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Abstract

Alzheimer's disease (AD) is a common neurodegenerative disorder primarily managed with
symptomatic treatments. Coffee, a popular beverage, contains bioactive compounds like
caffeine, chlorogenic acid, quercetin, trigonelline, caffeic acid, and kaempferol, which may
offer neuroprotective benefits. These compounds could potentially address AD-related

pathologies such as amyloid-beta accumulation, tau hyperphosphorylation, oxidative stress,
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and inflammation. This review explores the neuroprotective potential of coffee's bioactive

components in AD.

Aim of the Study

This study aims to review research on the neuroprotective effects of coffee and its bioactive
compounds in Alzheimer's disease. It seeks to understand how these compounds may mitigate
AD-related pathologies and their potential in preventive and therapeutic applications. The

study also identifies knowledge gaps and suggests future research directions.

Material and Methods

We reviewed literature from PubMed, Google Scholar and other scientific sources using
keywords: Alzheimer's disease, coffee, neuroprotective, caffeine, chlorogenic acid, quercetin,

trigonelline, caffeic acid, and kaempferol.

Conclusions

Emerging evidence indicates that coffee's bioactive compounds may offer neuroprotective
benefits against Alzheimer's disease. Compounds such as caffeine, chlorogenic acid, quercetin,
trigonelline, caffeic acid, and kaempferol show potential in mitigating key AD pathologies.
However, the current evidence is preliminary, and more research is needed to fully understand
their cognitive benefits and mechanisms. Investigating these properties is particularly relevant

given the aging global population and the age-related nature of AD.
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Introduction:



1. Alzheimer’s Disease

Alzheimer's disease (AD), a progressive neurodegenerative disorder, is a common cause of
cognitive impairment occurring in midlife and late life. It is the main cause of dementia,
estimated to be responsible for 60-80% of cases [1, 2, 3]. It usually begins with a gradual loss
of episodic memory and cognitive function, leading to difficulties with language and spatial
awareness [4]. Communication problems and behavioral changes such as aggression or apathy,
may occur in the later stages of the disease. Subsequently, difficulties with walking, speaking,
and swallowing may appear [3].

Various factors contribute to the risk of developing the disease, including advanced age,
genetic predisposition, female gender, cardiovascular risk factors, and an unhealthy lifestyle
[5]. The pathogenesis of Alzheimer’s disease is associated with two main factors: the
accumulation of beta-amyloid protein outside neurons and the accumulation of abnormal tau
protein inside neurons. These lead to neuronal death and brain tissue damage due to the
neurotoxicity of these proteins. Additionally, chronic inflammation associated with the
activation of microglia and atrophy caused by cell death can contribute to AD [3].

Currently available treatments are only symptomatic, meaning they do not eliminate the
causes of the disease but only combat or alleviate its symptoms to improve quality of life.
Pharmacological treatments include cholinesterase inhibitors such as donepezil, rivastigmine,
and galantamine. Memantine, an NMDA receptor antagonist, can also be used to help regulate
glutamate activity in the brain and improve cognitive function [6].

To conclude, despite significant efforts to understand the etiology and pathophysiology of
Alzheimer's disease (AD), scientists have yet to develop medications that can definitively halt
its progression. Consequently, contemporary research has increasingly focused on the
potential role of natural products in the treatment and prevention of AD, garnering substantial

interest in this field.



2. Coffee

Coffee is one of the most widely consumed beverages in the world, and its consumption has
become a regular part of many people’s lives. It is a mixture of many bioactive ingredients,
and it also contains minerals and vitamins [7].

According to studies, the leading motives for coffee consumption are functional benefits, taste
and pleasure, routine, tradition, and social factors. On the other hand, primary factors
discouraging people from drinking coffee include a dislike of its taste and concerns regarding
potential adverse health effects. Thus, it can be inferred that coffee consumption is not
typically viewed as health-conscious behavior, despite scientific evidence suggesting that
coffee can be included as part of a balanced diet [7].

Previous studies have explored the correlation between coffee consumption and human health.
Besides its neuroprotective effects, these studies have noted a lower risk of cardiovascular
diseases, a lower risk of liver conditions, a reduced risk of type-2 diabetes, and positive
effects on mental health [7, 8, 9]. However, it should be noted that drinking excessive
amounts of coffee may lead to adverse effects. Caffeine consumption has been linked to
elevated total cholesterol levels and reduced high-density lipoprotein in the bloodstream.
Moreover, excessive coffee intake may result in hypertension, tachycardia, and arrhythmia

[10].

