
VIII. SUMMARY 

 

 

At the core of development of neurodegenerative diseases there is  

an irreversible damage and, consequently, accelerated death of the nerve cells. AD is 

an example of a disease associated with neurodegeneration of cholinergic neurons. The 

pathomechanism of this disease includes such processes as: excitotoxicity, energy 

deficit, oxidative stress and inflammatory reactions (Zabłocka, 2006). In the course of 

AD, it comes to degeneration of cholinergic neurons, which leads to reduction in ACh 

levels. As the effect of these changes, impairment of cholinergic transmission follows, 

which then results in typical symptoms of this disease. (Wang et al., 2008). 

The main symptom of AD are dysfunctions related to the formation of memory 

pathways, however, no less significant disturbances in the emotional sphere are also 

observed, i.e. anxiety, depression, psychosis, often appearing as a consequence of 

memory deficits. (Zlatar et al., 2018). 

Pharmacotherapy of AD focuses primarily on alleviating memory impairment 

and employs two strategies for this purpose: cholinergic and glutamate (Brenner and 

Stevens, 2010). The decrease in the concentration of the neurotransmitter crucial for 

cognitive processes - ACh, still remains the main target of symptomatic treatment  

of AD (cholinergic strategy). In order to maintain the functions of the cholinergic 

system and increase the level of ACh, IAChE is used (Sobów, 2010). The increase 

in ACh concentration induced by IAChE not only promotes the improvement of 

cognitive functions, but also inhibits the formation of neurotoxic βA (Vetulani, 2010). 

Unfortunately, this therapy does not regulate the emotional state of the patient, so it 

does not alleviate the emotional symptoms common in AD (Zubenko, 2000). In 

addition, many IAChEs also cause development of depression by increasing the levels 

of ACh in the CNS as a side effect of mainstream AD therapy (Zlatar et al., 2018). 

Therefore, it is justified to thoroughly understand the mechanisms determining the 

development of AD, and thus responsible for the symptoms of this disease, in order to 

be able to search for new strategies that could potentially be used in modulating the 

course of AD in the future. 

High hopes for the treatment and control of AD symptoms are associated with 

the ECS. The ECS, through CB receptors, located both in the CNS and on the 

periphery, plays a very important role in processes related to emotions and memory. 



Currently, the problem of AD affects more and more people. Taking into 

account the fundamental role of the cholinergic system in the pathogenesis of AD, as 

well as the above-mentioned significant influence of the ECS on cognitive processes 

and anxiety disorders that are disturbed in the course of AD, it seems extremely 

important to capture the interactions between these neurotransmitter systems. The 

mechanisms involved in the relationship between the cholinergic system and the ECS 

in the context of AD have not been sufficiently understood. 

The aim of the presented study was to determine the interaction between the 

ECS and the cholinergic system, the dysfunction of which, as already mentioned, is of 

key importance in the pathomechanism of AD. 

In the presented study, the effect of modulating compounds was assessed 

directly (oleamide - CB1 receptor agonist, AM 251 - CB1 receptor antagonist, WIN 

55,212-2 - CB1 / CB2 agonist, JWH 133 - CB2 receptor agonist, AM 630 - CB2 

receptor antagonist) and indirectly ( URB 597 - inhibitor of the enzyme that degrades 

AEA - FAAH, JZL 184 - inhibitor of the enzyme degrading 2-AG - MAGL) ECS 

functions, on cognitive processes and anxiety behaviour in mice. Efforts were also 

made to assess the interactions between the ECS and the cholinergic system in the 

context of the above processes. 

The PA test was used to assess cognitive processes, while the EPM test was 

used to assess anxiety behaviour. 

In the first part of the study, the influence of a single administration of 

substances modulating the activity of the ECS, directly and indirectly, on the 

processes of memory acquisition and consolidation in the PA test in mice was 

assessed. Moreover, in order to determine the interactions between the ECS and the 

cholinergic system, the influence of a single administration of the above-mentioned 

substances on cognitive processes modified by the injection of the cholinergic system 

ligands: nicotine and scopolamine was investigated. Nicotine and scopolamine were 

used in effective doses, and nicotine additionally in a subliminal dose in the PA test in 

mice. 

