
Alzheimer's disease (AD) is an incurable neurodegenerative disease, that leads to death within a few years of 

diagnosis. AD primarily affects individuals over the age of 65. The number of patients has been steadily 

increasing, and by 2024, the disease is projected to affect 65.7 million people worldwide. Symptoms of AD 

include memory loss, progressive cognitive disorders, personality changes, behavioral disorders and 

disorientation. The disease is characterized by the death of cholinergic neurons (resulting in a decreased levels 

of the neurotransmitter – acetylcholine in the brain), oxidative stress, increased levels of inflammatory 

mediators and the deposition of β-amyloid. Several hypotheses have been proposed regarding its causes such 

as cholinergic hypothesis, amyloid hypothesis and tau protein hypothesis. While old age is the most significant 

risk factor (AD is primarilly diagnosed in individuals over 65 years old), other potential causes of the disease 

include: stroke, hypertension, heart diseases, hypercholesterolemia, and what is more, also genetic factors. The 

continuous increase in the number of patients diagnosed with Alzheimer's disease, the lack of medicines that 

can reverse the effects of AD and the limited effectiveness of commercial drugs that only partially inhibit the 

progression of the disease, are among the reasons for seeking new solutions that can provide appropriate 

pharmacotherapy. Cognitive impairment and memory loss are most often caused by a reduced level of the 

neurotransmitter acetylcholine and the presence of senile plaques in the patient’s brain. Therefore, current 

pharmacotherapy is based on the hypothesis of a reduced level of this neurotransmitter. Despite numerous 

studies, there are only a few drugs available on the pharmaceutical market: rivastigmine, donepezil, 

galantamine (which are acetylcholinesterase inhibitors) and memantine (an NMDA receptor antagonist), used 

in the symptomatic treatment of the disease. Acetylcholinesterase inhibitors increase the level of acetylcholine 

in the brain, making them applicable  in the treatment of mild and moderate AD. Tacrine was once a 

fundamental drug in AD treatment, but it was withdrawn from the market, due to its side effects. Many 

scientists from various research centers around the world have been working on modifiying tacrine as a leading 

structure. Their research results have indicated that it is a promising topic, yielding new properties and 

promising results for derivatives. Experiments focus on obtaining new compounds called hybrids. These 

hybrids are multifunctional ligands. These hybrids consist of  two molecules – an acetylcholinesterase inhibitor 

and another compound with properties that can be used in the treatment of various pathomechanisms of AD. 

Due to this connection, hybrids may have a multitarget-directed effect and possess fewer side effects such as 

the lack of hepatotoxicity due to the blocking of the amino group by an additional substituent. The main 

objective of the project is to design, synthesize, analyze in silico, analyze the biological properties in vitro and 

then in vivo of innovative multi-target-directed ligands as potential effective compounds in the treatment of 

Alzheimer's disease. Innovative multifunctional ligands will be synthesized based on the current knowledge 

of designing new compounds. The project will examine the multifunctional mechanism of action of innovative 

multi-target-directed ligands in in vitro studies. Based on the results of the activity tests, hybrids will be 

selected, for which basic in vivo behavioral tests will be performed. The conducted research will focus on 

various pathways involved in the development of Alzheimer's disease. The project will provide new 

information which may be used in the pharmacotherapy of Alzheimer's disease and will serve as a source of 

scientific inspiration for scientists wordwide. It is cricial to invest in research to understand the causes of 

dementia and find a medical treatments in order to eradicate AD. 
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