrease was observed after single

and repeated exposure to binge/s of cocaine. Neither

in the NAC nor in the STR single or repeated binge/s

of cocaine modified the expression of CDK5 and p35.

In conclusions: cocaine given in binge/s may influ-

ence the expression of CDK5 and p35, and the dy-

namic of the above effect depends on the specific

brain region and may be observed after acute and re-

peated exposure to cocaine.

Single baclofen administration does not affect acamprosate

involvement in short-term memory of Wistar rats

Przemys³aw Miko³ajczak, Irena Okulicz-Kozaryn, Micha³ Szulc, Ewa Kamiñska,
Karina Nowojska, Dorota Sad³owska, Teresa Bobkiewicz-Koz³owska

���������� �	 �������#� �� ��4��C ���������� �	 "�!���# ��������� .�2������2� ��� �& +�*(�+ ��4��C� ��#��!

It is believed that cognitive processes represent an es-

sential link between the drug stimulus, pharmacologi-

cal processes and response controlling addictive be-

havior [Franken, Prog Neuropsychopharmacol Biol

Psychiatry, 2003]. Therefore, an assessment of the in-

volvement of agents used in the treatment of alcohol

craving in learning and memory seems to be appropri-

ate. Acamprosate is a taurine derivative indicated for

use in the maintenance of abstinence from alcohol

[Kenna et al., Am J Health Syst Pharm, 2004]. In one

of our previous reports, we have found that the multi-

ple acamprosate treatment facilitates short-term mem-

ory [Mikolajczak et al., Eur J Pharmacol, 2002]. Al-

though the precise mechanism of action of acampro-

sate is still unknown [Adde-Michel et al., Neurosci

Lett, 2005], some studies have implicated a role of its

interaction with N-methyl-D-aspartate or GABAB re-

ceptors or both [Berton et al., Alcohol Clin Exp Res,

1998; Spanagel et al., Nat Med, 2005]. Since baclofen

(GABAB agonist) has been promising in relapse pre-

vention in a number of substance dependence disor-

ders [Colombo et al., Eur J Pharmacol, 2004; Palomo

et al., Neurotox Res, 2004] and there are no available

data concerning the effect of baclofen on short-term

memory, therefore, the aim of this study was to evalu-

ate the interaction of baclofen and acamprosate in ol-
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factory social memory test used as a model of short-

term memory.

Adult male Wistar rats were treated with acampro-

sate (500 mg/kg/day, po) or vehicle for 21 consecutive

days (21×) before the short-term memory evaluation

in social recognition test [Thor and Holloway, J Comp

Physiol Psychol, 1982]. Additionally, baclofen (1.0

mg/kg, ip) was given once to another group treated

with acamprosate (21 ×), on the last day of the treat-

ment. Dose-effect (0.5–8.0 mg/kg, ip) relationship of

a single injection of baclofen was also established.

Moreover, using actometr, ”chimney test” and elevated-

plus maze test, we assessed locomotor activity, motor

coordination and anxiety-related reactions of rats,

respectively.

It was found that the acute administration of baclo-

fen in the applied dose range caused an improvement

of social memory, however, on the basis of the data

from the other behavioral tests, it was concluded that

the effect was specific only at the lowest doses (0.5

and 1 mg/kg). Therefore, in further investigations, ba-

clofen dose of 1 mg/kg was considered appropriate.

The multiple acamprosate treatment did not disrupt

social memory of rats when given alone and the effect

was not affected by its combined administration with

baclofen. Moreover, the combined treatment of acam-

prosate with baclofen in a manner used in this study

did not impair motor coordination and locomotor ac-

tivity of rats and did not alter significantly the values

obtained in the elevated plus-maze test.

In conclusion, it may be postulated that the use of

acamprosate in combination with baclofen does not

seem to be connected with any negative effects on

short-term memory, however, detailed assessment of

acamprosate-baclofen interaction, especially in alco-

hol-dependent animals is an important subject for fu-

ture investigation.
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Age-related macular degeneration: pathogenesis and therapeutic

strategies for today and future

Jerzy Z. Nowak
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Age-related macular degeneration (AMD) is a disease

leading to severe visual loss and legal blindness in

people over 50. Although our understanding of mo-

lecular events linked to AMD has grown in the last

decade, its pathogenesis remains puzzling. Obviously,

it is multifactorial, involving a complex interaction of

metabolic, functional, genetic and environmental fac-

tors, which may be in line with its diverse clinical pic-

ture. Two distinct types of AMD are recognized: dry

(non-exudative) and wet (exudative), the former being

characterized by a progressive atrophy of the retinal

pigment epithelium (RPE) with a subsequent loss of

photoreceptors and changes in the Bruch’s membrane

and choriocapillaries, and the latter being linked to

the choroidal neovascularization directed to the macu-

lar region, with subsequent bleeding and/or fluid leak-

age. Dry AMD is the most common form, yet it may

change to a wet form. It is generally accepted that the

impairment of RPE cell functions is an early and cru-

cial event in the molecular pathways leading to clini-

cally relevant AMD changes. Such a view has its ra-

tionale in the fact that RPE serves a variety of meta-

bolic functions that are of vital importance for retinal

photoreceptors, including maintenance of the outer

blood-retina barrier, participation in the visual cycle

(uptake, processing, transport and release of vitamin

A derivatives), and phagocytic uptake and degrada-

tion of constantly shed photoreceptor outer segments.

One of driving forces of the RPE dysfunction is age-

dependent phagocytic and metabolic insufficiency of

RPE cells, leading to a progressive accumulation of

lipofuscin granules. Lipofuscin contains a mixture of
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various biomolecules, mainly proteins and lipids,

which may form aggregates and are modified by oxi-

dative processes as a result of both exposure to visible

and UVA light and high oxygen levels in eye. Recent

experimental findings linked to lipofuscinogenesis

and cytotoxic potential of lipofuscin constituents (e.g.