State of knowledge:
Coffee consumption has been the subject of numerous studies investigating its potential
effects on Alzheimer's disease. It contains various bioactive compounds, such as caffeine,

chlorogenic acid, quercetin, trigonelline, caffeic acid and kaempferol, which are believed to



have physiological effects. Here we outline the possible mechanisms by which selected

compounds of coffee may provide neuroprotection.

1. Caffeine

Caffeine, the most commonly consumed psychoactive substance, improves attention and
alertness, stabilizes mood, and may independently boost cognitive performance [11].

The structural similarity between caffeine and adenosine allows caffeine to bind to adenosine
receptors, particularly adenosine A2A receptors, due to their similar chemical structures [12].
This is crucial for understanding caffeine’s effects on the brain. Caffeine acts as a competitive
antagonist, meaning it blocks the action of adenosine, which normally influences sleep and
reduces neuronal activity [12]. In Alzheimer's disease, where there is loss of neurons and
decreased neuronal activity, this action of caffeine can have a beneficial effect by helping to
maintain healthy synaptic function. Caffeine’s blockade of adenosine A2A receptors also
contributes to its neuroprotective properties. Synaptotoxicity, or damage to synapses, is a
significant issue in neurodegenerative diseases like Alzheimer’s. By blocking adenosine A2A
receptors, caffeine can reduce excessive neurotransmission and inflammation associated with
synaptic damage. This action helps to support synaptic health and may protect against mood
disorders and cognitive impairments related to Alzheimer's disease [13].

Furthermore, the amyloid-beta (AP) theory involves an imbalance between the production and
clearance of Ap. Caffeine reduces the activity of P-secretase and y-secretase, enzymes
responsible for producing amyloid-beta through the proteolysis of amyloid precursor protein
(APP). This suggests that caffeine may reduce the risk of Alzheimer's disease by decreasing
pathological cerebral amyloid deposition [14].

Moreover, the tau protein theory indicates that caffeine, by preventing the expression of

enzymes responsible for tau hyperphosphorylation, may reduce the accumulation of



neurofibrillary tangles within neurons. This implies a potential protective effect of caffeine

against tau-related neurodegeneration [14].

Caftfeine is the most extensively investigated bioactive compound in coffee. The beneficial
effects of coffee consumption are largely attributed to caffeine; however, there are reports

suggesting that decaffeinated coffee could also possess neuroprotective properties [15, 16].

2. Chlorogenic acid

Chlorogenic acid (CGA) is recognized for its significant antioxidant properties, which play a
crucial role in combating oxidative stress- a key factor in the pathogenesis of
neurodegenerative diseases such as Alzheimer's disease. CGA effectively neutralizes
oxidative stress by reducing the production of reactive oxygen species (ROS) and inhibiting
lipid peroxidation, a process that can lead to cellular damage through the degradation of cell
membranes. This inhibition of lipid peroxidation by CGA is particularly important, as it
prevents the formation of malondialdehyde (MDA), a byproduct of lipid peroxidation and a
well-established marker of oxidative stress. Elevated levels of MDA are indicative of
increased oxidative damage, which can exacerbate neuronal injury and contribute to the
progression of Alzheimer's disease [13, 17, 18]. By reducing oxidative stress, CGA helps
protect neuronal cells in critical regions of the brain, such as the hippocampus and frontal
cortex, which are particularly vulnerable to oxidative damage. This protective effect
underscores the potential role of CGA in neuroprotection, particularly in the context of
neurodegenerative diseases where oxidative stress is a pathological factor [18].

In addition to its antioxidative effects, CGA has been shown to inhibit acetylcholinesterase, an
enzyme responsible for the breakdown of acetylcholine, a neurotransmitter that plays a vital

role in memory and cognitive function. The inhibition of acetylcholinesterase by CGA leads



to increased levels of acetylcholine in the brain, which may contribute to improved cognitive
functions, especially in areas such as the hippocampus and frontal cortex [10]. This
mechanism is particularly relevant in Alzheimer's disease, where acetylcholine levels are

often reduced, leading to cognitive decline.