Based on the conducted studies, it was found that selective stimulation of CB1 

receptors and non-selective stimulation of CB receptors (CB1 / CB2), as well as 

inhibition of the activity of the FAAH enzyme, lead to memory impairment. In turn, 

the blockade of CB1 and CB2 receptors and stimulation of CB2 receptors cause 

procognitive effects. 



In the course of experiments, in accordance with the available literature data, 

the effect of nicotine and scopolamine on memory was also confirmed: a single 

injection of nicotine led to procognitive effect, while a single injection of scopolamine 

showed an amnestic effect. 

Subsequently, it was shown that combined administration of an ineffective 

dose of nicotine and an ineffective dose of the CB1 agonist impairs the formation of 

memory pathways. On the other hand, the combined administration of an ineffective 

dose of nicotine and an ineffective dose of a CB2 agonist, as well as an antagonist of 

CB2 receptors or an inhibitor of the enzyme degrading 2-AG (MAGL inhibitor) 

significantly improves cognitive effects in mice in the PA test. 

The aim of subsequent experiments was to evaluate the effect of substances 

directly and indirectly modulating the action of the ECS on nicotine-induced 

procognitive effects or scopolamine-induced amnestic effects in the PA test in mice. 

Direct modulation of the ECS by stimulation of CB1 receptors and indirect 

modulation by blockade of endocannabinoid degradation, caused by inhibition of the 

MAGL enzyme, results in reduction of the procognitive effects induced by nicotine. 

However, in the case of scopolamine, the amnestic effect was impaired both by direct 

modulation (blockade of CB1 receptors and both stimulation and blockade of CB2 

receptors) and indirect modulation (as a result of inhibition of the FAAH enzyme). 

 

On the other hand, in the second part of the study, anxiety behaviour was 

assessed in the EPM test in mice. 

First, the effect of CB receptor ligands and FAAH and MAGL inhibitors on 

anxiety behaviour was assessed. 

The ligands of both CB1 and CB2 receptors have been found to have 

anxiogenic effects. The exception is the non-selective CB1/CB2 agonist, which has an 

anxiolytic effect. Substances which modulate the activity of ECS indirectly (inhibitor 

of the enzyme decomposing AEA - FAAH inhibitor and inhibitor of the enzyme 

decomposing 2-AG - MAGL inhibitor) do not influence anxiety-related behaviour. 

Subsequent experiments were aimed at assessing direct and indirect 

involvement of the ECS in the anxiety behaviour induced by the ligands of the 

cholinergic system. 

Based on the research carried out, it was confirmed that both nicotine and 

scopolamine administered once, have an anxiogenic effect. 



Direct modulation of the functioning of the ECS (by stimulation of CB1 

receptors) and indirect modulation (as a result of inhibition of the action of 

endocannabinoid-degrading enzymes - FAAH and MAGL inhibitors), reduce the 

nicotine-induced anxiogenic effects. 

On the other hand, direct influence on the ECS (by stimulation of CB1, 

CB1/CB2 receptors and blockade of CB2 receptors), as well as indirect modulation of 

the ECS (by inhibition of endocannabinoid decomposition, caused by blocking the 

MAGL enzyme), leads to attenuation of anxiogenic effects induced by scopolamine. 

The results presented of innovative studies allow to broaden the knowledge 

about the mechanisms underlying the processes related to remembering information 

and emotions. They also allow for a deeper assessment of the interaction of the ECS 

and the cholinergic system, which may be helpful in the proper selection of 

pharmacotherapy for AD. An extremely important aspect of AD treatment is the 

control of anxiety states that accompany cognitive disorders. Emotional state of the 

patient significantly affects the entire course of treatment, and the modulation of 

anxiety behaviour that accompanies memory disorders may contribute to the 

improvement of the effectiveness of therapy, therefore it seems essential to search for 

new ways of treating both memory-related and emotional disorders in the course of 

AD . 

On the basis of the results presented, it can be suggested that not only 

compounds modulating the functioning of the ECS directly, but also substances 

influencing its actions indirectly, may provide new, promising prospects for the 

development of more effective directions of pharmacotherapy for AD. 

 