A2E) suggest that this process – running in parallel

with (or resulting from) senescence of postmitotic

RPE cells – may be a significant contributor to the

process of AMD development. Another pathogenic

component of AMD are druzen composed of insolu-

ble material (e.g. oxidized lipoproteins) – likely origi-

nating in majority from degenerated RPE cells – accu-

mulating in the form of packed amorphous deposits

between RPE and the Bruch’s membrane. As AMD

progresses, druzen typically increase in size and

number, eventually compromising the function of the

RPE. Recent evidence indicates that early extracellu-

lar deposits (future druzen) probably generate local

inflammation and activate immunological processes

which may accelerate and deepen pathological pro-

cesses underlying the development of AMD. Despite

all achievements in the field of AMD, there are no ef-

fective therapies for dry form of the disease, and the

treatments of the wet form are only modestly success-

ful. Thus, novel therapeutic strategies, both pharma-

cological and surgical, are highly needed. Concerning

the current knowledge of molecular background of

the two forms of AMD, some practical suggestions

are likely to emerge soon, with antiangiogenic ap-

proaches, including photosensitizers (e.g. vertepor-

fin)-based photodynamic therapy, steroids, non-

steroidal anti-inflammatory drugs, targeted molecular

therapy, being – as we would like to hope – promising

alternatives.
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Interactions of tobacco smoke, nicotine and mood-normalizing

drugs in their effects on memory processes in rats

El¿bieta Nowakowska1, Krzysztof Kus1, Anna Czubak1, Hanna Hertmanowska2, Ewa Florek3
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Olanzapine (OLA) is a new mood-normalizing agent

with 5-HT2, D1, D2, D4 antagonist activity and cho-

linergic properties. OLA induces catalepsy at higher

doses [Moore et al., J Pharmacol Exp Ther, 1992]

which indicates that, like clozapine, OLA will

produce fewer extra-pyramidal side-effects. The mem-

ory-improving activity was postulated mostly on the

basis of its clinical effects.

Central nicotinic systems have been shown in ex-

perimental and clinical studies to play an important

role in cognitive function [Rezvani et al., Psychophar-

macology, 2002]. Nicotinic acetylcholine receptors also

mediate reinforcing properties of nicotine in tobacco

products [Benowitz et al., Prog Brain Res, 1989].

The purpose of this study has been to investigate

the interactions between olanzapine and pure nicotine

that might affect learning and memory processes. It

also seems important to investigate the effects of to-

bacco smoke on learning and memory processes and

whether OLA can modify memory processes in rats

exposed to tobacco smoke.

The Morris water maze test was carried out in fe-

male 180–200 g Wistar rats exposed and non-exposed

to tobacco smoke (1500 mg CO/m3 of air).

OLA (0.5 mg/kg) was administered to female Wis-

tar rats ip 25 min before the tests, for 14 days. Nico-

tine ditartrate (NIC), 0.2 mg/kg, was injected subcuta-

neously 20 min before the test.
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Tobacco smoke exposure resulted in worsening of spa-

tial memory in the Morris test. NIC improved spatial

memory, OLA improved memory only after chronic treat-

ment. Joint administration of OLA and NIC enhanced

memory improvement-induced by OLA or NIC alone.

The results support the involvement of nicotinic

systems in memory processes in rats.

In conclusion, memory improvement following joint

administration of OLA and nicotine may depend on NIC

interactions with dopaminergic and serotonergic systems.
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Effect of chronic treatment with perazine on lipopolysaccharide-

induced brain interleukin-1� and interleukin-10 levels in rats

Ewa Obuchowicz1, Agnieszka Marcinowska1, £ukasz Drzyzga1, Jacek Wójcikowski2,
W³adys³awa A. Daniel2, Zbigniew S. Herman1
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In recent years, clinical studies have provided

a number of indications that schizophrenia may be ac-

companied by alterations in cytokine network, sug-

gesting suppression of some immune functions and

activation of others [Gaughran, Int Rev Neurobiol,

2002]. Until now, the effect of antipsychotic drugs on

the circulating amounts of cytokines and on the stimu-

lated cytokine production ex vivo has been studied

[Pollmacher et al., J Psychiatr Res, 2000]. Cytokines

produced in the brain influence neurotransmission

and neuroendocrine pathways, and, therefore, may be

relevant to schizophrenia [Muller and Ackenheil,

Prog Neuropsychopharmacol Biol Psychiatry, 1998].

In the present study, we sought to determine whether

chronic treatment with perazine alters the lipopolysac-

charide (LPS)-increased levels of a pro-inflammatory

cytokine, interleukin-1� (IL-1�) in the rat hypothala-

mus, striatum, hippocampus and frontal cortex.

Experiments were carried out on male Wistar rats.

Perazine dimaleate at a dose of 15 and 30 mg/kg/day

was given in drinking water for 21 days. Dosage used

was corrected by weight and daily intake of water

every day. Concentrations of perazine and its main me-

tabolites (5-sulfoxide and N-desmethylperazine) in the

plasma and brain was assessed by HPLC as described

previously [Daniel et al., J Pharm Pharmacol, 2001].

Rats were sacrificed 2 h after LPS injected ip at

a dose of 125 �g/kg. The brain structures were dis-

sected out after localization according to the stereo-

taxic atlas of Paxinos and Watson [1986]. The levels

of IL-1� and IL-10 were measured using ELISA kits

(R&D) in the tissue homogenates prepared as de-

scribed by Deak et al. [Brain Res, 2003].

The obtained results showed that the administered

doses produced low concentrations of perazine and its

metabolites in the rat plasma and brain which were

much lower than those determined in blood plasma of

psychiatric patients and in the rat brain after ip

multiple perazine administrations. Long-term treat-

ment with perazine at a dose of 15 mg/kg/day had no

effect on LPS-produced increase in the brain IL-1� and

IL-10 levels. Treatment with perazine at a dose of

30 mg/kg/day significantly reduced LPS-stimulated pro-

duction of IL-1� in the hypothalamus and a tendency for

decrease in the LPD-induced IL-1� levels in the stria-

tum and frontal cortex was also observed.

Our study has shown for the first time that continu-

ous administration of perazine modulates reactivity of

brain cells producing cytokines and suggest that

IL-1� may be involved in the mechanism of action of

this neuroleptic.
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Behavioral effects in FosB-knockout mice

Maria Osikowicz1, Joanna Mika1, Wojciech Solecki1,2, Tomasz Krówka1,2,
Jakub Kubik2, Barbara Przew³ocka1
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Acute administration of drugs of abuse causes rapid

and transient induction of several Fos and Jun pro-

teins. Fos family may play a role in mechanisms of

brain plasticity and addiction. FosB appears to be

critically involved in neuronal adaptations to drugs of

abuse. Interestingly � FosB is unique among these

proteins because its strong accumulation in the tissue

results from the lack of the C-terminal domain of

FosB. It is already known that �FosB expression is

significantly increased in response to chronic expo-

sure to several drugs of abuse, e.g. cocaine, opiates,

nicotine [Nye et al., J Pharmacol Exp Ther, 1995; Nye

et al., Mol Pharmacol, 1996; Pich et al., Science,

1997]. It is very interesting that morphine induces ac-

cumulation of �FosB predominantly in the nucleus

accumbens and dorsal striatum and �FosB increases

selectively within a subpopulation of neurons contain-

ing the substance P and dynorphin [Chao and Nestler,

Annu Rev Med, 2004]. Up until now, the functional

significance of �FosB in phenomena related to drug

dependence remains unclear. To clarify the contribu-

tion of FosB to learning/memory, morphine analgesic

effects and tolerance to morphine-induced analgesia,

we used mice lacking fosB. These mice were origi-

nally obtained from a hybrid 129sv and BalB/c

(Kaczmarek, Nencki Institute, Warszawa, Poland).