3. Quercetin

Quercetin, a prominent flavonoid found in various plants and dietary sources, demonstrates
significant potential in combating Alzheimer's disease through several mechanisms.

Quercetin exhibits strong antioxidant activity, which helps reduce oxidative stress and
inflammation. Its antioxidant properties support the protection of nerve cells from damage
caused by reactive oxygen species and other free radicals [19].

In addition, quercetin inhibits the formation of amyloid-p protein fibrils, a key factor in the
pathology of Alzheimer's disease. By blocking amyloid-f aggregation, quercetin may help
reduce cellular damage and inflammatory processes associated with the disease [20, 21].
Furthermore, quercetin acts as a competitive inhibitor of acetylcholinesterase, an enzyme
targeted by current symptomatic treatments for Alzheimer’s disease. This suggests that
quercetin could play a role in managing Alzheimer's symptoms [21].

Research into quercetin-1,2,3-triazole hybrids, which are modified forms of quercetin,
explores their potential for enhancing neuroprotective effects. These hybrids aim to address
limitations such as low bioavailability and permeability, thereby improving the therapeutic

efficacy of quercetin [22].

4. Trigonelline
Trigonelline is a naturally occurring alkaloid predominantly found in coffee beans [23].

Emerging research highlights its potential neuroprotective effects, particularly in managing



neurodegenerative conditions such as Alzheimer's disease. Current studies suggest several
significant benefits of trigonelline.

Trigonelline demonstrates potent antioxidant activity, which reduces oxidative stress and
enhances the antioxidant defense system. This reduction in oxidative stress mitigates damage
caused by reactive oxygen species, thereby preserving neuronal health and supporting
cognitive function. Additionally, trigonelline lowers levels of neuroinflammatory markers,
including glial fibrillary acidic protein (GFAP), S100b, COX-2, TNF-a, and IL-6 [24]. By
decreasing neuroinflammation, trigonelline contributes to the protection of neurons and
supports improved cognitive performance, including spatial recognition memory in animal
models [24].
Trigonelline also plays a role in maintaining mitochondrial health by improving mitochondrial
membrane potential. Mitochondrial integrity is crucial for cellular energy production and
overall neuronal function. By supporting mitochondrial function, trigonelline helps sustain
neuronal health and counteract the energy deficits often associated with neurodegenerative
diseases [24].

Trigonelline has been reported to lower acetylcholinesterase (AChE) levels in the brain.
AChE is an enzyme responsible for the breakdown of acetylcholine, a neurotransmitter
essential for memory and learning. Inhibiting AChE can lead to increased levels of
acetylcholine, which may improve cognitive symptoms associated with Alzheimer's disease.
This suggests that trigonelline could play a role in managing Alzheimer's symptoms through
its effects on neurotransmitter dynamics [25].

Furthermore, trigonelline helps normalize levels of brain-derived neurotrophic factor (BDNF).
BDNF is critical for neuronal survival, growth, and synaptic plasticity. In neurodegenerative

conditions, BDNF levels are often depleted, contributing to cognitive decline and neuronal



loss. By restoring BDNF levels, trigonelline supports neuroprotection and enhances neuronal

resilience, further contributing to its potential therapeutic effects in Alzheimer's disease [25].

5. Caffeic acid

Caffeic acid, a polyphenolic compound found in coffee and a significant metabolite of
chlorogenic acid, has garnered attention for its potential neuroprotective properties in
Alzheimer's disease. This compound appears to exert its effects through several mechanisms.
One of the key benefits of caffeic acid is its ability to inhibit acetylcholinesterase and
butyrylcholinesterase activities. In Alzheimer's disease, these enzymes are often dysregulated,
negatively affecting cognitive function. Caffeic acid’s inhibition of these enzymes may help
counteract these changes and support cognitive health [26].

Additionally, caffeic acid plays a protective role against oxidative stress, a condition that
contributes to the progression of Alzheimer's disease. It reduces the production of reactive
oxygen species (ROS) and helps prevent the depletion of glutathione, a crucial antioxidant.
By mitigating oxidative stress, caffeic acid helps protect brain cells from damage caused by
factors like acrolein [27].

The compound also influences key signaling pathways involved in inflammation and
neurodegeneration, such as NF-kB and GSK3f. These pathways are critical in the disease's
progression, and caffeic acid’s modulation of these pathways may further contribute to its
neuroprotective effects [27, 28].

