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1. INTRODUCTION
Neurotensin (NT) acts as a neurotransmitter and/or neuromodulator in the central
nervous system. It has been shown that there is a relationship between malfunction of the
NT system and several neurologic and psychiatric diseases, i.e: schizophrenia,
Parkinson’s disease, mood disorders and drug addiction. NT has been proven to have
positive reinforcing effects in the ventral tegmental area (VTA) and it can modify the
place learning process in the nucleus accumbens (NAC).
The central nucleus of amygdala (CeA), part of the limbic system, plays an important
role in learning, memory and reinforcement. It was published that the CeA is relatively
rich in NT immunoreactivity, it contains neurotensin-1 receptors (NTS1) in high density,
however, behavioural effects of NT were not examined in this brain structure yet. We
studied the possible effects of NT microinjected into the CeA in reinforcing mechanisms,
learning and memory processes.
Therefore the topic of this thesis is the examination of neuropeptide NT induced
behavioural effects in the CeA in rats. The effects of this neuropeptide on reinforcement
was investigated in conditioned place preference test. Anxiety was studied in elevated
plus maze test. Morris water maze test was used to examine the possible effect of NT on
spatial learning and memory consolidation and retention were investigated in passive
avoidance paradigm. The possible effect of NT on spontaneous motor activity was
investigated

in

open

field

test.

Furthermore,

receptorial

mechanisms

and

neurotensinergic-dopaminergic interaction were examined in order to understand the
complex behavioural effects of NT.

2. OBJECTIVES
a. The mesolimbic dopamine (DA) system originates from the VTA and one of its
abundant terminal fields is localized in the CeA. It has been shown that NT
injected into the VTA has positive reinforcing effects. The CeA is rich in NT
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terminals and NTS1s. Therefore, our first goal is to examine whether NT in the
CeA has positive reinforcing effects in conditioned place preference test.
b. In case of positive reinforcing effects, in the place preference test animals spend
more time in a certain part of the apparatus than in the others. This could also be
due to an anxiogenic effect of the neurochemical substance received, when the
animals decrease their movement activity and they are motionless in a freezing
positure. Therefore, we examine whether NT microinjections into CeA have any
effects on anxiety in the elevated plus-maze test.
c. It is known that the amygdala plays an important role in learning process
including place learning. Moreover it was proven that in some brain structures the
blockade of the neurotensinergic system resulted in place-learning difficulties.
Therefore, we study the effects of NT and NTS1 antagonist in Morris water
maze test.
d. Amygdala is thought to be a key structure in formation of fear-conditioned
learning. Memory enhancing effects of NT in passive avoidace paradigm were
shown in some brain structures. Therefore, we investigate the possible effects of
NT and NTS1 antagonist in passive avoidance test.
e. Numerous studies have suggested that there is anatomical and functional
relationship between the neurotensinergic and dopaminergic systems. It is known
that the mesocortical-mesolimbic DA system, which innervates the amygdala,
plays a crucial role in reinforcement and learning. We suppose that NT exerts its
reinforcing, learning and memory enhancing effects via modificating the activity
of the DA system. Therefore, we examine NT-DA interaction in condtitioned
place preference test, in Morris water maze test and in passive avoidance test
by applying DA D2 antagonist preteatment before NT microinjection.
f. If the NT microinjected into the CeA influences the general motor activity this
effect can modify learning releated effects of NT examined in different
behavioural paradigms. Therefore, we investigate the possible motor activity
modulating effects of NT, NTS1 antagonist and DA D2 antagonist in open field
test.
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3. MATERIALS AND METHODS

3.1. Subjects
Four hundred and forty adult male Wistar rats weighing 280–320 g at the beginning
of the experiments were housed individually and cared for in accordance with
institutional (Pécs University, Medical School) and international standards (European
Community Council Directive - 1986. November 24. 86-609-EEC). Rats were kept in a
temperature- and light-controlled room (22 ± 2 °C; 12:12 h light–dark cycle with lights
on at 6:00 a.m.). Standard laboratory food pellets (CRLT/N standard rodent food pellet,
Charles River Kft, Budapest, Hungary) and tap water were available ad libitum. All
behavioural tests were done during the rats’ daylight period between 08:00 and 18:00 h.
3.2. Surgery
Rats were anesthetized i.p. by ketamine supplemented with diazepam (Calypsol and
Seduxen, Richter Gedeon, Hungary, ketamine: 80 mg/kg body weight, diazepam:
20 mg/kg body weight). Animals were stereotaxically implanted bilaterally with 22 gauge
stainless steel guide cannulae, directed toward and 1 mm above the dorsal border of the
CeA (coordinates relative to bregma: AP: −2.3 mm, ML: ±4.1 mm, DV: −6.5 mm)
according to the rats’ stereotaxic atlas [46]. Cannulae were fixed to the skull with two
stainless steel screws and dental acrylic. When not being used for injection, the guide
cannulae were occluded with 27 gauge stainless steel obturators. Animals were allowed a
minimum of 6 days postoperative recovery before experiments commenced while they
were handled daily.
3.3. Materials
NT obtained from Sigma (Sigma–Aldrich Co., N 3010) was bilaterally
microinjected in two different doses: 100 ng (54.6 pmol) or 250 ng (136.6 pmol) in
0.4 μl, respectively. NT was dissolved in 0.15 M sterile saline solution containing 0.01 M
Na-acetate and 0.01 M phosphate buffered saline (PBS, pH 7.4). Control animals
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received this solution bilaterally as vehicle (Veh1) in equal volume to that used for NT
injections. NTS1 antagonist SR 48692 [gifted by Sanofi-Synthelabo Co., 35 ng (60
pmol)/0.4 μl] was diluted in 0.15 M saline solution containing 2% dimethylsulfoxide and
0.01 M PBS, and its vehicle solution (Veh2) was used for control injections in the
experiment with NTS1 antagonist. In this experiment the following groups were used: the
antagonist treated group (ANT) received SR 48692 and then 15 min later vehicle of NT
(ANT + Veh1). The NT injected group pretreated with antagonist (ANT + NT) received
SR 48692 15 min before being injected with 100 ng NT. The NT treated group (NT)
received vehicle of antagonist and then 100 ng NT (Veh2 + NT). The control group
(Control) received two vehicle injections (Veh2 + Veh1). The antagonist or Veh2 were
applied 15 min prior to NT or Veh1 injections, respectively. DA D2 receptor antagonist
Sulpiride: [Sigma_Aldrich Co.:S7771[S] 5 µg (14.6 nmol)] was dissolved in 0.1 M HCl
diluted with distilled water and it was set to 7.4 pH with NaOH and phosphate buffer.
This diluting solution (Veh3) was injected to the adequate control groups. Solutions were
kept in +4 °C before application. In this report all the doses mentioned are meant to be
the dose per side values. Drugs or vehicles were bilaterally microinjected through a 30
gauge stainless steel injection tube extending 1 mm below the tips of the implanted guide
cannulae. The injection cannula was attached via polyethylene tubing (PE-10) to a 10 μl
Hamilton microsyringe (Hamilton Co., Bonaduz, Switzerland). All injections were
delivered by a syringe pump in volume of 0.4 μl (Cole Parmer, IITC, Life Sci.
Instruments, California) over a 60 s interval. After injection cannulae were left in place
for an additional 60 s to allow diffusion into the surrounding tissue. During the injections
rats were gently hold in hands.
3.4. Behavioural experiments