Behavior of these knockout mice (males and females)

was investigated in the elevated plus maze test and in

the tail flick test. The reaction to morphine was stud-

ied after its single injection (3 or 10 mg/kg ip) and

during development of morphine tolerance (10 mg/kg

ip for 15 days). Additionally, the changes in body

temperature after morphine treatment were also meas-

ured. In the elevated plus maze test, there were sig-

nificant differences in transfer latencies in the acquisi-

tion trial in comparison with the retention trial in

wild-type and heterozygotes, but not in fosB-

knockout mice. We also observed significant differ-

ences between wild-type and fosB-knockout mice af-

ter a single morphine injection in analgesia and body

temperature. Surprisingly, the tolerance developed

similarly in all experimental groups in spite of accu-

mulation of �FosB after chronic morphine admini-

stration, reported by other authors. Our result suggest

an important role of FosB in learning/memory and

morphine acute effects.
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Repeated administration of citalopram decreases the

responsiveness of rat hippocampal 5-HT7 receptors

Patrycja Pitra, Ma³gorzata Grzegorzewska, Krzysztof Tokarski, Grzegorz Hess
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Repeated administration of tricyclic antidepressants

(TCAs), but not selective serotonin reuptake inhibi-

tors (SSRIs), results in an enhancement of the effect

of postsynaptic 5-HT1A receptor activation on the ex-

citability of rat hippocampal neurons. On the other

hand, repeated administration of both TCAs and

SSRIs results in a reduced effectiveness of hippocam-

pal postsynaptic 5-HT4 receptor activation. Recent

studies have shown that the 5-HT7 receptor is also in-

volved in modulation of excitability of hippocampal
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neurons and that a TCA, imipramine, reduces the

5-HT7 receptor-mediated responses.

The present study was aimed at finding the effects

of a SSRI, citalopram, administered repetitively for

14 days. Animals received citalopram twice daily (10

mg/kg po, dissolved in 2 ml of water). Hippocampal

slices were prepared two days after the last drug ad-

ministration. Spontaneous epileptiform bursts were

recorded from the CA3 area of slices under nominally

Mg2+-free incubation conditions. 5-Carboxamido-

tryptamine (5-CT) dose-dependently increased bursting

frequency in the presence of N-{2-[4-(2-methoxy-

phenyl)-1-piperazinyl]ethyl}-N-2-pyridinylcyclohexane

carboxamide (WAY 100635). This effect could be

dose-dependently blocked by (2R)-1-[(3-hydroxy-

phenyl)sulfonyl]-2-[2-(4-methyl-1-piperidinyl)ethyl]-

pyrrolidine hydrochloride (SB 269970), thus, impli-

cating the involvement of 5-HT7 receptors. The exci-

tatory effect of 5-CT on epileptiform activity was sig-

nificantly attenuated in slices prepared from brains of

rats treated with citalopram.

The influence of the interferon therapy on activity of visual

system in patients treated due to chronic viral hepatitis type C

Dorota Pojda-Wilczek, Stefan M. Pojda, Ewa Herba, Barbara Zatorska, Agata R. Plech,
Katarzyna Makowiecka-Obidziñska, Wojciech Jêdrzejewski
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During the interferon treatment a lot of ophthalmic

side-effects were observed.

The most frequent ones are “interferon-associated

retinopathy” and neurovisual impairment.

The former may be related to intra-arterial obstruc-

tion (secondary to complement activation and im-

mune complex depositions) and vascular endothelial

cell proliferation leading to capillary nonperfusion

and ischemia [Hejny et al., Am J Ophthalmol, 2001;

Sander et al., Klin Monatsbl Augenheilkd, 2004]. In

the late period of the therapy neurovisual changes

(visual acuity, color vision and visual field distur-

bances) were frequently observed [Schulman et al.,

Ophthalmology, 2003]. Interferon alfa has a neuro-

toxic influence on central nervous system through

changes in secretion other cytokins [£apiñski et al.,

Pol Merk Lek, 1999], as well as to the stimulating ef-

fect on opiate and serotonin receptors.

The studies have not answered so far which part of

the visual system is being deteriorated by the inter-

feron treatment.

The purpose of this study was to estimate the influ-

ence of interferon therapy on retina, optic nerve and

central visual pathway. In order to differentiate side-

effects of interferon on retina and central visual sys-

tem, the electrophysiological tests: PERG (Pattern

Electroretinography) and PVEP (Pattern Visual Evo-

ced Potentials) have been performed. PERG repre-

sents function of the retina gangion cells. PVEP gives

the information about function of visual pathway and

activity of visual cortex.

Patients and methods. Seventeen patients treated

with interferon alfa (34 eyes) were examined. Pattern

ERG and VEP tests were determined before, during

and 1–2 months after the therapy (months “0”, “3”,

“13”). The amplitude and latency of P50 and N 95 of

PERG and P100 of PVEP were analyzed using t-test

for paired data.

Results. No differences in P50 and N 95 latency

and also in N 95 amplitude in PERG were observed.

P50 amplitude was significantly lower in the second

and in the third-test then in the first examination. In

PVEP, the highest P100 amplitude and the longest la-

tency were recorded in the second examination

(p < 0.01) after all stimulation durations (from 105 to

14 min). In the last examination, statistically signifi-

cant differences (p < 0.01) were found in P100 ampli-

tude only after stimulation for about 14 min (the am-

plitude was lower after the treatment).

Conclusions. Microangiopathy caused by inter-

feron may lead to ischemia of ganglion cells and irre-

versible deterioration of their activity, especially in
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the macular region. The longest latency P100 is

probably the consequence of subclinical retinal dys-

function and conductivity impairment in the central

visual system during the therapy. Despite the low

ganglion cell activity, the amplitude of the cortex re-

sponse has been increased during the time of inter-

feron therapy. This observation may be a result of di-

rect exciting influence of interferon on the central

nervous system activity [Born et al., Clin Physiol Bio-

chem, 1989].

