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Streszczenie

Choroba Alzheimera jest nieuleczalnym schorzeniem neurodegeneracyjnym, ktore ze wzgledu na stale
rosnaca liczbe oso6b nim dotknietych, staje sie powaznym wyzwaniem spotecznym, medycznym i
ekonomicznym. Zaprezentowana praca doktorska podejmuje tematyke o kluczowym znaczeniu —
poszukiwanie potencjalnej terapii choroby Alzheimera. Opisane w pracy badania obejmowaty
zaprojektowanie dwdch grup nowych zwigzkéw o wielokierunkowym mechanizmie dziatania, ich
synteze, analize spektralng oraz opis wynikow testow in vitro i in silico.

Badania w obrebie pierwszej grupy mialy na celu opracowanie inhibitorow beta-sekretazy i
cholinoesteraz o whasciwosciach antyagregacyjnych wobec beta amyloidu (ApB) i biatka tau, opartych
na szkielecie 1-benzylopirolidyno-3-aminy. Zwiazki zsyntetyzowano, a ich aktywnos$¢ biologiczna
oceniono W nastepujacych testach: Ellmana (hamowanie cholinoesteraz), hamowania beta-sekretazy
wykorzystujacym zjawisko FRET, tioflawinowym T/S in vitro i in cellulo (agregacja A i tau), FRAP
i ABTS (wlasciwos$ci przeciwutleniajace) oraz spektrofotometrycznym tescie oceniajacym zdolno$¢
do chelatowania jonow metali. Sposrod otrzymanych zwigzkow, na szczegdlng uwage zastuguja 24b i
25b, ze wzgledu na ich wlasciwosci antyagregacyjne wobec AP i tau (45%, 49% hamowania agregacji
AB 1 53%, 54%  hamowania  agregacji tau, przy  st¢zeniu  przesiewowym
10 uM) oraz hamowanie  butyrylocholinoesterazy  (ICsy  odpowiednio 2,39 uM
i 1,94 uM). Dodatkowo wspomniane zwiazki wykazaly zdolno§¢ do usuwania wolnych rodnikow,
aktywnos$¢ przeciwutleniajgca i whasciwosci chelatujace jony miedzi(Il). Wyniki tej czgsci badan
zostaly opublikowane w pracy T. Wichur et al., 1-Benzylpyrrolidine-3-amine-based BUChE inhibitors
with anti-aggregating, antioxidant and metal-chelating properties as multifunctional agents against
Alzheimer’s disease, Eur. J. Med. Chem., 2020: 187, 111916.

Grupe druga opracowano jako zwigzki tgczace w sobie aktywno$¢ antagonistyczng wobec
receptora 5-HTg i hamujacg cholinoesterazy. Ich budowa bazuje na fragmentach znanych indolowych
ligandéw receptora 5-HTg, ktore potgczono z ugrupowaniami N-benzyloaminy i tetrahydroakrydyny,
znanymi
z inhibitoréw cholinoesteraz — donepezilu i takryny. Zastosowane modyfikacje strukturalne miaty na
celu optymalizacj¢ nie tylko oddziatywan z wyzej wymienionymi celami biologicznymi, ale rowniez
poprawe parametréw fizyko-chemicznych zwigzkow. W sumie otrzymano 74 nowe ligandy, ktorych
aktywnos$¢ biologiczng zbadano w tescie Ellmana i badaniach radioreceptorowych (powinowactwo do
receptora 5-HTy), a dla wybranych pochodnych przeprowadzono testy tioflawinowe T i S in vitro i in

cellulo. Na podstawie tych badan zidentyfikowano szereg zwiazkéw o zoptymalizowane]j aktywnoS$ci



wobec zalozonych celow biologicznych. Przyktadami takich ligandow o zrownowazonym profilu
aktywnosci wobec BuChE i receptora 5-HTg sg zwigzki 115 i 124 (wartosci ICs i K; odpowiednio
rowne 90 1 6 nM oraz 5 i 6 nM); zwigzek 115 dodatkowo cechuje si¢ korzystnymi parametrami
fizykochemicznymi (spetnia reguly Lipinskiego i Vebera). Na uwage zastuguje rowniez zwigzek 62 —
inhibitor BUChE (ICs, = 454 nM), antagonista receptora 5-HTs (Ki = 15 nM) o wyraznych
wlasciwosciach hamujgcych agregacje AP (68% w tescie in vitro) i tau (79% w tescie in cellulo) w
stezeniu 10 uM.

