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1. Introduction, objectives 
The number of people living with various neurocognitive disorders has increased 

dramatically in the recent decades. This growing trend affects not only patients but also 

their environments, the healthcare system and also has economic implications at a 

global level. In order to address this problem, numerous research programs have focused 

worldwide on elucidating the pathological background of neurocognitive disorders and 

the possible pharmacological treatments for the diseases. At present, however, it can be 

said that there are still unknown underlying mechanisms in the background of each 

identified disease and the range of available pharmacotherapeutic treatments options are 

not satisfying. The aim of the experiments in the present research project and PhD thesis 

was to investigate the effects of pharmacological compounds which are already on the 

market or involved in preclinical research as potential neurocognitive enhancers. The 

tested compounds had different targets at the receptor level: NMDA receptor antagonist 

memantine, alpha7 nACh receptor agonist (PHA-543613), antagonist 

(Methyllycaconitin – MLA) and PAM compounds (NS-1738, PNU-120596, CPDX), as 

well as D-serine, a compound that binds to the glycine binding site of the NMDA 

receptor, and a DAAO inhibitor compound that affects the extracellular level of D-

serine. The brain area investigated in the experiments was the hippocampal region of 

the rat, which is essential for memory formation and consolidation, and further mapping 

and understanding of this brain region is crucial for the development of effective 

pharmacological therapies in neurocognitive disorders. 

2. Methods 
Both the local and systemic effects of the tested compounds were investigated by 

measuring the extracellular firing activity of pyramidal cells in the CA1 region of the 

hippocampus of anaesthetized rats. We measured how the different test compounds 

affect the glutamatergic and cholinergic neurotransmission, as the applied experimental 

protocols were based on iontophoretic delivery of endogen neurotransmitters (NMDA 
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and ACh). In addition to NMDA and ACh-induced excitations, the spontaneous firing 

activity of the pyramidal neurons was also investigated. A summary of the instruments 

used is shown in Figure 1. 

 

 
Figure 1.  

Applied in vivo experimental design 
Created with BioRender.com 

 

3. New scientific results 

I. Thesis: Alpha7 nACh receptor agonist and PAM compounds differentially affect 

spontaneous and NMDA-evoked firing activity of hippocampal pyramidal cells. 

• An antagonistic-like effect of the agonist compound was observed in the study 

of local effects, which may be due to the receptor desensitizing effect of the 
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compound, which is also attributed to possible procognitive and 

neuroprotective effects. 

• In contrast, PAM compounds had a clear stimulatory effect on firing activity. 

This finding may be due to the facilitating effects of PAM on the natural 

activity of the endogenous ACh agonist. 

• Combined administration of the agonist and the PAM compound additively 

modulated neuronal activity compared to their single administration, and the 

inhibitory effect of the agonist was reversed by the combined administration of 

the agonist with PAM. The results obtained may provide further evidence for 

the influence of PAM compounds on desensitization.  

Relevant own publication: 

Bali, Z. K., Nagy, L. V., Budai, D., & Hernádi, I. (2019). Facilitation and inhibition of 

firing activity and N-methyl-D-aspartate-evoked responses of CA1 hippocampal 

pyramidal cells by alpha7 nicotinic acetylcholine receptor selective compounds in vivo. 

Scientific Reports, 9(1), 9324. https://doi.org/10.1038/s41598-019-45796-7 IF: 3,998 

 

II. Thesis: The alpha7 nACh receptor-sensitive compounds and memantine modulate 

the spontaneous, the NMDA- or ACh-evoked firing activity of hippocampal pyramidal 

cells differentially depending on the mechanism of action and the doses applied. 

• The highest dose of the registered AK drug memantine tested had only an 

inhibitory effect on NMDA receptors, which is consistent with the NMDA 

receptor inhibitory effect reported in the literature. The other doses 

relevant to behavioural experiments did not modulate NMDA-induced 

excitations but did affect spontaneous and ACh-induced firing activity. 

