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INTRODUCTION 
 
 
 

The use of the domestic chick in neurobiological research has many advantages: the 

newly hatched chick – being precocial – shows a wide range of behaviors of the adult bird, 

while the earlier experiences do not influence its behavior. The brain of the newly hatched 

chick is well developed, yet it still shows the plasticity of a young animal. One widely used 

model is the passive avoidance learning paradigm (Passive Avoidance Learning = PAL) in 

young domestic chicks, which is an early adaptive form of learning. On the first days of their 

life, chicks start to distinguish edible from non-edible or distasteful objects. During the 

laboratory test chicks are presented with a small bead coated with the bitter-tasting 

methylantranilate. Chicks that peck such a bead show a peculiar disgust response (backing 

away, shaking their heads, and wiping their bills) and after one trial the animal learns not to 

peck at similar object again. The passive avoidance task has the merits of being rapid and 

sharply timed; therefore the timing of the molecular events of the memory formation can be 

well defined.  

The brain areas and the temporal cascade of memory formation related to PAL are 

well defined by now. Three telencephalic regions were shown to play a pivotal role in PAL: 

the intermediate medial mesopallium (IMM), the amygdaliod arcopallium and the medial 

striatum (MSt). 

The avian MSt, together with the lateral striatum (LSt) is considered equivalent to the 

mammalian dorsal striatum, primarily relevant to locomotor patterns. Conversely, the ventral 

striatum of both mammals and birds contains the nucleus accumbens, instrumental in reward-

related and addictive behaviors.  

 

 

 



OBJECTIVES 
 
 

The present work focuses on a striatal pathway instrumental in passive avoidance 

learning in day-old domestic chicks, and the role of the endocannabinoid system in reward-

related behaviors in avian and mammalian systems. We addressed the following questions: 

 

1. How can the terminal pattern of the axons originating form the arcopallium projecting to 

the medial striatum/nucleus accumbens be described? What is the occurrence of L-aspartate 

and L-glutamate in excitatory synapses in the medial striatum of the domestic chick? Could 

the L-aspartate play a role in the synaptic signaling in the striatal pathways instrumental in 

passive avoidance learning?   

 

2. Does the cannabinoid system have any effect on reward-related dopamine release in the 

mouse nucleus accumbens? What is the effect of blocking the cannabinoid receptors on the 

alcohol-induced dopamine release? 

 

3. Does the endogenous cannabinoid system play a role in the passive avoidance learning of 

day-old domestic chicks? 

 



1. DIFFERENTIAL DISTRIBUTION OF L-ASPARTATE AND L-GLUTAMATE 
IMMUNOREACTIVE STRUCTURES IN THE ARCOPALLIUM AND MEDIAL 
STRIATUM OF THE DOMESTIC CHICK 
 
 

Introduction 

 

The IMM-arcopallium-MSt system is thought to play a pivotal role in memory 

formation during passive avoidance learning in day-old domestic chicks. The striatal afferents 

originate from the arcopallium (part of which is homologous to the mammalian amygdala) 

and terminate in the MSt, forming varicosities with asymmetrical axospinous synapses. L-

Glutamate (Glu) immunolabeling was not found to be associated with afferents arising from 

the arcopallium. This finding suggests that the arcopallial-MSt pathway contains an excitatory 

neurotransmitter different from Glu. 

 L-Aspartate (Asp) is a putative neurotransmitter in some systems. Several studies 

showed that Asp is present in synaptic vesicles and released exocytotically from presynaptic 

terminals, making Asp a strong candidate as an excitatory neurotransmitter. However, the 

distribution and function of Asp in avian systems have not yet been studied. 

To corroborate the putative role of Asp in the arcopallium-MSt system we investigated 

the correlative distribution of Asp and Glu in the neurons of the arcopallium and in the MSt, 

the target area of their projections. Single and double immunocytochemical approaches were 

used to investigate Asp-immunoreactive (Asp+) and Glu-immunoreactive (Glu+) neurons, 

both at light and electron microscopic levels. 

 

Materials and methods 

 

A, Glu and Asp double-label light microscopic immunohistochemistry: 

 

Nine 2-week-old domestic chicks were used for the experiment. 