Caffeic acid helps manage amyloid-beta (AP) aggregation, a hallmark of Alzheimer's disease,
by preventing the formation of AB1-42 fibrils and promoting the disaggregation of existing
fibrils. This action reduces amyloid-beta-related brain damage. Additionally, caffeic acid

lowers the expression of amyloid precursor proteins and the enzyme that cleaves them,



leading to decreased levels of AB1-42 in the hippocampus, which could further mitigate the

progression of Alzheimer's disease [29, 30].

6. Kaempferol

Kaempferol (KMP) demonstrates significant neuroprotective potential, making it a promising
candidate for Alzheimer's disease (AD) treatment.

As an antioxidant, kaempferol effectively neutralizes reactive oxygen species (ROS) and
other free radicals, which helps to protect neurons from oxidative damage. Kaempferol's
antioxidant activity is crucial in preserving mitochondrial function and reducing oxidative
stress, which are important factors in maintaining neuronal health and mitigating
neurodegenerative conditions [31, 32, 33, 35].

In terms of anti-inflammatory effects, kaempferol has been shown to lower levels of
proinflammatory cytokines and neuroinflammatory markers. Jin et al. describe that
kaempferol reduces the activation of inflammatory pathways and decreases markers such as
glial fibrillary acidic protein (GFAP), S100b, COX-2, TNF-a, and IL-6 [33]. This reduction in
neuroinflammation helps protect neurons from inflammatory damage. Furthermore,
kaempferol also inhibits the activation of microglia, which are immune cells involved in
neuroinflammatory responses [33].

Furthermore, KMP mitigates amyloid-beta (A)-induced neurotoxicity and prevents the
deposition of amyloid fibrils, tau tangles, and a-synuclein aggregates, which are hallmarks of
neurodegenerative diseases [33].

Additionally, kaempferol enhances cholinergic function by inhibiting acetylcholinesterase

(AChE), thus preserving acetylcholine levels crucial for cognitive processes [31, 32, 34, 35].
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Conclusions:

Although coffee consumption is not typically recognized as a health-promoting habit,
emerging evidence suggests that it may confer various health benefits. Extensive research has
demonstrated that coffee and its bioactive compounds possess neuroprotective properties,
indicating their potential for both preventive and therapeutic applications in various
neurodegenerative conditions.

Among these compounds, caffeine has been the most thoroughly studied, and the beneficial
effects of coffee consumption are largely attributed to caffeine. However, numerous studies
have indicated that other compounds in coffee, such as chlorogenic acid, quercetin,
trigonelline, caffeic acid, and kaempferol, can independently exert neuroprotective effects.

A growing body of research links Alzheimer's disease (AD) to several pathological factors,
including the aberrant accumulation of amyloid-beta (AP) plaques, increased
hyperphosphorylation of tau protein, formation of neurofibrillary tangles, mitochondrial
dysfunction, excessive production of reactive oxygen species (ROS), and chronic
inflammation. Coffee components may exert their neuroprotective effects by influencing these
pathological processes. However, the current evidence on their cognitive benefits in humans
is preliminary; and the specific mechanisms by which each component impacts the brain
require further investigation.

Demographic projections indicate a rapid aging process in societies worldwide, including
Poland [36]. Given that Alzheimer's disease is predominantly age-related, it is crucial to
explore factors that may mitigate its risk. Therefore, further research into the neuroprotective

properties of coffee and its components is warranted.

Disclosures:

Author's contribution: Katarzyna Madyniak, Piotr Ciecierski

11



Conceptualization: Katarzyna Madyniak, Piotr Ciecierski
Methodology: Katarzyna Madyniak, Piotr Ciecierski

Software: Katarzyna Madyniak, Piotr Ciecierski

Check: Katarzyna Madyniak, Piotr Ciecierski

Formal analysis: Katarzyna Madyniak, Piotr Ciecierski
Investigation: Katarzyna Madyniak, Piotr Ciecierski

Resources: Katarzyna Madyniak, Piotr Ciecierski

Data curation: Katarzyna Madyniak, Piotr Ciecierski

Writing - rough preparation: Katarzyna Madyniak, Piotr Ciecierski
Writing - review and editing: Katarzyna Madyniak, Piotr Ciecierski
Visualization: Katarzyna Madyniak, Piotr Ciecierski

Supervision: Katarzyna Madyniak, Piotr Ciecierski

Project administration: Katarzyna Madyniak, Piotr Ciecierski

Receiving funding: Katarzyna Madyniak, Piotr Ciecierski

Funding Statement: The Study Did Not Receive Special Funding
Institutional Review Board Statement: Not Applicable

Informed Consent Statement: Not Applicable

Data Availability Statement: Not Applicable

Conflict Of Interest: The authors declare no conflict of interest.