This result questions the canonically accepted NMDA-receptor mediated 

antagonism of memantine behind its previously observed cognitive 

enhancer effects. 

https://doi.org/10.1038/s41598-019-45796-7
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• The alpha7 nACh receptor agonist compound had mostly facilitating effect 

on spontaneous and ACh-induced firing activity and was characterized by 

an inverted U-shaped dose-response curve similar to that previously 

observed in behavioural experiments. The specific dose-response curve 

can be explained by that low doses of the agonist induce no effect in the 

central nervous system, whereas high doses do not induce a stimulatory 

effect on neuronal function due to receptor desensitization and receptor 

binding site occupancy. 

• The tested alpha7 nACh receptor PAM compound had a strong stimulatory 

effect on ACh-induced firing activity, with no or less effects in the other 

two firing conditions. This finding may be due to the agonist-dependent 

mechanism of action observed when using PAM compounds. 

• When analysing the combined doses, in line with the behavioural results, 

the combination of sub-effective doses produced significant increases in 

firing activity in every firing condition, while no significant difference in 

activity was observed for the high dose combinations. The results with 

high doses may be due to the off-target effects of the two compounds. It 

strongly suggested that clear that alpha7 compounds could modulate the 

effect of memantine when administered both at sub-effective low doses 

and at high doses, thus these results may provide evidence for an 

interaction between the two different compounds. 

Planned own publication: 

Nagy, L. V., Bali, Z. K., Hernádi, I. Modulation of spontaneous and N-methyl-D-

aspartate or acetylcholine-evoked firing activity of hippocampal CA1 pyramidal 

neurons by systemically applied cognitive enhancer compounds in the anesthetized rat 

(Under consideration for submission) 
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III. Thesis: D-serine-induces facilitatory effect on firing activity in a large number of 

the hippocampal pyramidal cells, both when local and systemic effects are tested  

• When the local effects of D-serine and DAAOI were investigated, the two 

compounds increased the firing activity of pyramidal cells in a similar manner. 

They were found to stimulate spontaneous firing activity in the majority of the 

tested neurons, and also NMDA-induced firing activity in half of the cases. 

This phenomenon may be due to the regulatory role of local neuronal 

connections within the hippocampus. 

• As with the local administration, the systemic effects were found to be similar 

for D-serine and the compound affecting D-serine levels (DAAOI), which may 

be linked to the positive cognitive and pro-cognitive behavioural effects 

observed in experiments previously described in the literature. Thus, DAAOI 

compounds are highly suitable to replace D-serine as a cognitive enhancer, as 

D-serine is nephrotoxic and has a lower level brain penetration, when 

administered chronically  

• No significant difference was found between the effects of D-serine and 

DAAOI compound, suggesting that increasing extracellular D-serine levels 

directly and via DAAOI modulated neuronal firing activity to a similar level, 

which may give DAAOIs an advantage for drug development because of the 

potential peripheral effects of chronic administration of D-serine. 

Relevant own publication: 

Nagy, L. V., Bali, Z. K., Kapus, G., Pelsőczi, P., Farkas, B., Lendvai, B., Lévay, G., & 

Hernádi, I. (2021). Converging evidence on D-Amino acid oxidase-dependent 

enhancement of hippocampal firing activity and passive avoidance learning in rats. 

International Journal of Neuropsychopharmacology, 24(5), 434–445. 

https://doi.org/10.1093/ijnp/pyaa095 IF: 5,678 

https://doi.org/10.1093/ijnp/pyaa095
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4. Summary  

Our in vivo electrophysiological results support that cognitive performance enhancer 

compounds acting through different pathways can modulate the firing activity of 

hippocampal pyramidal cells. The investigated compounds differentially affected both 

NMDA and ACh sensitivity of the examined neurons and their spontaneous activity. 

Furthermore, we observed dose-dependent effects of the compounds on the firing 

activity of neurons in all three firing conditions tested. The experimental set-up and test 

protocol developed in our experiments may be suitable for electrophysiological 

investigation of the cellular mechanisms of potential cognitive performance enhancer 

compounds. 
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