3.4.1. Conditioned place preference (CPP) test
The CPP paradigm has been used to measure hedonic properties of drug abuse as well
as natural reinforcers [43]. Our corral apparatus consisted of a circular open field, with a
diameter of 85 cm and 40 cm high wall. Black lines divided the floor into four quadrants
of equal size. External visual cues in the surroundings helped the animals’ spatial
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orientation inside the apparatus. The room was dimly lit by a 40W bulb. The place
preference procedure consisted of one habituation (day 1), two conditioning (day 2-3)
and one test (day 4) trials, each lasted for 900 s (15 min). The apparatus was cleaned and
dried after each session. All trainings and testing were conducted in an isolated
experimental room. In habituation trial (day 1) animals were placed into the apparatus
and had free access to all parts of the apparatus for 900 s. The time that animals had spent
in each of the four quadrants was measured. During conditioning trials (day 2-3) animals
received the drug injections and subsequently rats were restricted to the treatment
quadrant for 15 min by means of a plexiglass barrier. Treatment quadrant (TQ) was
determined to be one of the four quadrants in which the animal had spent neither the
longest nor the shortest time during habituation. On the fourth day (test trial) animals had
free access to all parts of the apparatus. The time that rats had spent in each of the four
quadrants was measured again. Behaviour of animals was recorded by a video camera.
Data were stored and motion analysis was made by means of EthoVision Basic software
(Noldus Information Technology b.v., Wageningen, The Netherlands). The number of
entries into the four quadrants was also recorded during habituation and test trials, as a
measure of gross locomotor activity. In order to gauge acute effects of NT on
spontaneous behaviour, frequency of rearing and grooming were also analyzed.
3.4.2. Elevated plus maze (EPM) test
Anxiety was evaluated in an elevated plus maze (EPM) test [17]. The apparatus was
constructed of grey coloured wooden planks. The equipment consisted of two opposite
open arms (50x12cm) and two opposite enclosed arms (50x12x40cm) with an open roof.
The maze was elevated to a height of 100 cm above the floor. After drug administrations
the animals were placed into the center of the maze (central platform), facing one of the
enclosed arms. The trials lasted for 5 min while the number of entries into and time spent
on the open and enclosed arms and the end of the open arms (end-arms) were measured.
Each rat was tested only once. Data were stored and motion analysis was made by means
of EthoVision Basic software.
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3.4.3. Morris water maze (MWM) test
Tests [29] were made in a circular pool with a diameter of 1.5 meter. The pool was
filled with water (temperature: 23 ± 1 °C) and a square (10cmx10cm) plexiglass platform
was placed in. The surface of the water was kept 2 cm above the platform and the water
was coloured to make the water opaque. The pool was surrounded with external cues.
These cues were kept in constant positions throughout the whole experiment. Behaviour
of animals was recorded by a video camera and registered by a computer program
(EthoVision; Noldus Information Technology, The Netherlands). The latency time to find
the safe platform located in one of the quadrants of the maze was measured. One day
before starting the training, rats were habituated to the pool by allowing them to perform
swimming for 90 s without platform. During conditioning for spatial learning, rats were
placed into the water maze for two trials per day for two days (trial 1 and trial 2 were
performed on the first day before the NT administration, trial 3 and trial 4 were made on
the second day after the injection) at randomly assigned, but predetermined locations.
The task required rats to swim to the hidden platform guided by external spatial cues.
After finding the platform, rats were allowed to stay there for 10 s. Rats failing to find the
platform in 180 s were placed on the platform and allowed to rest for 10 s.

3.4.4. Passive avoidance (PAV) test
A step-through avoidance paradigm was used in a two compartment passive
avoidance

apparatus.

The

experimental

apparatus

consisted

of

a

large

(60 cm × 60 cm × 60 cm), well illuminated (Tungsraflex, 100 W) compartment and a
small box (15 cm × 15 cm × 15 cm), painted black and having metal-grid floor for the
delivery of electric shocks. Rats were habituated on the 1st day of the experiment when
they were placed into the large compartment and were allowed a maximum time of 180 s
to enter the dark compartment. On the following day animals were conditioned. Subjects
were placed again into the illuminated compartment and latency to enter the shock box
through a guillotine trap door was measured. After rats had entered the dark box, they
were given electric foot shock three times, each for 1 s with weak (0.4 mA) electric
current. Subsequently rats were removed from the apparatus and were microinjected
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bilaterally. Animals were injected in their home cage. The same rats were tested 24 h
(test 1) and 1 week after (test 2) conditioning and the latency of entering the shock box
was recorded. When the animal had not entered the shock box till the end of the trial the
maximum value was given (180 s). Data were recorded and evaluated by means of the
Noldus Ethovison System (Noldus Information Technology, The Netherlands).

3.4.5. Open field (OPF) test
Animals were placed into 60x60x60 cm painted grey box after bilateral
microinjections. The ground of the cage was divided into 16 identical squares. Behaviour
of each rat was recorded for 5 minutes by means of CCD camera. During observation
period the number of crossings and the distance moved were investigated. Data were
stored and analysed by Noldus Ethovision System.

3.5. Data processing

3.5.1. Histology
At the end of the experiments, rats received an overdose of Calypsol and Seduxen
mixed in the ratio of 4:1 and were transcardially perfused with isotonic saline followed
by 10% formalin solution. After 1 week of postfixation brains were frozen cut into 40 μm
serial sections and stained with Cresyl-violet. Injection sites were reconstructed
according to the stereotaxic atlas of the rat brain [46]. Only data from rats with correctly
placed cannulae were analyzed.
3.5.1. Statistics
Data are presented as mean ± standard error of the mean (S.E.M.). One-way and twoway ANOVAs followed by Tukey post hoc analysis were employed (ANOVA GraphPad
InStat for Windows 3.0). Statistical significance was established at p ≤ 0.05.
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4. RESULTS

4.1. Conditioned place preference test
It has been proven in the CPP test that NT microinjected into the CeA has positive
reinforcing effects. Rats that received 100 ng NT or 250 ng NT spent significantly more
time in the TQ during the test session. The positive reinforcing effect of NT might be
mediated via NTS1, since this effect could be blocked by NTS1 antagonist pretreatment.
The rewarding effect of NT may be due to the modulation of DA system, since it could
be blocked by DA D2 antagonist preteatment.