The impact of prenatal dexamethasone on the development

of rat cortex

Aleksandra Przyborowska, Katarzyna Fija³, Krzysztof Wêdzony

&�'������� �	 �������#� � ��! 
���� 
������������ ���������� �	 �������#� �� )�������� �	 �������#� �� ��#�� ���!���
�	 ��������� ��=��� �$� �& ,�*,�, >��2?:� ��#��!

There are clinical suggestions that prenatal exposure to

glucocorticoids (dexamethasone, DEX) may have influ-

ence on the development of the central nervous system

and subsequently that the above treatment can evoke

disturbance in the cerebral cortex formation. Therefore,

the present study was undertaken to investigate whether

prenatal DEX has impact on neurogenesis and fate of

newborn neurons in the cortex of rat embryos and pups.

Pregnant rat dams were injected ip with DEX

(0.1 mg/kg ip) from day 11 post conception till parturi-

tion. In order to measure neurogenesis and fate of new-

born neurons, pregnant rat dams were injected with

a thymidine analog, bromodeoxyuridine (BrdU) accord-

ing to two different schedules enabling measurement of

rate of proliferation, and analysis of particular stages of

cerebral cortex formations/migration of neurons. BrdU

(50 mg/kg, ip) was given ip to pregnant dams two days

before removing embryos (first schedule) and appear-

ance of BrdU-labeled cells was examined on days E14,

E18 and E20. At all time points DEX-treated groups

demonstrated statistically significant reduction in the

number of BrdU-labeled cells in comparison to con-

trol groups. The second schedule of BrdU application

was used to analyze neuronal migration in the devel-

oping cortex and showed that when BrdU (50 mg/kg,

ip) was given on E15 and E16 and its expression was

examined on E20 and P12 DEX caused reduction in

the number of BrdU-labeled cells. Moreover, we ob-

served that DEX also influenced the laminar positioning

of neurons in developing cortex. The above findings

were in line with the observation that DEX evoked frag-

mentation of nestin, a marker of radial glial cells which

serve as a guiding cables for migrating neurons. On the

other hand, we did not observe any differences in

number of Cajal-Retzius cells i.e. releen positive cells,

between the examined groups. Our findings indicate

that DEX may influence the development and lamina-

tion of the cerebral cortex, acting on different stages

of neurogenesis.
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Different effects of transcranial magnetic stimulation (TMS) and

electroconvulsive shock (ECS) given separately or in combination

with paroxetine on proliferative response of rats’ lymphocytes

Adam Roman, Irena Nalepa
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Depressive disorders are associated with abnormal

functions of the immune system and immunosuppres-

sion as well as with pathological activation of some

indices of immunoreactivity [Maes, Prog Neuropsy-

chopharmacol Biol Psychiatry, 1995]. It has been

demonstrated that pharmacotherapy of depression re-

sults in normalization of some disturbed indices of

immunoreactivity [Leonard, Prog Neuropsychophar-

macol Biol Psychiatry, 2001]. The aim of the present

study was to assess the effect of chronic administra-

tion of TMS or ECS, given separately or in combina-

tion with paroxetine, on the proliferative response of T

and B lymphocytes induced in vitro by mitogenic

stimulation.

Male Wistar rats (250–280 g) were kept under stan-

dard conditions. All treatments were applied once

daily throughout 12 consecutive days. For magnetic

stimulation, a prototype stimulator MS-3 was used

[Zyss et al., in: Non-linear electromagnetic systems.

ISEM ‘99. Studies in applied electromagnetics and

mechanics. IOS Press, 2000]. The rats receiving TMS

were restrained and alternating magnetic field

(B = 1.2 T, f = 30 Hz) was applied for 330 s. Control

rats received sterile distilled water ip (2 ml/kg) and

were immobilized in the tubes for 330 s and exposed

to the same noise artifacts as animals receiving TMS.

ECS (150 mA, 50 Hz, 0.5 s) was generated by the

GE-01 apparatus and was administered through ear

clips. Control rats received injections of distilled wa-

ter (ip) and sham-ECS (without electric impulses).

For combined treatment, paroxetine (10 mg/kg, ip)

was given 30 min before TMS or ECS.

Twenty four hours after the last treatment rats were

decapitated, and their thymuses and spleens were

aseptically dissected for preparation of cell suspen-

sions for cultures. Proliferative responses of thymo-

cytes (4 × 105 cells per well) to concanavalin A

(Con A, 5 g/ml, mitogenic activation of T lympho-

cytes) and of splenocytes (4 × 105 cells per well) to

Con A (2 �g/ml), lipopolysaccharide (LPS, 5 �g/ml,

a mitogen for B lymphocytes) or pokeweed mitogen

(PWM, 1 �g/ml, activation of both lymphocyte popu-

lations) were determined by a standard assay of

[3H]-thymidine incorporation [Janossy et al., Immunol-

ogy, 1972].

Although neither paroxetine nor TMS, applied for

12 days, affected proliferative response of thymocytes

and splenocytes to mitogenic stimulation, the com-

bined treatment with paroxetine and TMS attenuated

the proliferative response of all tested lymphocyte

populations. Whereas chronically applied ECS sig-

nificantly increased proliferative response of spleno-

cytes to Con A and LPS, the combined treatment in-

duced no changes. Also the proliferative response of

splenocytes to PWM and thymocytes to Con A was

unaffected in all experimental groups in comparison

to control animals.

Our results suggest that TMS- and ECS-induced

modulation of the response of immune system occurs

by different mechanism which in case of TMS de-

pends on the concurrent availability of serotonin.
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Effect of pituitary adenylate cyclase activating polypeptide and

vasoactive intestinal peptide on cyclic AMP formation in C6

glioma cells in early and late passages

Paulina Soko³owska1, Jerzy Z. Nowak1,2
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Pituitary adenylate cyclase activating polypeptide

(PACAP) and vasoactive intestinal peptide (VIP) be-

long to a superfamily of peptide hormones which also

includes secretin, glucagon and growth hormone-

releasing hormone (GHRH) [Sherwood et al., Endocr

Rev, 2000]. Both peptides exert their actions via com-

mon receptors, VPAC1 and VPAC2, which are equally

sensitive to PACAP and VIP. Additionally, PACAP

stimulates PAC1 type receptors which show selective

affinity for PACAP [Vaudry et al., Pharmacol Rev,

2001]. PACAP and VIP have been demonstrated to

potently stimulate cyclic AMP production in different

biological systems [Vaudry et al., Pharmacol Rev,

2001; Nowak and Zawilska, Curr Pharm Des, 2003].