All authors have read and agreed with the published version of the manuscript.

References
1. DeTure MA, Dickson DW. The neuropathological diagnosis of Alzheimer's disease.
Mol Neurodegener. 2019 Aug 2;14(1):32. doi: 10.1186/s13024-019-0333-5. PMID:
31375134; PMCID: PMC6679484.

12



. Kumar A, Sidhu J, Lui F, Tsao JW, Doerr C. Alzheimer Disease (Nursing). 2024 Feb
12. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan—.
PMID: 33760564.

. 2023 Alzheimer's disease facts and figures. Alzheimers Dement. 2023
Apr;19(4):1598-1695. doi: 10.1002/alz.13016. Epub 2023 Mar 14. PMID: 36918389.

Silva MVF, Loures CMG, Alves LCV, de Souza LC, Borges KBG, Carvalho MDG.
Alzheimer's disease: risk factors and potentially protective measures. J Biomed Sci.
2019 May 9;26(1):33. doi: 10.1186/s12929-019-0524-y. PMID: 31072403; PMCID:
PMC6507104.

Scheltens P, De Strooper B, Kivipelto M, Holstege H, Chételat G, Teunissen CE,
Cummings J, van der Flier WM. Alzheimer's disease. Lancet. 2021 Apr
24;397(10284):1577-1590. doi: 10.1016/S0140-6736(20)32205-4. Epub 2021 Mar 2.
PMID: 33667416; PMCID: PMC8354300.

. Breijyeh Z, Karaman R. Comprehensive Review on Alzheimer's Disease: Causes and
Treatment. Molecules. 2020 Dec 8;25(24):5789. doi: 10.3390/molecules25245789.
PMID: 33302541; PMCID: PMC7764106.

Samoggia A, Riedel B. Consumers' Perceptions of Coffee Health Benefits and
Motives for Coffee Consumption and Purchasing. Nutrients. 2019 Mar 18;11(3):653.
doi: 10.3390/nu11030653. PMID: 30889887; PMCID: PMC6471209.

. Perszke Michat, Egierska Dominika. Potential health benefits from coffee
consumption. Journal of Education, Health and Sport. 2022;12(10):11-18. eISSN
2391-8306.

13



10.

1.

12.

13.

14.

15.

O'Keefe JH, DiNicolantonio JJ, Lavie CJ. Coffee for Cardioprotection and Longevity.
Prog Cardiovasc Dis. 2018 May-Jun;61(1):38-42. doi: 10.1016/j.pcad.2018.02.002.
Epub 2018 Feb 21. PMID: 29474816.

Socata K, Szopa A, Seretko A, Poleszak E, Wlaz P. Neuroprotective Effects of Coffee
Bioactive Compounds: A Review. Int J Mol Sci. 2020 Dec 24;22(1):107. doi:
10.3390/ijms22010107. PMID: 33374338; PMCID: PMC7795778.

Cunha RA, Agostinho PM. Chronic caffeine consumption prevents memory
disturbance in different animal models of memory decline. J Alzheimers Dis. 2010;20

Suppl 1:S95-116. doi: 10.3233/JAD-2010-1408. PMID: 20182043.

Merighi S, Travagli A, Nigro M, Pasquini S, Cappello M, Contri C, Varani K,
Vincenzi F, Borea PA, Gessi S. Caffeine for Prevention of Alzheimer's Disease: Is the
A2A Adenosine Receptor Its Target? Biomolecules. 2023 Jun 8;13(6):967. doi:
10.3390/biom13060967. PMID: 37371547, PMCID: PMC10296091.