4.2. Elevated plus maze test
The possible anxiogenic or anxiolytic effects of NT was investigated in EPM test.
The test was carried out after bilateral 100 ng NT or 250 ng NT or vehicle injections.
There were no differences among groups, as far as the measured parameters concerned,
i.e. the time spent in the open arms or in the end arms or in the numbers of entries into the
open arms. Therefore, our results suggest that neither 100 ng NT nor the 250 ng NT had
effects on anxiety in the CeA.

4.3. Morris water maze test
MWM test was used to examine the possible modulatory effects of NT on spatial
learning. Statistical evaluation of this experiment indicated that the intraamygdaloid
microinjection of NT resulted in considerable alteration of learning in MWM. The
multiple comparison after the NT treatment (trials 3 and 4) yielded that the 100 ng NT
and 250 ng NT treated animals needed significantly less time to find the safe platform
than the controls. The multiple comparison also indicated that 100 ng NT treated rats
needed significantly less time to find the platform than the vehicle or ANT or
ANT + 100 ng NT treated rats. Effect of 100 ng NT was eliminated by bilateral
intraamygdaloid pretreatment of ANT. Our results are the first to demonstrate that NT
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facilitates spatial learning when microinjected into the CeA. The effect of NT is specific
because it can be blocked by prior application of NTS1 antagonist. Moreover spatial
learning enhancing effects of NT could be blocked by prior treatment of DA D2
antagonist.

4.4. Passive avoidance test
Improvement in passive avoidance learning by NT in the CeA was evident when the
PAV test was carried out. Application of 100 ng NT significantly increased the latency
time (the latency to enter the dark shock compartment) 24 hours and 1 week after
conditioning. Effect was NTS1 specific because prior treatment with the NTS1
antagonist, equimolar to NT treatment blocked the effects of NT. DA system may play a
role in NT induced passive avoidance learning because DA D2 antagonist could block
this action. On the other hand, rats received 250 ng NT, showed only a tendency for
learning.

4.5. Open field test
OPF test was used to measure the spontaneous motor activity after bilateral
microinjections. The following groups were tested: 100 ng NT-, 250 ng NT-, ANT-, ANT
+ NT-, DA D2 antagonist-, DA D2 antagonist + NT and vehicle treated animals. In each
group behavioural results after treatments were compared to data obtained one day before
microinjection. The distance moved and the number of crossings were evaluated. There
were no significant difference in the measured parameters.

5. DISCUSSION

5.1. Conditioned place preference test
Our findings indicate that NT microinjected into the CeA has positive reinforcing
effects which are comparable to those results obtained after NT microinjections into other
11

brain (limbic) structures. Namely, it has been shown that NT microinjected into the VTA
or ventral mesencephalic region has positive reinforcing properties in CPP paradigm
[13,36]. It was also proven with direct intracerebral self-injection studies that NT is a
positive reinforcer in the VTA [12].
The CeA, part of the limbic system, plays an important role in memory [28] and
reinforcement [22,25] and it was shown that it is relatively rich in NT immunoreactive
elements and NTS1s [6,9,31,45]. One may suppose that direct application of NT can
influence the firing of CeA neurons. Indeed an in vitro study indicated that 60% of the
CeA neurons showed excitatory responses while 9% of the cells examined showed
inhibitory ones to application of NT [26]. In our experiments excitatory and/or inhibitory
single neuronal responses were recorded after electrophoretic or micropressure
application of NT in the CeA in anesthetized rats. Based on these results it is obvious that
NT as a neuromodulator may directly modify the activity of CeA neuronal network.
It is known that NT has the highest affinity to NTS1 [24,45]. In our experiments we used
SR 48692 because this is a selective non-peptide NTS1 antagonist and it can have effects
on the NT induced behaviour [40]. Our findings showed that NTS1 plays important roles
in the positive reinforcing effects, because pretreatment with NTS1 antagonist could
block this action. The NTS1 antagonist SR 48692 was applied 15 min prior to the NT
microinjection so this chemically stable antagonist could have enough time to bind to the
NTS1s.
Some neuropeptides like substance P and NT are thought to have positive reinforcing
effects through the modulation of the mesolimbic DA system [21]. A relationship seems
to exist between the neurotensinergic and dopaminergic systems. Biochemical and
electrophysiological studies have shown that NT changes the activity of DA neurons in
the substantia nigra (SN) or VTA and facilitates endogenous DA release from rat slices
of the striatum, NAC and prefrontal cortex [16,27,35]. Several electrophysiological
studies indicate that NT increases the firing frequencies of DA neurons in vivo and in
vitro. It has been shown that NT stimulates DA neuronal firing rate respectively in the SN
the VTA and frontal cortex pyramidal neurons [19,34,38]. Furthermore it has been
suggested that NT may be colocalized with DA in the same vesicle [4,5]. We suppose
that NT microinjected into the CeA has a positive reinforcing effect through the
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modulation of the mesolimbic DA system. In our experiment DA D2 receptor antagonist
pretreatment could block the effect of NT induced positive reinforcement

5.2. Elevated plus maze test
EPM test was made for two reasons: AMY, as part of the limbic system, plays a
crucial role in fear related behaviour, anxiety and in their reinforcing mechanisms. Since
the AMY is relatively rich in NTS1s we would have liked to investigate whether the NT
injected into the CeA may play a role in anxiety. On the other hand, one may suppose
that animals spent more time in TQ because of the possible anxiogenic effect of the
microinjected drug. Our results proved that NT microinjected into the CeA in EPM had
neither anxiogenic nor anxiolytic effects. Our findings contradict to the possibility that
animals were less active after NT treatments because there were no statistical differences
among the groups in the gross locomotor activity, nor in the numbers of entries into the
TQ. Consequently it can be stated that in the CPP paradigm the longer time animals spent
in the TQ was not due to any anxiogenic effects of NT.