In the present studies, we examined the effect of

PACAP and VIP on cyclic AMP formation in rat C6

glioma cells from passages 12–15 (early) and 120–136

(late). Cyclic AMP formation was measured using

[3H]adenine-prelabeling technique and Dowex-

alumina sequential column chromatography for the

[3H]nucleotide isolation as described in detail earlier

[Nowak and Sêk, J Neurochem, 1994]. PACAP

(0.1 �M) and VIP (1 �M) strongly stimulated cyclic

AMP synthesis in C6 cells in early passages, whereas

given to C6 cells in late passages, they showed no ap-

parent action. In contrast to these two peptides,

forskolin (10 �M), a direct activator of adenylyl cy-

clase, strongly and with a similar potency stimulated

cyclic AMP production in both early and late C6 cells

passages. These results suggest a possibility that ei-

ther the density of PACAP/VIP adenylyl cyclase/cy-

clic AMP-linked receptors in rat C6 glioma cells pro-

gressively declines, or the PACAP/VIP receptor-Gs

protein coupling becomes less effective throughout

culture passages. It is suggested that the observed

phenomenon may be of importance in neoplastic

growth of glial cells in mammals.
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[3H]glucose uptake in the brain of rats prenatally exposed to

lead; role of nitric oxide

Gra¿yna Szczerbak1, Przemys³aw Nowak1, Ryszard Szkilnik1, Janusz Konecki2,
Joanna D¹browska1, Aleksandra Bortel1, Adam Kwieciñski1, Ryszard Brus1

����������� �	 �������#� �� "�!���# ���������� �	 ��#����� 5��!��� ,(� �& ��*(�( 6�'�4�� ��#��!% ����������� �	 �����#� �
��! 8�'���#� �� "�!���# ���������� �	 ��#����� 5��!��� �-� �& ��*(�( 6�'�4�� ��#��!

Lead (Pb) is a highly neurotoxic agent in both mam-

mals and human. It is a major contaminant of the

antropogenic environment, due to its high natural

abundance, massive industrial use and being a com-

ponent of paint and a pollutant of crude gasoline. Lead

is transported easily via the circulation and readily

crosses the blood-brain barrier. Many studies have

demonstrated that exposure to environmental lead ad-

versely affects a variety of transmitter systems includ-

ing dopaminergic, noradrenergic, cholinergic and

GABAergic, suggesting that this harmful pollutant af-

fects the central nervous system. The developing
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brain of mammalians is more susceptible to the toxic

effects of lead, as compared to mature brain tissue,

due to a greater uptake of lead by fetal brain, which is

a result of the slow development of the blood-brain

barrier at this stage.

In this study, the effect of lead exposure during

pregnancy on [3H]glucose uptake in the brain of adult

offspring and the role of nitric oxide (NO) in this pro-

cess were investigated in rats. Pregnant Wistar rats

consumed 250 ppm of lead [Pb(CH3COO)2 � 3H2O]

in their drinking water throughout their entire preg-

nancies. On the day of parturition, the lead-containing

water was replaced by tap water, and the offspring re-

mained with their mothers for 21 days. Control preg-

nant rats consumed water without the metal. Adult

male pups from both groups (lead-exposed and con-

trol) were pretreated with 7-nitroindazole (a specific

neuronal NO syntase blocker) at 10.0 mg/kg ip or sa-

line 1.0 ml/kg ip. Then 1h later all rats were injected

with 6-[3H]-D-glucose (Amersham) 500 �Ci/kg ip.

Fifteen minutes later, the animals were sacrificed, and

samples of the brain (frontal cortex, striatum, hippo-

campus, thalamus with hypothalamus, pons, cerebel-

lum) were excised. Radioactivity of the samples was

measured in liquid scintilation counter and the results

were expressed in DPM (desintegrations per minute)

per 100 mg of wet tissue [Szkilnik et al., Pharmacol

Rev Commun, 1999].

The results demonstrate that in adult rats prenatally

exposed to lead, radioactivity in the frontal cortex and

striatum was lower as compared to the control ani-

mals. No significant differences were observed in

other structures of the brain between examined

groups. 7-Nitroindazole significantly increased radio-

activity in the frontal cortex and striatum of only the

lead-exposed rats. From the above, we concluded that

blockade of neuronal NO synthase modified [3H]glu-

cose uptake, in the brain of rats prenatally exposed to

lead, but not in intact animals.
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Influence of LY 300164 (TALAMPANEL), a novel antiepileptic

drug, on the anticonvulsant activity of newer antiepileptics:

an isobolographic analysis

Mariusz J. Œwi¹der1, Marian Wielosz1, Stanis³aw J. Czuczwar2
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LY 300164 (talampanel) is a newer antiepileptic drug

which acts through the inhibition of AMPA/kainite

receptors. In initial clinical studies, it demonstrated

broad spectrum of anticonvulsant action.

The objective of this study was to isobolographi-

cally evaluate the interactions between talampanel

and a number of antiepileptic drugs against maximal

electroshock (MES)-induced convulsions in mice.

Electroconvulsions were produced by means of an

alternating current (ear-clip electrodes, 0.2-s stimulus

duration, tonic hindlimb extension taken as the end-

point). The isobolographic analysis distinguishes

3 most important types of interactions, among them

the most accepted are: pure additivity, supra-

additivity and sub-additivity. The protective activity

of two-drug mixtures, applied at 3 fixed dose ratio

combinations, was estimated and expressed as the

ED50 values (dose of an antiepileptic drug protecting

50% of animals) of these drugs against MES-induced

seizures in mice. Moreover, the adverse effects were

determined in the chimney test in mice. Interactions be-

tween LY 300164 and topiramate, felbamate and lamo-

trigine showed pure additivity, in both MES and chimney

tests. Also, pharmacokinetic interactions could be ex-

cluded, because there were no changes in the brain or

plasma concentrations of LY 300164 and topiramate.
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Finally, the isobolographic analysis have revealed

that LY 300164 combined with some newer antiepi-

leptics may result in positive (additive) interactions in

clinical practice.