1. Transcardial perfusion with 4% paraformaldehyde + 1% glutaraldehyde in 0.1 M PB 

2. 60 µm thick, coronal, floating vibratome sections 

3.  Monoclonal mouse anti-Glu antibody (Swant) 1:1000 dilution in PBS containing 1% 

NGS and 0.3% Triton X-100, for 48 h at 4ºC 

4. Cy3-conjugated anti-mouse antibody (Jackson), 3h, 20 ºC 

5. Polyclonal rabbit anti-Asp antibody (Sigma) 1:1000 dilution in PBS containing 1% 

NGS and 0.3% Triton X-100, for 48h at 4˚C.  



6. Alexa Fluor 488 anti-rabbit IgG (Molecular Probes) 1:500 dilution in PBS, for 3 h at 

20 ºC 

7. Sections were mounted in PBS-Glycerol 1:1 and viewed with BioRad Rainbow 2000 

Confocal Microscope System 

8. For quantitative analysis: Nissl.staining in several sections 

9. Counting and data analysis: the immunoreactive cells were manually counted and the 

counts were compared with cell density values from paralell Nissl-stained sections. 

For statistical analysis, we performed Wilcoxon test in SPSS 10.0 software 

 

B, Postembedding electronmicroscopic immunocytochemistry: 

 

Four 2-week-old domestic chicks were used. 

1. Transcardial perfusion with 4% paraformaldehyde + 1% glutaraldehyde in 0.1 M PB 

2. The MSt was dissected from the brains and osmicated using 1 % OsO4 for 1 h 

3. Dehydratation (graded series of ethanol, propylene oxid); flat embedding (Durcupan) 

4. Ultrathin sections were cut with a Reichert ultramicrotome and placed on Formvar-

coated single slot nickel specimen grids 

5. The staining protocol followed the colloidal gold method of Somogyi and Hodgson 

(1985): 

6. Deosmification with 1% periodic acid (6 min) followed by 1% sodium metaperiodate 

(7 min)   

7. Monoclonal mouse anti-Glu antibody  (Swant) 1:1500; in PBS containing 1% NGS; 2 

h at 20ºC 

8. Polyclonal rabbit anti-Asp antibody (Sigma) 1:7000; in PBS containing 1% NGS; 2 h 

at 20ºC 

9. Anti-mouse IgG conjugated with colloidal gold (British Biocell; particle size: 10 nm; 

1:20 dilution in 0.05 M Tris-HCl, pH=7.4, containing 1 % w/v BSA and 0.5 % v/v 

Tween-20; 20 min at 20 ºC 

10. Anti-rabbit IgG conjugated with colloidal gold (British Biocell; particle size: 15 nm; 

1:25 dilution in 0.05 M Tris-HCl, pH=7.4, containing 1 % w/v BSA and 0.5 % v/v 

Tween-20; 20 min at 20 ºC 

11. Counterstaining: uranyl acetate and lead citrate 

12. Immunospecificity controls: It was important to demonstrate that both antisera reacted 

specifically and exclusively with their respective antigenic epitope under our 

experimental conditions. We therefore applied the ‘sandwich method’ adopted from 



Ottersen el al. (1992) for testing the degree of selectivity of immunolabeling. We 

performed Asp- and Glu double electronmicroscopic immunocytochemistry on test 

sandwiches containing consecutive strips of different amino acid-

glutaraldehyde/formaldehyde-brain protein conjugates, separated by brain tissue 

‘spacers’ 

13. Data analysis: The gold particles falling over identified profiles were manually 

counted. The enrichment of gold particles over specific tissue elements was verified 

by comparison of grain density values measured over the profiles with those measured 

over the „rest” of the tissue. 

 

Results 

 

A, Glu and Asp double-label light microscopic immunohistochemistry: 

 

In the arcopallium, multiple cells were found immunoreactive to either Asp or Glu. At 

this level of observation, the perikarya were labeled as ovoid profiles. As expected, most of 

the observed neurons in the arcopallium were double-labeled; however, 15 ± 1.3 % (N = 6) of 

these were immunoreactive to Asp only. Conversely, the number of exclusively Glu-labeled 

cells was just 1.4 ± 0.4 % (N=7). In the reference region (nidopallium) significantly fewer 

(p<0.05) neurons were labeled exclusively for Asp (5.3 ± 0.8 %; N = 6). 

The distribution of Asp+ neurons over the subdivisions of the arcopallium showed 

local variations. In the posterior amygdaloid pallium (PoA) approximately 20% of all the 

neurons were immunolabeled to Asp, whereas, in other arcopallial regions, this figure varied 

between 25% and 42%, the highest percentage was observed in the dorsal arcopallium. 