5.3. Morris water maze test
The MWM test is a widely used appropriate method to investigate spatial learning.
The size of our pool corresponded to that used by others [29]. During experiments rats
were placed into the water maze for two trials per day for two days. According to the
literature the number of trials used in MWM test and the number of daily trials show high
variability [1,7,23,30]. As observed in our previous experiments, rats learn quickly [42].
Therefore, it is adequate to study the possible learning/memory enhancing effect of a
substance in a schedule with a relatively limited number of trials. The many days- many
trials paradigm is a more appropriate method to study memory impairment [30]. Under
the condition of our experiments a weak learning effect or a learning tendency could be
evoked in controls and the possible spatial learning enhancing effect of NT could be
examined. It was indicated that the memory consolidation takes place after the experience
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[18]. Furthermore, the other benefit of the post-trial injection is the improbability that
anxiety, pain or other non specific performance variables are involved in the effect of a
given neurochemical substance. Therefore, the subsequent post-experience injection of
NT is the most accurate method to study the possible memory enhancing effect.
According to our best knowledge no data are available about the possible effect of NT on
spatial learning in the AMY. In our experiment escape latency was significantly reduced
by 100 ng NT or 250 ng NT, therefore spatial learning enhancing effect was observed.
Numerous studies indicate that NT plays a role in reinforcement and learning
[13,36,37,41]. As far as we know, our results are the first suggesting that intraamygdaloid
NT enhances spatial learning processes and memory. Neither the average speed of
swimming during the trials, nor the distance swum during the habituation trial differed
significantly among animals as it was calculated by means of Noldus EthoVision
program. Consequently our results can not be explained by any alteration in motor
activity of rats. In our present experiments we used SR 48692 because this is a selective
non-peptide NTS1 antagonist and it can block NT induced actions [14,32,33]. It was
proven that high dose of SR 48692 in itself can influence learning and memory because
its microinjection into the nucleus accumbens impaired spatial learning [41]. As our
results indicated NTS1 antagonist microinjected into the CeA -in itself- did not have any
significant effect in the dose used in our experiment. Our findings showed that NTS1
plays an important role in the spatial learning enhancing effects of NT, because
pretreatment with NTS1 antagonist could block this action. In conclusion our results are
the first to demonstrate that NT facilitates spatial learning when microinjected into the
CeA. The effect of NT is specific because it can be blocked by prior application of NTS1
antagonist. The spatial learning enhancing effect of NT may be due to the modulation of
DA system, since it could be blocked by DA D2 antagonist pretreatment. The exact
mechanisms through which NT can exert its spatial learning facilitating effects, however,
needs further investigations.
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5.4. Passive avoidance test
In our experiment NT showed learning improvement in PAV test when it was
microinjected into the CeA. Under natural circumstances rats like dark and closed places.
Animals were punished after they had entered the shock box with painful electrical
shocks during the conditionig trial. It has been proven earlier that NT plays a role in paintransmission [8]. This may indicate that NT increases the latency time in PAV by
modulating the pain-transmission instead of affecting the memory consolidation and
retention. To avoid this possibility NT was microinjected after the application of electeric
shock.
Our data indicated that the application of 100 ng NT significantly increased the latency
time but in those rats who received 250 ng NT only a learning tendency was observed. It
was proven before that NT may show a bell-shaped dose-effect curve [39].

This

phenomenon could be due to the rapid internalization- and intracellular degradation of
NTS1 [15,44]. Furthermore, it was published that NTS1 desensitisation and downregulation are rapid [2,10].
Our findings showed that NTS1 plays an important role in the passive avoidance learning
enhancing effects of NT, because pretreatment with NTS1 antagonist could block this
action. Furthermore we suppose that NT has a positive reinforcing effect through the
modulation of the mesolimbic DA system because DA D2 receptor antagonist
pretreatment could block this learning enhancing effect.

5.5. Open field test
Open field test is an appropriate method to investigate general motor activity.
Possible effect of NT on motor activity may have many aspects. On one hand, we have
shown that in CPP that NT microinjected rats spend more time in the TQ. One may
suppose that this effect could be due to hypoactivity. On the other hand, the alteration in
motor activity may modify latency time measured in PAV paradigm and MWM test.
Contradictory data can be found, however, about the effects of NT on motor activity.
While NT microinjections into the VTA increased the spontaneous motor activity [20],
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NT could block the amphetamine induced hyperactivity in the NAC and NT in itself
reduced the open field activity

[3,11]. In our experiments 100 ng or 250 ng NT

microinjected into the CeA did not influence spontaneous locomotor activity or other
characteristic behavioural phenomena such as rearing, grooming or freezing.

6. Summary
1., Application of 100 ng NT or 250 ng NT into the CeA has positive reinforcing
effects. Our findings show that NTS1 plays an important role in positive
reinforcement, because preteatment with NTS1 antagonist could block this action.
2., Positive reinforcing effect of NT could be blocked by DA D2 antagonist
pretreatment.
3., Our results showed that NT microinjected into the CeA in EPM had neither
anxiogenic, nor anxiolytic effects. Consequently, it can be stated that in the CPP
paradigm the more time that animals spent in the TQ was not due to any
anxiogenic effects of NT.
4., NT was shown to facilitate the spatial learning in MWM test. This action is
NTS1 specific.
5., DA D2 antagonist pretreatment could block the spatial learning enhancing
effect.
6., Our results showed that NT microinjected into CeA plays a role in passive
avoidance learning. This effect could be blocked by NTS1 antagonist
pretreatment.
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7., It was shown that memory enhancing effect of NT could be eliminated by prior
treatment of DA D2 antagonist.
8., We demonstrated that NT has no effect on spontaneous motor activity.
Therefore, the positive reinforcing effect-, the learning- and memory enhancing
effects of the NT can not be due to changes in general motor activity. NTS1
antagonist or DA D2 antagonist in itself did not influence the open field activity.

7. REFRENCES
[1]
[2]
[3]
[4]
[5]
[6]

[7]
[8]
[9]

S. Aspley and K.C. Fone, Galanin fails to alter both acquisition of a two trial per
day water maze task and neurochemical markers of cholinergic or serotonergic
neurones in adult rats, Brain Res 622 (1993) 330-336.
E. Audinat, J.M. Hermel and F. Crepel, Neurotensin-induced excitation of
neurons of the rat's frontal cortex studied intracellularly in vitro, Exp Brain Res
78 (1989) 358-368.
P. Bauco and P.P. Rompre, Central neurotensin receptor activation produces
differential behavioral responses in Fischer and Lewis rats, Psychopharmacology
(Berl) 168 (2003) 253-261.
A.J. Bean, T.E. Adrian, I.M. Modlin and R.H. Roth, Dopamine and neurotensin
storage in colocalized and noncolocalized neuronal populations, J Pharmacol Exp
Ther 249 (1989) 681-687.
A.J. Bean, M.J. During, A.Y. Deutch and R.H. Roth, Effects of dopamine
depletion on striatal neurotensin: biochemical and immunohistochemical studies,
J Neurosci 9 (1989) 4430-4438.
H. Boudin, D. Pelaprat, W. Rostene and A. Beaudet, Cellular distribution of
neurotensin receptors in rat brain: immunohistochemical study using an
antipeptide antibody against the cloned high affinity receptor, J Comp Neurol 373
(1996) 76-89.
E.J. Chesler and J.M. Juraska, Acute administration of estrogen and progesterone
impairs the acquisition of the spatial morris water maze in ovariectomized rats,
Horm Behav 38 (2000) 234-242.
B.V. Clineschmidt, J.C. McGuffin and P.B. Bunting, Neurotensin:
antinocisponsive action in rodents, Eur J Pharmacol 54 (1979) 129-139.
P.E. Cooper, M.H. Fernstrom, O.P. Rorstad, S.E. Leeman and J.B. Martin, The
regional distribution of somatostatin, substance P and neurotensin in human brain,
Brain Res 218 (1981) 219-232.