Podsumowujac, opisany projekt badawczy pozwolit na identyfikacje nowych, interesujacych
zwigzkow o wielokierunkowym mechanizmie dziatania. Zwigzki te stanowia doskonaty punkt wyjscia
do dalszych badan nad mozliwoscig zastosowania ligandow wielofunkcyjnych w terapii choroby

Alzheimera.

Abstract

The growing prevalence of Alzheimer’s disease (AD), coupled with the lack of effective treatment,
make this condition a serious social, medical and economic challenge that urgently requires new
therapeutic solutions. The presented thesis describes interdisciplinary research on new multifunctional
ligands with potential application in AD therapy. The research included the design of two distinct
groups of novel multifunctional ligands, their synthesis, analytical characteristics as well as the
assessment of the results of in vitro and in silico evaluation.

The design of group | aimed at the development of 1-benzylpyrrolidine-3-amine-based -
secretase and cholinesterase inhibitors with anti-aggregating properties against AB peptide and tau
protein. The compounds were synthesized and their biological activity was assessed in the following
assays: Ellman’s (inhibition of cholinesterases), FRET-based (BACE1 inhibition), thioflavin T/S in
vitro and in cellulo (Ap and tau aggregation), FRAP and ABTS (antioxidant activity) and
spectrophotometric to assess chelating properties. Compounds 24b and 25b were selected as the most
interesting due to their anti-aggregating properties towards AP and tau (45%, 49% inhibition against
AP, and 53%, 54% of inhibition against tau protein at 10 uM respectively), BuChE inhibition (ICsq Of
2.39 uM and 1.94 uM respectively) and significant free radical scavenging capacity, antioxidant
activity and Cu(ll)-chelating properties. The results of this part of the thesis are included in the
publication T. Wichur et al., 1-Benzylpyrrolidine-3-amine-based BuChE inhibitors with anti-
aggregating, antioxidant and metal-chelating properties as multifunctional agents against Alzheimer’s
disease, Eur. J. Med. Chem., 2020: 187, 111916.

The group Il was developed as dual-acting 5-HTs receptor antagonists and cholinesterase
inhibitors. Their structure is based on fragments of known indole-based 5-HTg receptor ligands, which
were combined with N-benzylamine and tetrahydroacridine moieties derived from cholinesterase

inhibitors — donepezil and tacrine. The applied structural modifications aimed at optimization of



interactions within BUChE active site and improvement of physicochemical properties while
maintaining activity against 5-HT; receptors. In total 10 series of compounds, comprising of 74 new
ligands were developed. Biological activity of the compounds was assessed in Ellman’s and
radioligand binding assays, and for several ligands, Ap and tau anti-aggregating properties were
evaluated in thioflavin T and S assays. This allowed for the identification of several compounds with
interesting biological properties. Compound 115 — an example of the merged multifunctional ligand
with egBuChE ICsy of 90 nM and 5-HT4R K; of 5 nM as well as optimized physicochemical properties
complying with Lipinski and Veber rules. Ligand 124, with perfectly balanced potencies against
targets of interest (5-HT¢R K; and eqBuChE ICs, equal 6 nM). Compound 62 — potent BuChE inhibitor
(ICs = 454 nM), 5-HT¢R antagonist (K; = 15 nM) with impressive anti-aggregating properties against
ABin vitro and tau in cellulo (68% and 79% of inhibition at 10 uM respectively).

In summary, the described research project has allowed the identification of new, interesting
compounds with a multidirectional mechanism of action. These compounds are an excellent starting
point for further research on application of multifunctional ligands in the treatment of Alzheimer's

disease.