Fernandes MYD, Dobrachinski F, Silva HB, Lopes JP, Gongalves FQ, Soares FAA,
Porciincula LO, Andrade GM, Cunha RA, Tomé AR. Neuromodulation and
neuroprotective effects of chlorogenic acids in excitatory synapses of mouse
hippocampal slices. Sci Rep. 2021 May 18;11(1):10488. doi: 10.1038/s41598-021-
89964-0. PMID: 34006978; PMCID: PMC8131611.

Zhou X, Zhang L. The Neuroprotective Effects of Moderate and Regular Caffeine
Consumption in Alzheimer's Disease. Oxid Med Cell Longev. 2021 Aug
17;2021:5568011. doi:  10.1155/2021/5568011. PMID: 34447487; PMCID:
PMC8384510.

Zidan NS, Omran AME, Rezk SM, Atteia HH, Sakran MI. Anti-Alzheimer's disease
potential of Arabian coffee versus Date palm seed extract in male rats. J Food
Biochem. 2022 Jan;46(1):¢14017. doi: 10.1111/jfbc.14017. Epub 2021 Nov 23. PMID:
34816451.

14



16.

17.

18.

19.

20.

21.

22.

Trinh K, Andrews L, Krause J, Hanak T, Lee D, Gelb M, Pallanck L. Decaffeinated
coffee and nicotine-free tobacco provide neuroprotection in Drosophila models of
Parkinson's disease through an NRF2-dependent mechanism. J Neurosci. 2010 Apr
21;30(16):5525-32. doi: 10.1523/INEUROSCI.4777-09.2010. PMID: 20410106;
PMCID: PM(C3842467.

Taram F, Winter AN, Linseman DA. Neuroprotection comparison of chlorogenic acid
and its metabolites against mechanistically distinct cell death-inducing agents in
cultured cerebellar granule neurons. Brain Res. 2016 Oct 1;1648(Pt A):69-80. doi:
10.1016/j.brainres.2016.07.028. Epub 2016 Jul 18. PMID: 27444557.

Cho ES, Jang YJ, Hwang MK, Kang NJ, Lee KW, Lee HJ. Attenuation of oxidative
neuronal cell death by coffee phenolic phytochemicals. Mutat Res. 2009 Feb
10;661(1-2):18-24. doi: 10.1016/j.mrfmmm.2008.10.021. Epub 2008 Nov 5. PMID:
190285009.

Mancini RS, Wang Y, Weaver DF. Phenylindanes in Brewed Coffee Inhibit Amyloid-
Beta and Tau Aggregation. Front Neurosci. 2018 Oct 12;12:735. doi:
10.3389/tnins.2018.00735. PMID: 30369868; PMCID: PMC6194148.

Khan H, Ullah H, Aschner M, Cheang WS, Akkol EK. Neuroprotective Effects of
Quercetin in Alzheimer's Disease. Biomolecules. 2019 Dec 30;10(1):59. doi:
10.3390/biom10010059. PMID: 31905923; PMCID: PMC7023116

Lee M, McGeer EG, McGeer PL. Quercetin, not caffeine, is a major neuroprotective
component in  coffee.  Neurobiol Aging. 2016 Oct;46:113-23.  doi:
10.1016/j.neurobiolaging.2016.06.015. Epub 2016 Jul 5. PMID: 27479153.

Carreiro EP, Costa AR, Antunes CM, Ernesto S, Pinto F, Rodrigues B, Burke AlJ.
Quercetin-1,2,3-Triazole Hybrids as Multifunctional Anti-Alzheimer's Agents.
Molecules. 2023 Nov 9;28(22):7495. doi: 10.3390/molecules28227495. PMID:
38005217; PMCID: PMC10673615.

15



23.

24.

25.

26.

27.

28.

29.

Ludwig IA, Clifford MN, Lean ME, Ashihara H, Crozier A. Coffee: biochemistry and
potential impact on health. Food Funct. 2014 Aug;5(8):1695-717. doi:
10.1039/c4£000042k. PMID: 24671262.

Fahanik-Babaei J, Baluchnejadmojarad T, Nikbakht F, Roghani M. Trigonelline
protects hippocampus against intracerebral AP(1-40) as a model of Alzheimer's
disease in the rat: insights into underlying mechanisms. Metab Brain Dis. 2019
Feb;34(1):191-201. doi: 10.1007/s11011-018-0338-8. Epub 2018 Nov 12. PMID:
30421246.