17

[10]
[11]
[12]
[13]
[14]

[15]
[16]

[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

E. Donato di Paola, B. Cusack, M. Yamada and E. Richelson, Desensitization and
down-regulation of neurotensin receptors in murine neuroblastoma clone N1E115 by [D-Lys8] neurotensin(8-13), J Pharmacol Exp Ther 264 (1993) 1-5.
G.N. Ervin, L.S. Birkemo, C.B. Nemeroff and A.J. Prange, Jr., Neurotensin
blocks certain amphetamine-induced behaviours, Nature 291 (1981) 73-76.
P.W. Glimcher, A.A. Giovino and B.G. Hoebel, Neurotensin self-injection in the
ventral tegmental area, Brain Res 403 (1987) 147-150.
P.W. Glimcher, D.H. Margolin, A.A. Giovino and B.G. Hoebel, Neurotensin: a
new 'reward peptide', Brain Res 291 (1984) 119-124.
D. Gully, M. Canton, R. Boigegrain, F. Jeanjean, J.C. Molimard, M. Poncelet, C.
Gueudet, M. Heaulme, R. Leyris, A. Brouard and et al., Biochemical and
pharmacological profile of a potent and selective nonpeptide antagonist of the
neurotensin receptor, Proc Natl Acad Sci U S A 90 (1993) 65-69.
E. Hermans, J.N. Octave and J.M. Maloteaux, Receptor mediated internalization
of neurotensin in transfected Chinese hamster ovary cells, Biochem Pharmacol 47
(1994) 89-91.
E. Hetier, A. Boireau, P. Dubedat and J.C. Blanchard, Neurotensin effects on
evoked release of dopamine in slices from striatum, nucleus accumbens and
prefrontal cortex in rat, Naunyn Schmiedebergs Arch Pharmacol 337 (1988) 1317.
S. Hogg, A review of the validity and variability of the elevated plus-maze as an
animal model of anxiety, Pharmacol Biochem Behav 54 (1996) 21-30.
J.P. Huston and M.S. Oitzl, The relationship between reinforcement and memory:
parallels in the rewarding and mnemonic effects of the neuropeptide substance P,
Neurosci Biobehav Rev 13 (1989) 171-180.
P.W. Kalivas, Neurotransmitter regulation of dopamine neurons in the ventral
tegmental area, Brain Res Brain Res Rev 18 (1993) 75-113.
P.W. Kalivas, C.B. Nemeroff and A.J. Prange, Jr., Increase in spontaneous motor
activity following infusion of neurotensin into the ventral tegmental area, Brain
Res 229 (1981) 525-529.
E. Kertes, K. Laszlo, B. Berta and L. Lenard, Positive reinforcing effects of
substance P in the rat central nucleus of amygdala, Behav Brain Res 205 (2009)
307-310.
S. Killcross, T.W. Robbins and B.J. Everitt, Different types of fear-conditioned
behaviour mediated by separate nuclei within amygdala, Nature 388 (1997) 377380.
P.J. Kraemer, R.W. Brown, S.A. Baldwin and S.W. Scheff, Validation of a singleday Morris Water Maze procedure used to assess cognitive deficits associated
with brain damage, Brain Res Bull 39 (1996) 17-22.
F. Le, B. Cusack and E. Richelson, The neurotensin receptor: is there more than
one subtype?, Trends Pharmacol Sci 17 (1996) 1-3.
J.E. LeDoux, J. Iwata, P. Cicchetti and D.J. Reis, Different projections of the
central amygdaloid nucleus mediate autonomic and behavioral correlates of
conditioned fear, J Neurosci 8 (1988) 2517-2529.

18

[26]
[27]
[28]
[29]
[30]
[31]

[32]

[33]

[34]
[35]

[36]
[37]
[38]
[39]

Y.F. Lu, A. Moriwaki, Y. Hayashi, K. Tomizawa, T. Itano and H. Matsui, Effects
of neurotensin on neurons in the rat central amygdaloid nucleus in vitro, Brain
Res Bull 40 (1996) 135-141.
R. Markstein and P. Emson, Effect of neurotensin and its fragments neurotensin(1-6) and neurotensin-(8-13) on dopamine release from cat striatum, Eur J
Pharmacol 152 (1988) 147-152.
J.L. McGaugh, I.B. Introini-Collison, L.F. Cahill, C. Castellano, C. Dalmaz, M.B.
Parent and C.L. Williams, Neuromodulatory systems and memory storage: role of
the amygdala, Behav Brain Res 58 (1993) 81-90.
R. Morris, Developments of a water-maze procedure for studying spatial learning
in the rat, J Neurosci Methods 11 (1984) 47-60.
R.G. Morris, P. Garrud, J.N. Rawlins and J. O'Keefe, Place navigation impaired in
rats with hippocampal lesions, Nature 297 (1982) 681-683.
E. Moyse, W. Rostene, M. Vial, K. Leonard, J. Mazella, P. Kitabgi, J.P. Vincent
and A. Beaudet, Distribution of neurotensin binding sites in rat brain: a light
microscopic radioautographic study using monoiodo [125I]Tyr3-neurotensin,
Neuroscience 22 (1987) 525-536.
M. Poncelet, C. Gueudet, D. Gully, P. Soubrie and G. Le Fur, Turning behavior
induced by intrastriatal injection of neurotensin in mice: sensitivity to non-peptide
neurotensin antagonists, Naunyn Schmiedebergs Arch Pharmacol 349 (1994) 5760.
T.A. Pugsley, H.C. Akunne, S.Z. Whetzel, S. Demattos, A.E. Corbin, J.N. Wiley,
D.J. Wustrow, L.D. Wise and T.G. Heffner, Differential effects of the nonpeptide
neurotensin antagonist, SR 48692, on the pharmacological effects of neurotensin
agonists, Peptides 16 (1995) 37-44.
A. Reches, R.E. Burke, D. Jiang, H.R. Wagner and S. Fahn, Neurotensin interacts
with dopaminergic neurons in rat brain, Peptides 4 (1983) 43-48.
M. Reinecke, Neurotensin. Immunohistochemical localization in central and
peripheral nervous system and in endocrine cells and its functional role as
neurotransmitter and endocrine hormone, Prog Histochem Cytochem 16 (1985) 1172.
P.P. Rompre, P. Bauco and A. Gratton, Facilitation of brain stimulation reward by
mesencephalic injections of neurotensin-(1-13), Eur J Pharmacol 211 (1992) 295303.
W.B. Rowe, S. Kar, M.J. Meaney and R. Quirion, Neurotensin receptor levels as a
function of brain aging and cognitive performance in the Morris water maze task
in the rat, Peptides 27 (2006) 2415-2423.
V. Seutin, L. Massotte and A. Dresse, Electrophysiological effects of neurotensin
on dopaminergic neurones of the ventral tegmental area of the rat in vitro,
Neuropharmacology 28 (1989) 949-954.
D.J. Smith, A.A. Hawranko, P.J. Monroe, D. Gully, M.O. Urban, C.R. Craig, J.P.
Smith and D.L. Smith, Dose-dependent pain-facilitatory and -inhibitory actions of
neurotensin are revealed by SR 48692, a nonpeptide neurotensin antagonist:
influence on the antinociceptive effect of morphine, J Pharmacol Exp Ther 282
(1997) 899-908.

19

[40]

[41]

[42]
[43]
[44]

[45]
[46]

R. Steinberg, P. Brun, M. Fournier, J. Souilhac, D. Rodier, G. Mons, J.P.
Terranova, G. Le Fur and P. Soubrie, SR 48692, a non-peptide neurotensin
receptor antagonist differentially affects neurotensin-induced behaviour and
changes in dopaminergic transmission, Neuroscience 59 (1994) 921-929.
G. Tirado-Santiago, G. Lazaro-Munoz, V. Rodriguez-Gonzalez and C.S.
Maldonado-Vlaar, Microinfusions of neurotensin antagonist SR 48692 within the
nucleus accumbens core impair spatial learning in rats, Behav Neurosci 120
(2006) 1093-1102.
K. Toth, K. Laszlo and L. Lenard, Role of intraamygdaloid acylated-ghrelin in
spatial learning, Brain Res Bull 81 (2010) 33-37.
T.M. Tzschentke, Measuring reward with the conditioned place preference
paradigm: a comprehensive review of drug effects, recent progress and new
issues, Prog Neurobiol 56 (1998) 613-672.
F. Vandenbulcke, D. Nouel, J.P. Vincent, J. Mazella and A. Beaudet, Ligandinduced internalization of neurotensin in transfected COS-7 cells: differential
intracellular trafficking of ligand and receptor, J Cell Sci 113 ( Pt 17) (2000)
2963-2975.
J.P. Vincent, J. Mazella and P. Kitabgi, Neurotensin and neurotensin receptors,
Trends Pharmacol Sci 20 (1999) 302-309.
G.P.a.C. Watson, The rat brain in stereotaxic coordinates, Academic Press, New
York (1986).

8. LIST OF PUBLICATIONS

7.1. Publications related to this thesis
K. Laszlo, K. Toth, E. Kertes, L. Peczely and L. Lenard, The role of neurotensin
in positive reinforcement in the rat central nucleus of amygdala, Behav. Brain
Res. 208 430-435. (2010) (IF:3,171)
K. Laszlo, K. Toth, E. Kertes, L. Peczely, T. Ollmann and L. Lenard, Effects of
neurotensin in amygdaloid spatial learning mechanisms, Behav. Brain Res. 210
280-283. (2010) (IF:3,171)
7.2. Further publications
K. Toth, K. Laszlo, E.E. Bagi, E. Lukacs and L. Lenard, Effects of
intraamygdaloid microinjections of acylated-ghrelin on liquid food intake of rats,
Brain Res. Bull 77 (2008) 105-111. (IF:2,281)
E. Kertes, K. Laszlo, B. Berta and L. Lenard, Effects of substance P
microinjections into the globus pallidus and central nucleus of amygdala on

20

passive avoidance learning in rats, Behav. Brain Res. 198 (2009) 397-403.
(IF:3,171)
E. Kertes, K. Laszlo, B. Berta and L. Lenard, Positive reinforcing effects of
substance P in the rat central nucleus of amygdala, Behav. Brain Res. 205 (2009)
307-310. (IF:3,171)
K. Toth, K. Laszlo, E. Lukacs and L. Lenard, Intraamygdaloid microinjection of
acylated-ghrelin influences passive avoidance learning, Behav. Brain Res. 202
(2009) 308-311. (IF:3,171)
K. Toth, K. Laszlo and L. Lenard, Role of intraamygdaloid acylated-ghrelin in
spatial learning, Brain Res. Bull 81 (2010) 33-37. (IF:2,281)
E. Kertes, K. László, B. Berta, L. Lénárd, Positive reinforcing effects of
substance P in the rat globus pallidus revealed by conditioned place preference,
Behav. Brain Res, Volume 215, Issue 1, 20 December 2010, Pages 152-155.
(IF:3,171)
7.3. Abstracts published in international journals
E. Kertes, K. László, P. Sándor, L. Lénárd: Influence of learning and anxiety by
subtance P in the globus pallidus and amygdala. Acta Neurobiol Exp, Vol. 63: p.:
56, 2003.
E. Kertes, K. László, L. Lénárd: Involvement of NK1 receptors in the effects of
substance P injected into the rat central nucleus of amygdala. Clinical Neurosci.,
56(2): p:46-47, 2003.
K. László, E. Kertes, K. Tóth, O.K. Várady, Sz. Tálos, L. Lénárd: The role of
neurotensin and neurotensin-1 receptor antagonist (SR 48692) in positive
reinforcement. Acta Physiol. Hung., 93: 201-202, 2006.
Olga Hangodi, Barbara Urbán, Péter Inkő, Szilvia Tálos, Kristóf László, Éva E.
Bagi, Éva M. Fekete, Balázs Lukáts, László Lénárd, Yutaka Oomura, Shuji Aou
Behavioral effects of orexin-A in the bed nucleus of stria terminalis of rat
International Congress Series, Volume 1301, July 2007, Pages 234-237
Tóth K., Lukács E., László K., Bagi E. E., Lénárd L.: Effects of intraamygdalar
injection of ghrelin on liquid food and water intake. Clinical Neuroscience 59 (1
suppl.), 66, 2007.
K. László, K. Tóth, E. Kertes, O.K. Várady, R. Bárdosi, L. Lénárd: Effect of
neurotensin in amygdaloid learning mechanisms. Clinical Neuroscience, 60(1):
p.: 39, 2007.
21