Comparison of methadone and morphine effects on c-Fos

expression in rat brain

Ewa Taracha1, Ma³gorzata Lehner1, Aleksandra Wis³owska-Stanek2, Ma³gorzata Zienowicz2,
Piotr Maciejak1,2, Andrzej Bidziñski1, Anna Skórzewska1, Danuta Turzyñska1, Adam P³aŸnik1,2
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The study was designed to compare the pattern of

c-Fos stimulation in the selected brain structures after

an acute administration of morphine and methadone

in animals habituated to the stress of experimental

procedure. These two different � receptor agonists

were applied in a wide dose range (5, 10, 50 mg/kg,

and 0.5, 2, 5, 25 mg/kg, respectively). Investigation of

central effects of morphine and methadone can help to

localize and better understand the mechanisms gov-

erning the processes of drug dependence, and explain

the lesser euphoric and abuse potential of methadone.

It was shown that morphine and methadone produced

a very similar pattern of c-Fos protein induction in the

terminal forebrain projection areas of the brain dopa-

minergic system, i.e. the striatum and nucleus accum-

bens core and shell but no dose dependence of this ef-

fect was found. The effect was the most evident after

the dose of 5 mg/kg of either drug. The intrinsic

mechanisms of this phenomenon may involve drug-

induced stimulation of opioid � receptors and subse-

quent release of local dopamine.

Neuroprotective effects of 1,25-dihydroxyvitamin D3 and its

analogues in neuronal cells in vitro

Magdalena Tetich1, Monika Leœkiewicz1, Bogus³awa Budziszewska1, Agnieszka Basta-Kaim1,
Marta Kubera1, Lucylla Jaworska-Feil1, Andrzej Kutner2, W³adys³aw Lasoñ1
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Previously, we found that analog of 1,25-dihy-

droxyvitamin D3 – PRI-2191 prevented neurotoxic ef-

fects of excitatory amino acids and hydrogen peroxide

in vitro and attenuated seizure-related brain damage in

rats. In the present study, we evaluated effects of three

new analogues of 1,25-dihydroxyvitamin D3 on hy-

drogen peroxide-evoked toxicity in human neuroblas-

toma SH-SY5Y cells. Neurotoxicity was detected by

measuring the efflux of lactate dehydrogenase (LDH)

into the culture medium 24 h after treatment with hy-

drogen peroxide (0.5 mM) and one of the three 1,25-

dihydroxyvitamin D3 analogues, i.e. PRI-2201, PRI-2202

or PRI-2203. All the compounds at low concentra-

tions (0.5–500 nM) decreased the hydrogen peroxide-

induced LDH release by 20–30%.

In the next part of the study, the effect of 1,25-

dihydroxyvitamin D3 and PRI-2191 on neuronal cell

apoptosis was evaluated. Process of apoptosis was in-
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duced by staurosporine added to cell cultures at con-

centrations of 0.5 and 1 �M for 24 h. The activity of

caspase-3-like protease was measured in cell lysates,

using the synthetic substrate Ac-DEVD-AMC, by

fluorometric method. We found that PRI-2191 more

efficiently than 1,25-dihydroxyvitamin D3 attenuated

staurosporine-induced caspase-3 activity.

These data confirm that 1,25-dihydroxyvitamin D3

and its analogues prevent neurotoxicity and that

mechanism of their neuroprotective effects may in-

volve interaction with apoptotic processes. Among

1,25-dihydroxyvitamin D3 analogues under study

PRI-2191 most potently inhibited necrotic and apop-

totic cell death.
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Buspirone attenuates the effects of conditioned fear on c-Fos

protein expression in the hippocampus

Aleksandra Wis³owska-Stanek1, Ma³gorzata Zienowicz1, Ma³gorzata Lehner2, Ewa Taracha2,
Andrzej Bidziñski2, Piotr Maciejak1,2, Anna Skórzewska2, Janusz Szyndler1, Adam P³aŸnik1,2
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Previously, we have found that buspirone injected at

the dose of 2.5 �g/site to the dentate gyrus of the hip-

pocampus, increased the time spent on exploration of

open arms in the elevated plus maze, and increased

the number of central entries in the open field, as well

[Kostowski et al., Eur J Pharmacol, 1989]. Further-

more, it was shown with the help of a selective lesion

to the serotonergic neurons and intrastructural injec-

tions of drugs that hippocampal postsynaptic 5-HT1A

receptors account for the anti-emotional effects of

azapirones in the Vogel conflict test and open field

test [Stefañski et al., Neuropharmacology, 1993].

Consequently, it has been hypothesized that post-

synaptic inhibition of the temporal lobe structures, in-

cluding the hippocampus, resulting from the hyperpo-

larization of local neuronal population following

5-HT1A receptors stimulation, appears to be an impor-

tant element of the anti-anxiety action of buspirone

[P³aŸnik et al., Pol J Pharmacol, 1994].

In the present study, to further examine the site of

action of buspirone, the anxiolytic-like action of bus-

pirone on the conditioned emotional response (CER,

a freezing reaction), was studied in parallel with the

immunocytochemical reaction in different brain struc-

tures to detect c-Fos protein – the product of expres-

sion of the c-fos gene, a marker of changes in neu-

ronal activity. It was shown that buspirone given be-

fore testing session (24 h after aversive training)

produced an inverted bell-shaped dose-response

curve, and significantly decreased freezing reaction at

the dose of 1.5 mg, without changing rat motor behav-

ior. Exposure of animals to aversively conditioned

context (a contextual fear) selectively induced the

production of c-Fos protein in the dentate gyrus,

CA-1 and CA-3 layers of the hippocampus, and the

medial amygdala. Pretreatment of rats with buspirone

(1.5 mg/kg) significantly attenuated the effects of

aversive memory on c-Fos protein expression only in

the CA-1 and CA-3 layers of the hippocampus proper.

The presented data show a direct contribution of par-

ticular hippocampal regions to the anxiolytic effects

of buspirone on contextual fear.

���������	
����

9�� ���!� :�� ��������! '�  ���� ��/ +�<$��� 	��� )�������� �	
��������� ��! �����#� �� 3���4�:�� ��#��!/

298 �����������	��� 
������ ����� ��� ����	��



Influence of NMDA on behavioral activity of rats with

streptozotocin-induced diabetes mellitus in the Morris water maze

Ró¿a J. Wiœniewska, Emilia Grzêda
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Glutamatergic ionotropic N-methyl-D-aspartate (NMDA)

receptor is involved in long-term potentiation (LTP),

so this receptor type seems to be very important in

learning and memory. STZ DM decreased the expres-

sion of NMDA receptor subunit in the brain.

DM is associated with functional and structural al-

terations in the peripheral, as well as the central nerv-

ous system. In STZ-diabetic rats, cognitive deficits are

associated with changes in the hippocampal synaptic

plasticity including an impaired expression of LTP and

enhanced expression of long term depression (LTD).