Chowdhury AA, Gawali NB, Munshi R, Juvekar AR. Trigonelline insulates against
oxidative stress, proinflammatory cytokines and restores BDNF levels in
lipopolysaccharide induced cognitive impairment in adult mice. Metab Brain Dis.
2018 Jun;33(3):681-691. doi: 10.1007/s11011-017-0147-5. Epub 2017 Dec 26. PMID:
29277879.

Pavlikova N. Caffeic Acid and Diseases-Mechanisms of Action. Int J Mol Sci. 2022
Dec 29;24(1):588. doi: 10.3390/ijms24010588. PMID: 36614030; PMCID:
PMC9820408.

Huang Y, Jin M, Pi R, Zhang J, Chen M, Ouyang Y, Liu A, Chao X, Liu P, Liu J,
Ramassamy C, Qin J. Protective effects of caffeic acid and caffeic acid phenethyl ester
against acrolein-induced neurotoxicity in HT22 mouse hippocampal cells. Neurosci
Lett. 2013 Feb 22;535:146-51. doi: 10.1016/j.neulet.2012.12.051. Epub 2013 Jan 8.
PMID: 23313590.

Wang Y, Wang Y, Li J, Hua L, Han B, Zhang Y, Yang X, Zeng Z, Bai H, Yin H, Lou
J. Effects of caffeic acid on learning deficits in a model of Alzheimer's disease. Int J
Mol Med. 2016 Sep;38(3):869-75. doi: 10.3892/ijmm.2016.2683. Epub 2016 Jul 18.
PMID: 27430591.

Andrade S, Loureiro JA, Pereira MC. Caffeic acid for the prevention and treatment of

Alzheimer's disease: The effect of lipid membranes on the inhibition of aggregation

16



30.

31.

32.

33.

34.

35.

and disruption of AP fibrils. Int J Biol Macromol. 2021 Nov 1;190:853-861. doi:
10.1016/j.ijbiomac.2021.08.198. Epub 2021 Sep 2. PMID: 34480909.

Chang W, Huang D, Lo YM, Tee Q, Kuo P, Wu JS, Huang W, Shen S. Protective
Effect of Caffeic Acid against Alzheimer's Disease Pathogenesis via Modulating
Cerebral Insulin Signaling, B-Amyloid Accumulation, and Synaptic Plasticity in
Hyperinsulinemic Rats. J Agric Food Chem. 2019 Jul 10;67(27):7684-7693. doi:
10.1021/acs.jatc.9602078. Epub 2019 Jun 28. PMID: 31203623.

Nejabati HR, Roshangar L. Kaempferol as a potential neuroprotector in Alzheimer's
disease. J Food Biochem. 2022 Dec;46(12):¢14375. doi: 10.1111/jtbc.14375. Epub
2022 Aug 5. PMID: 35929364.

Dong X, Zhou S, Nao J. Kaempferol as a therapeutic agent in Alzheimer's disease:
Evidence from preclinical studies. Ageing Res Rev. 2023 Jun;87:101910. doi:
10.1016/5.arr.2023.101910. Epub 2023 Mar 15. PMID: 36924572.

Jin S, Zhang L, Wang L. Kaempferol, a potential neuroprotective agent in
neurodegenerative diseases: From chemistry to medicine. Biomed Pharmacother. 2023
Sep;165:115215. doi: 10.1016/j.biopha.2023.115215. Epub 2023 Jul 24. PMID:
37494786.

Alexander C, Parsaece A, Vasefi M. Polyherbal and Multimodal Treatments:
Kaempferol- and Quercetin-Rich Herbs Alleviate Symptoms of Alzheimer's Disease.
Biology (Basel). 2023 Nov 20;12(11):1453. doi: 10.3390/biology12111453. PMID:
37998052; PMCID: PMC10669725.

Zhang Q, Yan Y. The role of natural flavonoids on neuroinflammation as a therapeutic
target for Alzheimer's disease: a narrative review. Neural Regen Res. 2023
Dec;18(12):2582-2591. doi: 10.4103/1673-5374.373680. PMID: 37449593; PMCID:
PMC10358679.

17



36. Leszek Jerzy, Alzheimer's Disease: Current State of Knowledge, Therapeutic
Perspectives. ,,Polish Neurological Review”, 2012, Volume 8, Issue 3, pp. 101-106
[online], [access 29.03.2024]. (in Polish)

18