Tóth K., László K., Lukács E., Lénárd L.: Intra-amygdaloid ghrelinerg
mechanisms in different learning paradigms. Acta Physiologica Hungarica, 94(4):
398, 2007.
László K., Tóth K., Bárdosi R., Oláh-Várady K., Kertes E., Lénárd L.: The role
of neurotensin in Morris water maze and passive avoidance paradigm. Acta
Physiologica Hungarica, 94(4): 369-370, 2007.
Oláhné Várady K., L. Péczely, K. László, E. Kertes, B. Berta, L. Lénárd:
Application of D1 receptor antagonist prevents learning enhancement induced by
D1 receptor agonist in the ventral pallidum. Acta Physiologica Hungarica, 94(4):
382, 2007.
E. Kertes, K. László, B. Berta, L. Lénárd: Effects of substance P injected into the
rat globus pallidus or central nucleus of amygdala on passive avoidance learning.
Frontiers in Neurosci., 2010, Conference abstract : IBRO International Workshop
2010. (doi: 10.3389/conf.fnins.2010.10.00161)
K. László, K. Tóth, E. Kertes, L. Péczely, T. Ollmann, L. Lénárd: The role of
intraamygdaloid neurotensin receptor 1 in Morris water maze paradigm. Frontiers
in Neurosci., 2010, Conference abstract : IBRO International Workshop 2010.
(doi: 10.3389/conf.fnins.2010.10.00161)
K. Tóth, K. László, L. Lénárd: Amygdaloid acylated-ghrelin injections induce
changes in serum metabolit concentrations. Frontiers in Neurosci., 2010,
Conference abstract : IBRO International Workshop 2010. (doi:
10.3389/conf.fnins.2010.10.00135)
7.4. Presentations
László Kristóf: Az amygdala centrális magjába injektált substance P tanulást
fokozó hatása úsztatási tesztben. Tudományos Diákköri Konferencia, Pécs, 2002.
László Kristóf: Az amygdala centrális magjába injektált substance P hatása
helypreferencia és elevated plus maze tesztben. Tudományos Diákköri
Konferencia, Pécs, 2003.
László Kristóf: Az amygdala centrális magjába injektált substance P hatása
helypreferencia és elevated plus maze tesztben.Országos Tudományos Diákköri
Konferencia, Debrecen, 2003.
Lenard, L., Kertes, E., Laszlo, K.: Effects of substance P and NK1 receptor
antagonist WIN 62.577 in amygdaloid learning mechanisms., International
Behavioral Neuroscience Society San Juan, Puerto Rico. April 23-27, 2003.

22

László Kristóf: Az amygdala centrális magjába injektált substance P hatásának
vizsgálata magatartási tesztekben, patkányokon. Dékáni Pályamunka, 2003.
László Kristóf, Tálos Szilvia: Az amygdala centrális magjába injektált substance
P helytanulást fokozó hatása Morris féle úsztatási tesztben. Tudományos Diákköri
Konferencia, Pécs, 2004.
Tálos Szilvia, László Kristóf: Az amygdala centrális magjába injektált
neurotensin hatása helypreferencia és elevated plus maze tesztben. Tudományos
Diákköri Konferencia, Pécs, 2004.
Inkő Péter, Tálos Szilvia, László Kristóf: Az amygdala centrális magjába
injektált orexin A hatása helypreferencia, open field és elevated plus maze
tesztben. Országos Tudományos Diákköri Konferencia, Szeged 2005.
Hangodi, O., B. Urbán, P. Inkő, Sz. Tálos, K. László, L. Lénárd: Az orexin-A
hatásának vizsgálata az amygdalában kondícionált helypreferncia, open field és
elevated plus maze tesztben. A MÉT LXIX. Vándorgyűlése, P74, p.: 98, 2005.
Olga Hangodi, B. Urbán, P .Inkő, Sz. Tálos, K. László and L. Lénárd Behavioral
examination of the effects of orexin-A in the amygdaloid body LXIX. Conference
of the Hungarian Society of Physiology, June 2-4, 2005, Budapest, Hungary
Tóth K., Lukács E., László K., Bagi E. E., Lénárd L.: Effects of intraamygdalar
injection of ghrelin on liquid food and water intake. International IBRO
Workshop, Budapest, 2006. Poster. Abstract book p.:94.
László, Kristóf, Kertes, Erika, Várady, Katalin, Tálos, Szilvia, Inkő, Péter,
Lénárd, László: Positive reinforcement effect of Neurotensin injected into the rat
central nucleus of amygdale IBRO Workshop 2006. Bp.
Oláhné Várady, Katalin, Kertes, Erika, László, Kristóf, Péczely, László, Berta,
Beáta, Lénárd, László: Ventral palldal learning mechanisms: The role of D1
receptors IBRO Workshop 2006. Bp.
Olga Hangodi, B. Urbán, P. Inkő, Sz. Tálos, K. László, É.E. Bagi, É. M. Fekete,
B. Lukáts, L. Lénárd, Y. Oomura, and S. Aou The action of orexin-A on learning
and anxiety in the bed nucleus of stria terminalis FENS FORUM 2006, July 8-12,
2006, Vienna, Austria
Olga Hangodi, B. Urbán, P. Inkő, Sz. Tálos, K. László, É.E. Bagi, É. M. Fekete,
B. Lukáts, L. Lénárd, Y. Oomura, and S. Aou Complex behavioral functions of
orexin-A in the bed nucleus of stria terminalis 36th Annual Meeting of the
Society for Neuroscience, October 14-18, 2006, Atlanta, Georgia, USA