 

B, Postembedding electronmicroscopic immunocytochemistry: 

 

 When we used the test system, the result of Asp and Glu immunolabeling 

demonstrated a clear specificity of both antibodies under the conditions applied. 

 By using single labeling in the MSt, we found that Asp was present in axon terminals 

with clear and round vesicles and asymmetric junctions. The colloidal gold particles observed 

in labeled terminals were often found superimposed on synaptic vesicles. Mitochondria were 

often found to be labeled. Asp labeling also occurred in dendritic profiles. In addition, Asp-

associated immunolabeling was observed in some perikaryal structures of prominently dense 

cytoplasm.  



 On double immunolabeling, Glu was associated with axon terminals forming 

asymmetric junctions. Overall, the ultrastructural appearance of Glu- or Asp-labeled terminals 

was similar, and the majority were double-labeled. However, a considerable percentage of 

boutons was immunoreactive exclusively against Asp. Certain denditic profiles were also 

singly immunoreactive to Asp and not Glu. After random counting of tissue elements 

(ignoring the enrichment of label over mitochondria), single Asp labeling was observed in 

17% of all axon terminals, 26% of all dendrites, and 7% of all cell bodies. 

 



2. THE ROLE OF THE ENDOGENOUS CANNABINOID SYSTEM IN LEARNING 

AND MOTIVATION 

 
 

Introduction 

 

The mesolimbic dopaminergic pathway is a major component of the reward system of 

the brain. This pathway arises from the ventral tegmental area and projects to the ventrobasal 

forebrain, especially to the nucleus accumbens (Ac). The mesolimbic dopaminergic system 

mediates the effect of the drugs of abuse, as well as the addictive effect of alcohol and 

nicotine. 

The marijuana (Cannabis sativa) is one of the oldest and most widely used drugs. The  

psychoactive component of marijuana is the ∆
9
-tetrahydrocannabinol (THC), which mediates 

its effect on neurons with the help of specific receptors. Chemicals having similar effect on 

the central nervous system as THC are manufactured naturally in the brain and called 

endocannabinoids. Endocannabinoids are intercellular lipid messengers acting on specific 

receptors, the cannabinoid receptors. They are mainly released from the postsynaptic neuron 

and act on the presynaptic cell as a retrograde messenger. Two main types of the cannabinoid 

receptors have been well described: the CB1 receptor (in the central nervous system) and the 

CB2 receptor (in cells of the immune system), but recent data suggest the presence of several 

other type of cannabinoid receptors. 

Nowadays, the role of the endogenous cannabinoid system in learning and memory is 

in the focus of research interest. Role of CB1 receptors in reward-related learning, aversive 

memory, striatal LTD and GABAergic transmission is well-established.  

In the present work the role of CB1-type cannabinoid receptors in learning and 

motivation was investigated in two model systems: the study of ethanol-induced dopamine 

(DA) release in transgenic mice and the passive avoidance learning of domestic chicks. 

 

2.1. The role of the CB1-type cannabinoid receptor on alcohol-induced dopamine release 

in the mouse nucleus accumbens 

 

 In the present study we examined the role of the CB1 receptor in dopaminergic 

neurotransmission by evaluating the effect of a challenging dose of alcohol on dopamine 

release in the Ac of CB1 knock-out (CB1-/-) and wild-type (CB1+/+) mice. 

 



Materials and methods 

 

• Animals used: CB1 +/+ and CB1 -/- male mice 

•  Treatment: ethanol 1.5 mg/kg i.p. in saline 

•  In vivo microdialysis: 

1. Implanting the guide cannula (CMA/7) using stereotaxic apparatus to the Ac 

2. Insertion of the microdialysis probe (CMA/7 probe, 2 mm cuprofen 

membrane), 5-6 days after the surgery 

3. Pumping artificial cerebrospinal fluid through the probe using microdialysis 

pump at a constant flow rate of 0.5 µl/min, overnight 

4. The flow rate was increased to 1 µl/min at the day of the experiment. Samples 

were taken in every 20 minutes and were analyzed immediately using HPLC 

(electrochemical detection, +650mV) 

• Histological verification of the placement of the probe: on fixed, vibratome sections, 

using cresyl violet staining 

• Data analysis: GLM repeated measures ANOVA, p < 0.05 

 

Results 

  

Basal levels of DA in the dialysate from the Ac of CB1+/+ and CB1-/- mice were 1.62 

± 0.22 and 1.5 ± 0.22 nM, respectively (mean ± SE). Alcohol administration significantly 

increased DA levels in dialysates from the Ac of wild-type mice, but no significant increase 

was observed in CB1-/- mice (p < 0.001).  