Experimental DM was induced by injection of STZ

solution (65 mg/kg) through the tail vein. In our study,

we investigated the cognitive effects of the ionotropic

glutamate receptor agonist – NMDA in rats with 4-

and 12-week STZ DM in the Morris water maze

(MWM). The water maze task has been developed to

test spatial learning abilities in rats. NMDA was given

intraperitoneally at the dose of 15 mg/kg 30 min be-

fore behavioral experiments.

In our present experiments, we observed that DM

had no significant influence on acquisition, distance

and transfer test in 4-week diabetic rats in the MWM.

In 12-week diabetic rats, we observed a decrease in

acquisition and increase in distance in this test. In the

transfer test (quadrant analysis) of the water maze our

data showed impaired spatial memory in this group.

NMDA had no influence on acquisition in all stud-

ied groups. This agonist of NMDA receptor had no

significant influence on distance in control and

4-week diabetic rats, but decreased distance in 12-week

diabetic rats. In the transfer test, NMDA increased

spatial memory processes only in 12-week DM.

Our results suggest that the intensity of deficits of

learning and memory increase in the course of diabe-

tes with the intensification of pathological processes.

Administration of NMDA (15 mg/kg) can prevent

spatial memory impairment in the MWM in 12-week

diabetic rats.
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Thioridazine metabolism by human cytochrome P-450 (CYP)

isoforms

Jacek Wójcikowski, Anna Haduch, Marta Kot, W³adys³awa A. Daniel
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The aim of the present study was to identify human

CYP isoforms involved in mono-2-, di-2- and

5-sulfoxidation, and N-demethylation of the pipe-

ridine-type phenothiazine neuroleptic thioridazine in

human liver.

The experiments were performed in the following

in vitro models: A) a study of thioridazine metabolism

in liver microsomes: a) correlations between the rate

of thioridazine metabolism and the activity of CYP

isoforms; b) the effect of CYP-specific inhibitors on

the rate of thioridazine metabolism (inhibitors:

CYP1A2 – �-naphthoflavone, CYP2D6 – quinidine,

CYP2A6 + CYP2E1 – DDC, CYP2C9 – sulfaphena-

zole, CYP2C19 – ticlopidine, CYP3A4 – ketocona-
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zole); B) thioridazine biotransformation by cDNA-

expressed human CYPs (supersomes 1A2, 2A6, 2B6,

2C9, 2C19, 2D6, 2E1, 3A4).

In human liver microsomes, the formation of thio-

ridazine 5-sulfoxide and N-desmethylthioridazine sig-

nificantly correlated with phenacetin O-deethylase

(CYP1A2) and testosterone 6�-hydroxylase (CYP3A4)

activities, while the formation of thioridazine mono-

2-sulfoxide (mesoridazine) and thioridazine di-2-

sulfoxide (sulforidazine) correlated well with bufura-

lol 1’-hydroxylase activity (CYP2D6). In addition,

production of mesoridazine correlated positively with

testosterone 6�-hydroxylase activity (CYP3A4).

�-Naphthoflavone (a CYP1A2 inhibitor) and keto-

conazole (a CYP3A4 inhibitor) significantly de-

creased the rate of thioridazine 5-sulfoxidation and

N-demethylation, while quinidine (a CYP2D6 inhibi-

tor) strongly decreased the rate of thioridazine mono-

2- and di-2-sulfoxidation in human liver microsomes.

Moreover, ketoconazole diminished the rate of thiori-

dazine mono-2-sulfoxidation. The cDNA-expressed

human CYPs generated different amounts of thiori-

dazine metabolites, but the abilities of CYP isoforms

to catalyze thioridazine metabolism at a therapeutic

concentration (10 �M) was as follows (pmol of prod-

uct/pmol of CYP isoform/min): 2D6 > 2C19 > 1A2

2B6 > 3A4 > 2C9 for mono-2-sulfoxidation, 2D6

> 2C19 > 1A2 > 3A4 for di-2-sulfoxidation, 1A2

> 3A4 > 2E1 2A6 > 2B6 > 2D6 > 2C9 > 2C19 for

5-sulfoxidation and 1A2 > 2C19 > 3A4 > 2D6 for

N-demethylation. The highest intrinsic clearance

(Vmax/Km) was found for CYP1A2 and CYP3A4 in

the case of 5-sulfoxidation and N-demethylation, and

for CYP2D6 in the case of mono-2- and di-2-

sulfoxidation.

Regarding the relative expression of various CYPs

in human liver, the obtained results indicate that

CYP1A2 and CYP3A4 are the main isoforms respon-

sible for 5-sulfoxidation (46 and 34%, respectively)

and N-demethylation (44 and 52%, respectively).

CYP2D6 is the key isoform that catalyzes mono-2-

and di-2-sulfoxidation of thioridazine (49 and 64%,

respectively) in human liver. CYP3A4, CYP1A2 and

CYP2C19 contribute to a lesser degree to thioridazine

mono-2- and di-2-sulfoxidation (12–22%). The role

of CYP2A6, CYP2B6, CYP2C9 and CYP2E1 in the

investigated metabolic pathways of thioridazine

seems negligible (0.2–8.2%).

Although thioridazine has cardiotoxic side-effects,

for its psychotropic profile it is combined with antide-

pressants in the treatment of complex or “treatment-

resistant” psychiatric disorders. Therefore, the ob-

tained results may have significant implications for

the prediction of potential drug-drug interactions in-

volving thioridazine.
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The hippocampus and cocaine reward: effects of dorsal

hippocampal lesions

Edyta Wyszogrodzka1, Paulina Ko³omañska1, Teresa Wierzba-Bobrowicz2,
Wojciech Kostowski1,3, Roman Stefañski1,3
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Accumulating evidence has indicated that the hippo-

campal formation plays a role in motivated behavior,

specifically in general behavioral activation and in-

centive motivation [Tracy et al., Behav Brain Res,

2001]. In this study, we tested the effects of dorsal

hippocampal lesions on instrumental behavior rein-

forced by intravenous cocaine injection.

Male, Sprague-Dawley rats were used as subjects.