23

Olga Hangodi, B. Urbán, P. Inkő, Sz. Tálos, K. László, É. E. Bagi, É. Fekete, B.
Lukáts, L. Lénárd, Y. Oomura and S. Aou Behavioral effects of orexin-A in the
bed nucleus of stria terminalis of rat In International Congress Series (Vol. 1301),
Elsevier Annual Meeting of the Hungarian Neuroscience Society (2006)
Tóth K., László K., Lukács E., Bagi E. E., Lénárd L: Intraamygdaláris ghrelin
mikroinjekció hatása patkány táplálékfelvételére és spontán motoros aktivitására.
MÉT 70. Vándorgyűlése, Szeged, 2006. Előadás.
László K., Kertes E., Tóth K., Oláhné Várady K., Tálos Sz., Lénárd L.: A
neurotenzin és a neurotenzin-1 receptor antagonista (SR 48692) szerepe a pozitív
megerősítésben. MÉT 70. Vándorgyűlése, Szeged, 2006. Előadás.
K. Tóth, K. László, É.E. Bagi, L. Lénárd: Ghrelinergic effect on feeding and
spontaneous motor activity of rats in the amygdala. FENS, Vienna, 2006. Poster.
K. László, E. Kertes, K. Tóth, K. Oláh-Várady, É.E. Bagi, Sz. Tálos, L. Lénárd:
The role of neurotrnsin in positive reinforcement. FENS, Vienna, 2006. Poster.
Tóth K., László K., Lukács E., Lénárd L.: Effects of intraamygdaloid ghrelin on
passive avoidance learning. A MITT Xll. Kongresszusa, Szeged, 2007. Január 2527. Poszter.
K. László, K. Tóth, E. Kertes, K. Oláh-Várady, R. Bárdosi, L. Lénárd: Effect of
neurotensin in amygdaloid learning mechanisms. A MITT Xll. Kongresszusa,
Szeged, 2007. Január 25-27. Poszter.
Olga Hangodi, B. Lukáts, P. Inkő, K. László, L. Lénárd, Y. Oomura, S. Aou In
vivo and in vitro effects of orexin-A in the bed nucleus of stria terminalis 10th
Tamagawa-Riken Dynamic Brain Forum, March 5-7, 2007, Hakuba, Japan
Tóth K., Lukács E., László K., Bagi É. E., Lénárd L.: Intraamygdaloid acylated
ghrelin causes food intake decrease. European Congress of Obesity 2007,
Satellita: Táplálkozás, Metabolizmus és az Agy, Tihany, Hungary, Április 25-27.
Poszter.
Lénárd L., Fekete É., Tóth K., Hangodi O., Bagi É. E., Laszló K., Urbán B.:
Anorexigenic and orexigenic peptides influence feeding releated regulation in the
amygdaloid body. European Congress of Obesity 2007, Satellita: Táplálkozás,
Metabolizmus és az Agy, Tihany, Hungary, Április 25-27. Előadás.
Tóth K., László K., Lukács E., Lénárd L.: Intraamygdaláris ghrelinerg
mechanizmusok vizsgálata különböző tanulási paradigmákban. A Magyar Élettani
Társaság LXXI. Vándorgyűlése, Pécs, június 6-8, 2007. Előadás C.4.2.

24

László K., Tóth K., Bárdosi R., Oláh-Várady K., Kertes E., Lénárd L.:
Neurotenzin hatásainak vizsgálata Morris féle úsztatási tesztben és passzív
elhárító szituációban. A Magyar Élettani Társaság LXXI. Vándorgyűlése, Pécs,
június 6-8, 2007. Előadás C.4.4.
K. Tóth , E. Lukács , K. László , L. Lénárd: Role of intraamygdaloid acylatedghrelin in learning. Programme of European Neuroscience Schools, Advanced
Course in Neuroplasticity. PENS Blackwell Summer School 2007. September 511, 2007, Rome, Italy. Poster.
Tóth K., László K., Lukács E., Lénárd L.: Effect of acylated ghrelin on learning
and memory processes in the amygdala. Meeting of European Brain and
Behaviour Society, September 15-19, 2007. Triest, Italy. Poster.
Tóth K., Lukács E., László K., Lénárd L.: Acylated-ghrelin microinjection into
the amygdaloid body elevates blood glucose level and decreases food intake.
International IBRO Workshop, Debrecen, Hungary, Jan. 23-26, 2008. Poster.
Abstract book p.:47.
K. László, K. Tóth, R. Bárdosi, Á. Molnár, E. Kertes, K. Oláh-Várady, L. Lénárd:
Enhancement of passive avoidance learning by Neurotensin injected into the rat
central nucleus of amygdale. International IBRO Workshop, Debrecen, Hungary,
Jan. 23-26, 2008. Poster. Abstract book p.:36.
K. László, R. Bárdosi, L. Péczely, Á. Molnár, Sz. Sánta, E. Kertes, K. OláhVárady, K. Tóth, L. Lénárd: The role of neurotensin- dopamine interactions in
positive reinforcement. 72nd Joint Meeting of the Hungarian Physiological
Society,Debrecen, Hungary, jun 4-6, 2008. Oral Presentation. Abstract book
p.:86. Acta Physiologica Hungarica, 96(1): 96-97, 2009.
Tóth K., László K., Lukács E., Lénárd L.: Blood glucose increasing and food
intake decreasing effects of intraamygdaloid ghrelin. 72nd Joint Meeting of the
Hungarian Physiological Society,Debrecen, Hungary, jun 4-6, 2008. Oral
Presentation. Abstract book p.:127.
Laszlo K., Bardosi R., Molnar A., Santa S., Toth K., Kertes E., Olah-Varady K.
and Lenard L.: Effects of neurotensin and D2 dopamine receptor antagonist in
amygdaloid reinforcing mechanisms. 6th FENS, Abstr., vol.4, 093.5, 2008.
Toth K., Laszlo K., Lukacs E. and Lenard L.: Intraamygdaloid acylated-ghrelin
potentiates place- and avoidance learning. 6th FENS Abstr., vol.4, 158.30, 2008.
László K, Molnár Á., Tóth K., Péczely L., Kertes E., Lénárd L.: The role of
neurotensin and dopamine interaction in spatial learning mechanism, 12th
Meeting of the Hungarian Neuroscience Society, January, Budapest, Hungary,
2009. (doi: 10.3389/conf.neuro.01.2009.04.097).

25

Kertes E., László K., Berta B., Lénárd L.: Positive reinforcing and anxiolytic
effects of substance P injected into the rat globus pallidus. 12th Meeting of the
Hungarian Neuroscience Society, January, Budapest, Hungary, 2009. (doi:
10.3389/conf.neuro.01.2009.04.095).
Tóth K., László K., Lukács E., Lénárd L.: Microinjections of ghrelin into the
amygdaloid body enhance memory processes. MITT XIII. Kong.. MTA Székház,
Budapest, 2009.
László K., Molnár Á., Tóth K., Péczely L., Kertes E., Lénárd L.: Neurotenzindopamin interakciók jelentősége passzív elhárító tanulásban A Magyar Élettani
Társaság LXXIII. Vándorgyűlése, Budapest, 2009.
László K., Tenk J., Tóth K., Kertes E., Ollmann T., Péczely L., Lénárd L.
Intraamygdaloid neurotenzin-1 receptor és dopamin D2 receptor szerepe
helytanulási folyamatok szabályozásában A Magyar Élettani Társaság LXXIV.
Vándorgyűlése, Szeged, 2010. Poszter könyv: 135. o.
Tóth K., László K., Lénárd L. Az intraamygdaloid acylált-ghrelin csökkenti, míg
a desacylált-ghrelin nem okoz változást a táplálék felvételben. A Magyar Élettani
Társaság LXXIV. Vándorgyűlése, Szeged, 2010. Poszter könyv: 143. o.
Kertes E., László K., Berta B., Lénárd L.: The role of substance P in memory
formation studied by passive avoidance paradigm. FENS Abstract, Vol: 6 146, 24,
2010.

26