Furthermore, treating mice with the CB1 antagonist rimonabant (3 mg/kg) 40 min 

prior to administration of alcohol blocked the alcohol-induced increase of the DA levels in the 

dialysates of CB1+/+ mice. 

 

2. 2. The effect of CB1 cannabinoid receptor antagonist on passive avoidance learning of 

the domestic chick 

 

In the following study we investigated whether the endogenous cannabinoid system 

plays a role in the avian learning model used in our laboratory, the passive avoidance task in 

domestic chicks. To this end, we treated the chicks with the CB1 receptor antagonist 

rimonabant at different phases of the PAL and studied the effect on learning and memory. 



We performed two experiments. In the first experiment we investigated whether the 

CB1 antagonist administered i.p. has any effect on the learning or memory recall process. The 

second experiment was inspired by the results of the first one. Rimonabant was found to 

affect only the recall phase; hence we compared the effect of different doses administered 30 

minutes before the recall. 

 

Materials and methods 

 

• Ninety 1-day-old domestic chicks were used 

• We used the PAL paradigm, as described previously: (1) pre-training: 90 min before 

learning; (2) learning; (3) recall: 6 hours after learning 

• 1st experiment: i.p. rimonabant in a dose of 1 mg/kg ip. (in a volume of 200 µl; 

dissolved in DMSO), either 30 minutes before the training (Group 1, N=10), or 30 

minutes before the recall (Group 2, N=10). Control animals were administered with 

vehicle only (N=10).  

• 2nd experiment: three different treatment groups were distinguished, which received 

rimonabant 30 min before the recall in doses of 1 mg/kg (Group 1, N=7), 0.1 mg/kg 

(Group 2, N=8) and 0.01 mg/kg (Group 3, N=8), respectively. 

• Data analysis: Fisher exact test, p < 0.05 

 

Results 

 

In the first experiment, only the learning success of group 2 differed significantly from 

that of the control. One hundred percent of the animals in group 1, which were exposed to 

rimonabant injection 30 minutes before the training, succeeded in the passive avoidance test. 

Conversely, the majority (60%) of animals in group 2, which were injected 30 minutes before 

the recall, failed in the passive avoidance test. 

The second experiment addressed the issue of dose dependence in case of 

administration before the recall phase. We found that a dose of 0.01 mg/kg produced no 

significant impairment, whereas doses 0.1 mg/kg and 1.0 mg/kg resulted in significant 

attenuation in passive avoidance performance. 

 



CONCLUSIONS 
 
 
 

• Similarly to mammals, Asp immunoreactive areas are found in the brain of the 

domestic chick. Glu is also present in those areas, and in most neurons the 

immunoreactivity for the two amino acids completely overlaps. However, in the 

arcopallium considerable percentage of neurons show only Asp-immunopositivity 

at light microscopic level, which suggests that Asp may play a specific role – as 

distinct from Glu - in this brain area. 

• Immuno-electronmicroscopy confirmed that Asp was present in axon terminals in 

the medial striatum of domestic chicks, with clear and round vesicles and 

asymmetric junctions. The majority of boutons were double-labeled, but a 

considerable amount of boutons was selectively labeled against Asp. The results 

indicate that Asp might act as a neurotransmitter in the arcopallium/PoA-MSt 

pathway instrumental in passive avoidance learning.   

• CB1 knock-out mice exhibited lack of alcohol-induced dopamine release in the 

Ac, as compared to wild-type mice. The acute alcohol-induced increase in DA in 

Ac dialysates in wild-type mice was completely abolished by pretreatment with 

the specific CB1 receptor antagonist rimonabant. These results strongly suggest 

that the CB1 receptor system plays an important role in regulating the positive 

reinforcing properties of alcohol. 

• The endogenous cannabinoid system plays a mediating role in the consolidation of 

memory in the passive avoidance task in day-old chicks. The selective CB1 

receptor antagonist rimonabant administered before the recall phase dose-

dependently inhibits the retention of memory, suggesting that the cannabinoid 

system has a negative effect either on the molecular events connected to memory 

consolidation, or on the recall process itself. 
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