Rats were randomly assigned to groups either sub-

jected to either bilateral sham operations (n = 13) or
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ibotenic-acid lesions of the dorsal hippocampus

(n = 13), according to the protocol developed by Jar-

rard [J Neurosci Methods, 1989]. Three months after

the operation, a silastic catheter was implanted into the

external jugular vein, as described previously [Stefañski

et al., Eur J Pharamcol, 1999]. Self-administration ses-

sions were conducted in 14 standard operant chambers

equipped with two nose-poke operanda. Responding

on one of the holes (defined as “active”) resulted in

cocaine delivery to the animal, whereas responding

on the other hole (defined as “inactive”) was recorded

but not reinforced. Rats were allowed to acquire self-

administration of cocaine at the dose of 0.3 mg/kg/in-

jection. Once responding was initiated, the number of

responses required to produce each injection was

gradually increased over a three-week period to a fi-

nal value of FR-5 (every fifth response produced an

injection). At the conclusion of all behavioral testing,

the animals that had received ibotenic acid lesions of the

dorsal hippocampus were sacrificed and the brains were

removed. Representative sections were cut at 60 �m on

a microtome and stained with hematoxyline-eosine.

Hippocampal damage was scored upon visualiza-

tion of neuronal loss in the hippocampal tissue. Le-

sioned rats acquired cocaine self-administration

slower than sham-lesioned rats. Following the initial

acquisition period, both groups showed stability in

their daily intake and there were no indications of any

further changes in sensitivity to cocaine’s reinforcing

effects as would be indicated by an increase or de-

crease in the rate of self-administration. The present

results provide convincing evidence that the dorsal

hippocampus is importantly involved in the modula-

tion of the positive reinforcing effects of cocaine.

Effects of the CRF1 receptor antagonist, CP-154,526, on the

behavioral effects of cocaine in rats

Magdalena Zaniewska, Ma³gorzata Filip, Ma³gorzata Frankowska, Ewa Nowak,
Edmund Przegaliñski
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It has been shown that the mesolimbic dopamine neu-

rotransmission is one of the critical factors to mediate

behavioral effects of cocaine [Woolverton and John-

son, Trends Pharmacol Sci, 1992]. Recent data indi-

cate that cocaine-dependent responses may be influ-

enced by manipulation of some neuropeptide systems,

in particular by the corticotropin-releasing factor

(CRF) [Shibassali et al., Brain Res, 1991; Koob et al.,

Semin Neurosci, 1994]. Being a potent regulator of

endocrine, autonomic and immune responses to

stress, CRF is widely distributed in the brain and has

been implicated in the modulation of several behav-

ioral effects including those produced by cocaine. In

fact, cocaine-induced hyperactivity, stereotypic behav-

ior and self-administration were attenuated by immu-

noneutralization of endogenous CFR and/or by CRF

receptor blockers [Sarnyai et al., Pharmacol Rev, 2001].

CRF exerts its biological actions via CRF1 and

CRF2 receptors, and the present study investigated the

role of CRF1 receptors, by using their selective non-

peptide antagonist CP-154,526, to test the locomotor,

sensitizing, discriminative stimulus and rewarding ef-

fects of cocaine in male Wistar rats. Moreover, we ex-

amined the effects of CP-154,526 on the cocaine-

primed seeking behavior.

CP-154,526 (5–20 mg/kg, ip) dose-dependently at-

tenuated cocaine (10 mg/kg, ip)-evoked hyperactiva-

tion, but it did not alter basal locomotor activity of

rats. Repeated administration (1–5 days) of cocaine

(10 mg/kg, ip) to rats significantly enhanced the loco-

motor activation induced by its challenge dose given

after 5-day withdrawal (on day 10), and CP-154,526

pretreatment on day 10 before the challenge dose of

cocaine (10 mg/kg, ip) in a dose-dependent manner

decreased its locomotor effects (inhibition of expres-

sion of cocaine sensitization).

In rats trained to discriminate cocaine (10 mg/kg,

ip) from saline, CP-154,526 neither substituted for co-

caine nor – given in combination with cocaine –
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changed its discriminative stimulus effects. Similar

negative effects of CP-154,526 were found in self-

administration model, in which the antagonist did not

alter responding maintained by cocaine (0.5 mg/kg/in-

fusion). On the other hand, CP-154,526 reduced the

priming effects of cocaine (10 mg/kg, ip) during the

reinstatement of cocaine seeking behavior.

In conclusion, the results of the present study indi-

cate a role for CRF1 receptors in controlling the hy-

perlocomotion and expression of cocaine sensitization

as well as cocaine-evoked craving, but not in subjec-

tive and rewarding effects of cocaine.
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The behavioral effects of corticotropin releasing factor

and �-helical-CRF (CRF 1&2 receptor antagonist) injected

into rat brain cortex

Barbara Ziêba, Maria Œmia³owska
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The aim of this study was to investigate the influence

of intracortical administration of corticotropin releas-

ing factor (CRF) on the behavior of rats. CRF at doses of

0.05, 0.1 and 0.2 �g/�l/site was bilaterally injected into

the rat frontal cortex through the implanted cannulae.

Control rats received 0.9% NaCl. The rats were tested in

an open field test and an elevated plus-maze procedure.

We found that locomotor and exploratory activity

were decreased in the open field test during a 40-min

session after CRF. Furthermore, in the elevated plus-

maze test, CRF produced significant anxiolytic-like

effects after the highest dose and non-significant

anxiogenic-like effects after its low dose.

The effect of, �-helical-CRF, an antagonist of CRF

receptors 1&2, at a dose of 0.5 �g/�l/site on the

CRF-induced changes was tested in the elevated

plus-maze test. Alfa-helical-CRF at doses of 0.05 and

0.2 �g/�l/site was injected 30 min before or 30 min

after CRF injection in order to find out whether that

antagonist of CRF receptors blocked different anxiety

effects of CRF. The effect of �-helical-CRF alone was

tested 30 min after its injection.

Alfa-helical-CRF injected alone did not induce any

significant effect in the elevated plus-maze paradigm.

Post-treatment with �-helical-CRF significantly prevented

the anxiogenic effects induced by CRF at 0.05 �g/�l/site

dose. The anxiolytic effect of 0.2 �g/�l/site dose of CRF

was only partly and non-significantly inhibited by

�-helical-CRF. Alfa-helical-CRF produced no effect

on CRF action in the elevated plus-maze test when

it was injected 30 min before CRF.

It is concluded that: 1) CRF injected into the rat

frontal cortex decreases locomotor activity and some

parameters of exploratory activity; 2) CRF can modu-

late anxiety by inducing anxiogenic or anxiolytic effects

after its intracortical injection; 3) �-helical-CRF may

inhibit CRF effects on anxiety in the frontal cortex.

302 �����������	��� 
������ ����� ��� ����	��


