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ABSTRACT
Alzheimer’s, Parkinson’s, and dementia are the leading neurodegenerative diseases that threaten the 
world with the aging population. Although the pathophysiology of each disease is unique, the 
steps to be taken to prevent diseases are similar. One of the changes that a person can make alone 
is to gain the habit of an antioxidant-rich diet. Phytochemicals known for their antioxidant properties 
have been reported to prevent neurodegenerative diseases in various studies. Phytochemicals with 
similar chemical structures are grouped. Accordingly, there are two main groups of phytochemicals, 
flavonoid and non-flavonoid. Various in vitro and in vivo studies on phytochemicals have proven 
neuroprotective effects by increasing cognitive function with their anti-inflammatory and antioxidant 
mechanisms. The purpose of this review is to summarize the in vitro and in vivo studies on 
phytochemicals with neuroprotective effects and to provide insight.

GRAPHIC ABSTRACT

Introduction

Age is determined to be a critical factor in the development 
of neurological diseases, and cognitive decline and memory 
impairment develop with increasing age (Scheiblich et  al. 
2020). The prevalence of neurodegenerative diseases (NDDs) 
increases as the population gets older because they are more 
common in the old age population. Neurodegenerative  
disorders prevalent in older adults include Parkinson’s  
disease (PD), Alzheimer’s disease (AD), AD-related demen-
tias (ADRD), and movement disorders in PD patients 
(Velmurugan et  al. 2018). Neuronal dysfunction, progressive 
loss of neurons, mitochondrial dysfunction, and accumula-
tion of aggregated proteins are involved in the common 
pathogenesis of these diseases (Velmurugan et  al. 2018; 
Wang et  al. 2018a).

Inflammation and oxidative stress are also important fac-
tors that exacerbate nerve injury (Li, Feng, et  al. 2021). 
Oxidative damage that accumulates in the body with increas-
ing age is due to the increased production of free radicals. 
Production of oxidants increases under pathophysiological 
conditions and with age (George et al. 2022). The age-related 
increase and accumulation of oxidants can lead to an impair-
ment of cellular functions due to a decrease in the intracel-
lular level of adenosine triphosphate (ATP). It has been 
reported that the brain, which has a high level of oxygen 
consumption, is impressible to damage from reactive oxygen 
species (ROS) due to high concentrations of metals and iron 
and a low antioxidant capacity (Heitman and Ingram 2017). 
Neuronal systems are therefore among the first systems 
affected by oxidative damage (George et  al. 2022).
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Neuroinflammation is a pathological factor in Parkinson’s 
and Alzheimer’s diseases. And also neuroinflammation is 
mainly carried out by microglial cells, which are the macro-
phages of the central nervous system (Chesworth et  al. 
2021). Chronic inflammation is characterized by high circu-
lating levels of inflammatory cytokines such as interferon 
(IFN), tumor necrosis factor-α (TNF-α), interleukin-1 (IL-1), 
IL-6, IL-8, IL-13, transforming growth factor-β (TGF-β), and 
c-reactive protein (CRP). It causes chronic diseases with 
molecular, cellular, and organ damage and accelerates the 
aging process (Zhu, Du, and Xu 2018; Zhang, Virgous, and 
Si 2019).

A neurodegenerative disease known as Alzheimer’s disease 
(AD) is characterized by chronic neuroinflammation brought 
on by the buildup of the proteins amyloid beta protein (A) 
and hyperphosphorylated tau protein. Neuroinflammation and 
typical microglial activation have been identified as important 
mechanisms underlying AD, leading to neurological dysfunc-
tion and disease progression (Wang et  al. 2023a). Neuronal 
inclusions in the form of Lewy bodies and Lewy neurites, 
which represent cell loss in the Substantia Nigra and other 
brain regions, are correlated with Parkinson’s disease. Since 
aggregated and misfolded species of α-synuclein are the main 
constituents of Lewy bodies, Parkinson’s disease is classified as 
a synucleinopathy (Tolosa et  al. 2021).

During the aging process, chewing and swallowing prob-
lems, sensory loss and medication use can lead to differ-
ences in the nutritional needs of older people and inadequate 
nutrient intake. This makes older people more vulnerable to 
a variety of diseases, in particular neurodegenerative dis-
eases, or to the progression of existing diseases (Mattioli 
et  al. 2020). It has been shown that phytochemicals, which 
are naturally found in foods and known as bioactive com-
pounds, have antioxidant and anti-inflammatory properties, 
as well as preventive or protective in the development of the 
aging process and neurodegenerative diseases (Hannan et  al. 
2020). The preventive and protective properties of the diet 
against neurodegenerative diseases may be due to antioxi-
dant mechanisms (Kato et  al. 2018). The Mediterranean diet 
which is associated with healthy aging and is a high source 
of antioxidants and rich in phytochemicals is one of the suc-
cessful neuroprotective diets (Capurso, Crepaldi, and Capurso 
2020). The Mediterranean diet is rich in bioactive com-
pounds such as polyphenols, omega-3 fatty acids, fiber, phy-
tosterols, and antioxidants, and includes fish, unrefined 
cereals (Alì et  al. 2021), fruit, vegetable, nuts, milk, and 
legumes reported to be beneficial in the prevention of cog-
nitive disorders (Román et  al. 2019). It is defined as a diet 
rich in antioxidants with various phytochemicals (Capurso, 
Crepaldi, and Capurso 2020). The neuroprotective effects of 
the Mediterranean diet are explained by the following mech-
anisms: (i) its ability to decrease inflammation and oxidative 
stress with vascular properties; (ii) the superiority of vegeta-
ble, alcohol, fish, and monounsaturated fatty acids (MUFAs) 
over saturated fatty acids; (iii) cardiovascular protection, 
reducing the risk of comorbidities such as dyslipidemia, 
hypertension, coronary disease, metabolic syndrome and 
obesity (Dohrmann et  al. 2019).

Phytochemicals have a protective role due to their antioxi-
dant activity, which is associated with the overproduction of 
oxidants in the human body. Dietary non-enzymatic antioxi-
dants and enzymatic antioxidants, which are biologically syn-
thesized in the body, protect cells from oxidative damage by 
scavenging free radicals, quenching singlet oxygen, and chelat-
ing metal ions (Borsoi et  al. 2022). Phytochemicals can fight 
neurodegenerative diseases due to aging with their antioxidant 
properties. For instance, polyphenols, characterized by the 
presence of cyclic benzene compounds, have antioxidant and 
anti-inflammatory effects and provide hormonal estrogen 
activity, metal chelation, and regulation of gene expression 
and cell signaling pathways (Román et  al. 2019). Dietary anti-
oxidants include sulfur-containing plant antioxidants of low 
molecular weight, such as carotenoids and phenols, or pheno-
lic antioxidants of high molecular weight, such as tannins 
(Shunan et  al. 2021). Remarkably, polyphenols are able to 
both modulate gene expression and alter epigenetic changes, 
suggesting that they play a critical role in preventing and/or 
developing certain pathologies (Borsoi et  al. 2022). Therefore, 
this review examined the neuroprotective effects of dietary 
phytochemicals on neurological diseases such as Alzheimer’s 
disease, Parkinson’s disease, and dementia.

Phytochemicals

According to their chemical structures, phenolic compounds 
are divided into organo-sulfides, betalains, protein inhibitors, 
terpenes, indoles/glucosinolates/sulfur compounds, and other 
organic acids (Zhang, Virgous, and Si 2019). Phytochemicals 
contribute to the prevention of neurodegenerative diseases 
by reducing reactive oxygen species with the antioxidants 
they contain (Zheng et  al. 2021). Figure 1 shows the classi-
fication of major phytochemicals (Wang et  al. 2021; Alì 
et  al. 2021; Santhiravel et  al. 2022; Al-Khayri et  al. 2023).

Flavonoids and non-flavonoids (phenolic acids, stilbenes, lig-
nans, non-phenolic metabolites, and other polyphenols), which 
together make up more than 8000 different chemicals, are the 
two primary categories of polyphenols) (Singla et  al. 2019). 
Flavonoids, such as flavonols, flavanonols, flavanones, flavones, 
isoflavones, flavonols, anthocyanins, and anthocyanidins, are 
natural antioxidants capable of scavenging free radicals (Durazzo 
et  al. 2019; Singla et  al. 2019). Phytochemicals may be present 
in foods as crude extracts or in complex forms. Examples  
of complex forms include phenolic acids, usually in the form of 
polyol esters, flavonoids, stilbenes, and lignans in the form of 
glycosides (Zamora-Ros et  al. 2016). The leading phenolic acids 
found in food are p-coumaric, caffeic, ferulic, and synaptic 
acids. Quercetin, myricetin, and catechin are the most common 
phytochemicals in the flavonoid group, while resveratrol is the 
most studied stilbene structure (Griñán-Ferré et  al. 2021). Table 
1 shows detailed dietary sources of most phytochemicals.

Alzheimer’s disease

Alzheimer’s disease is an age-related evolving neurodegener-
ative disorder associated with mild cognitive impairment 
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and dementia (Voulgaropoulou et  al. 2019; Taslimi et  al. 
2020), accounting for approximately 60–70% of dementia 
cases (WHO 2021a). The Alzheimer’s Disease International 
(ADI) Association reports that 75% of patients with demen-
tia are undiagnosed worldwide, and this figure is as high as 
90% in some low- and middle-income countries. The latest 
estimates are that the number of people with dementia will 
rise to 139 million by 2050 (ADI. 2022). There is currently 
no known treatment for AD, the fifth leading cause of death 
worldwide, but several risk factors have been identified. Age 
is an important determinant in the incidence of AD. It is 
four times more common at age 80 than at age 70, and nine 
times more at age 65 (Kunkle et  al. 2021).

Although the pathogenesis of AD remains incompletely 
understood, several mechanisms have been reported to have 
a role in this process. These mechanisms are neuritic 
plaques forming by the aggregation of Aβ protein and neu-
rofibrillary tangles (NFTs) forming by the accumulation of 
phosphorylated tau protein (George et  al. 2022; Li et  al. 
2023a). The Aβ protein is a peptide that is cleaved from the 
amyloid precursor protein (APP), an embedded protein at 
the plasma membrane. Aβ fibrils formed by misfolding then 
aggregate and accumulate into plaques that can disrupt 
effective synaptic signaling between neurons (Hartman and 
Ross 2018; Yang, Wang, and Zheng 2018; George et  al. 
2022). The production of Aβ peptides occurs through the 
cleavage of APP by β- and γ-secretases and is referred to as 
the amyloidogenic pathway (Wang et  al. 2020; Yang et  al. 
2023). The Aβ monomers are produced to ensure the sur-
vival of neurons and protect mature neurons from excito-
toxic death (Chen et  al. 2018; Yang et  al. 2023). APP is 
cleaved by α-secretase in the non-amyloidogenic pathway 
(Wang et  al. 2020), so Aβ production does not occur (Wang 

et  al. 2020). The inability to produce Aβ as a result of APPs 
that cannot be cleaved causes cellular damage. Free radicals 
have also been reported to contribute to this damage. 
Damaged neurons play a role in maintaining cognitive 
impairment (Yang, Wang, and Zheng 2018; Yang et al. 2023).

Tau is a highly soluble cytosolic protein commonly found 
in neurons. It is involved in axonal transport, DNA stabili-
zation, and the stabilization of microtubules that support 
synaptic function. The accumulation of highly phosphory-
lated tau protein is expected to polymerize into insoluble 
neurofibrillary tangles. These tangles can affect many neu-
ronal locations, including stabilizing the cytoskeleton, dis-
rupting axonal transport and cell signaling, impairing 
protection against DNA damage, and damaging dendritic 
functions. These cellular perturbations are often associated 
with the reduced neuronal activity and cell death seen in 
AD, so reducing phosphorylated tau has been a therapeutic 
target (Naseri et  al. 2019). Hyperphosphorylation of tau 
proteins causes the formation of neurofibrillary tangles, 
resulting in intramolecular fibrosis, inflammation, and oxi-
dative damage in the brain. By reason of NFTs, which lead 
to disruption of axonal transport and microtubules, gliosis 
is induced and inflammatory damage is exacerbated (Li, 
Feng, et  al. 2021). It has been reported that all of these 
pathological factors work together, NFTs and Aβ trigger the 
formation of pro-inflammatory processes and free radicals, 
and pro-inflammatory cytokines and free radicals trigger 
the formation of NFTs and Aβ. Thus, a vicious cycle 
between NFTs, Aβ, inflammation, and oxidative stress has 
been reported. Both inflammatory processes and oxidative 
damage are commonly observed at sites of neurodegenera-
tion (Chen et  al. 2018) and are among the factors that 
affect the onset and progression of neurodegeneration.  

Figure 1.  Classification of phytochemicals (Wang et  al. 2021; Alì et  al. 2021; Santhiravel et  al. 2022).
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The oxidation mechanisms of Aβ aggregates have been 
shown to include radical formation by iron or copper bind-
ing and superoxide stimulation. Superoxide anion (O2-), 
hydrogen peroxide (H2O2), and hydroxyl radical (HO) are 
important free radicals involved in neurodegeneration. In 
addition, nitric oxide, which reacts with hydrogen peroxide 

and contributes to the production of peroxynitrite (ONOO-
), is also effective in the development of oxidative damage 
(Jurcau 2021).

The disease is associated with progressive neuronal loss, 
synaptic degeneration, brain atrophy, gliosis, and leuko-
araiosis (Hartman and Ross 2018; Li, Hatano, and Hattori 

Table 1.  Food sources of various phytochemicals (Zhu, Du, and Xu 2018; Al-Khayri et  al. 2023).

Phytochemicals Foods

Extract Procyanindine extract Grape seeds
Citrus peel extract Citrus
Acetone extract Black bean
Ethanol extract Bitter bean
Ethyl acetate extract Chinese pear
Aqueous extract Mung bean

Phenolic Acid Capsaicin Ginger, curry, leek, green onion
Chlorogenic Acid Coffee, most fruits, and vegetables
Ferulic Acid Grains such as oats, corn, rice
Zerumbone
3-O-Methyl Kaempferol

Ginger

Punicalagin, Punicalin, Strictin A
Garnet B

Pomegranate

Narirutin Citrus
Flavon velutin Acai berry

Triterpenoids Monomeric compounds Pear
Pentacyclic triterpenoids Apple

Flavonoids Apigenin, Luteolin and Wogonin Herbs such as parsley, rosemary, thyme, cereals, 
chamomile, celery, mint, and Ginkgo Biloba

Quercetin Red and yellow vegetables and fruits, onions, cabbage, 
cauliflower grapes, cherries, French bean, apples, and 
grains

Naringenin Citrus
Taxifolin
Eriodictyol
Flavonols (Kaempferol, Fisetin, Myricetin, 

Isorhamnetin, Silymarin, Rutin)
Saffron, tomatoes, lettuce, apples, grapes, fruits, onions, 

cabbage, red wine, and tea
Curcumin Turmeric
Flavanols (Catechins) Green tea, cocoa fruit
Epicatechin Black and green tea and fruits, such as bananas, peaches, 

blueberries, apples, and pearEpigallocatechingallate (EGCG)
Gallocatechin Some legumes, grapes, and wine seeds
Anthocyanins and Glycosides Fruits and vegetables, red wine, strawberries and red 

grapes
Flavones Leguminous crops, especially soy and soy products
Malvidin Merlot grapes, red grapes, blueberries, raspberries, 

strawberries, cranberries, blueberries, and blackberriesProcyanidin
Cyanidin
Delphinidin
Peonidine

Saponinler Isoflavones (Genistein, Daidzein, Glycetein) Tofu, roasted soybeans, miso
Soy Saponins Soybean
Angularin A, Angulasaponins A-C And
Azukisaponins III and VI

Adzuki bean

Lectin Lectin Butterfly bean
Stilben Resveratrol Grapes, wine
Lignans Plant Lignans Flaxseed has the highest content, whole grains, asparagus, 

vegetables, and tea
Indole and Derivatives Vegetables

Alkaloids Caffeine Coffee
Organic Sulfur Isothiocyanate Cruciferous vegetables such as cabbage, Brussels sprouts, 

broccoli, and cauliflower
Glucosinolate, Isobisulfate Some cruciferous sprouts (broccoli and cauliflower, bok 

choy, radishes)
Allyl Sulfur Onions, spring onions, leeks, and chives
Coumarin Derivatives Coumaric acid and chlorogenic acid in tomatoes, 

strawberries, pineapple, and green peppers
Carotenoids β-Carotene Orange and yellow vegetables and fruits

Lutein and Zeaxanthin Dark green leafy vegetables
Lycopene Tomato, watermelon, pink grapefruit, apricot, and pink 

guava
Phytosterol Stigmasterol, Sitosterol and Campesterol Oilseeds, unrefined vegetable oils, whole grains, nuts and 

legumes
Fiber Cellulose, Hemicellulose, Lignin, Inulin Whole Grains



Critical Reviews in Food Science and Nutrition 5

2021; Wang et  al. 2021). Also, several molecular changes 
are observed in aging individuals. These changes include a 
defect in the primary proteolytic mechanism for abnormal 
clearance proteins, including the ubiquitin-proteasome sys-
tem (UPS), Aβ, and tau proteins. To ameliorate the defects 
in mechanisms in various AD models, phytochemicals may 
be critical agents for both the prevention and treatment  
of neurodegenerative diseases characterized by the accu-
mulation of abnormal proteins. For example, resveratrol 
up-regulates the activity of the proteasome in AD models, 
restoring the functionality of the UPS and playing a crucial 
role in both the prevention and treatment of neurodegener-
ative diseases characterized by the accumulation of abnor-
mal proteins (Griñán-Ferré et  al. 2021). Besides age, several 
behavioral risk factors including excessive alcohol consump-
tion, smoking, and physical inactivity have been regarded as 
behaviors causing the development of AD (Li et  al. 2023a). 
Additionally, dietary studies have shown that a bad dietary 
pattern increases the incidence of obesity, hypertension, 
and diabetes, whereas a healthy dietary pattern may protect 
against AD and perhaps cause learning and memory impair-
ment (Cremonini et  al. 2019; Hill et  al. 2019; Jin et  al. 2021; 
Wesselman et  al. 2021). It is predicted that phytochemicals, 
which have been proven in various studies in the litera-
ture, may be a therapeutic approach for Alzheimer’s disease, 
considering that diet modulates the immune system and 
different nutrients and bioactive compounds may influence 
neuroinflammation (Wang et  al. 2020; Decandia et  al. 2023).

Phytochemicals and alzheimer’s disease
Phytochemicals have a number of important biological and 
health-promoting effects. Polyphenols are the most abundant 
form of secondary metabolites and have a major antioxidant 
activity that prevents the progression of the disease.  
Phenolic acids, which are abundantly found in coffee, tea, 
whole cereals, strawberry, and nuts, are defined as one of 
the main classes of polyphenols (Szwajgier, Borowiec, and 
Pustelniak 2017). Phenolic acids and polyphenols, a group  
of plant-derived compounds widely represented in the com-
mon diet, have been reported to apply neuroprotective 
effects on the brain against oxidative stress, inflammation, 
abnormal protein aggregation, and chronic immune cell  
activation through a combination of antioxidant, anti- 
inflammatory, antiapoptosis and anti-aggregation activities 
(Caruso et  al. 2022).

Capsaicin, one of the major phenolic acids, naturally 
occurs, is derived from plants of the genus Capsicum, known 
as chili peppers, and belongs to the Vanilloid compound 
family. It is a bioactive phytochemical abundant in red and 
chili peppers. 100 g of edible red pepper contains 8.81 g car-
bohydrate, 1.87 g protein, 88 g water, 1.50 g pulp, 534 μg 
beta-carotene, 1.24 mg niacin, 144 mg ascorbic acid, and 
43 mg phosphorus (USDA. 2019; Batiha et  al. 2020). Native 
to South America, it is reported that a quarter of the world’s 
population consumes red pepper on a daily basis (Wang 
et  al. 2022a). Capsaicin is absorbed from the stomach and 
intestine by inactive transport and serum concentrations 
peak approximately 1 h after ingestion (Pasierski and Szulczyk 

2022). Capsaicin consumed with food is absorbed by 
non-active transport and approximately 5% of capsaicin 
passes into the portal vein and from there to the whole 
body and to brain tissue by crossing the blood-brain barrier 
(Wang et  al. 2021). Transient receptor potential vanilloid 1 
(TRPV1) channels are activated by capsaicin, according to a 
commonly reported mechanism of action (Pasierski and 
Szulczyk 2022). It has been reported that TRPV1 located in 
various parts of the brain (Liu et  al. 2020) affects brain neu-
rons and glial cells through dependent and independent 
mechanisms, and capsaicin, an agonist of TRPV1, has a role 
in increasing energy expenditure, vasodilator effect in vessels 
and scavenging of free radicals (Xu et  al. 2017) protects 
against oxidative stress, which is responsible for the develop-
ment of neurological and other age-related diseases. Many 
different beneficial effects of capsaicin in neurodegenerative 
diseases, epilepsy, stroke, and depression have been described 
in animal and human studies (Xia et  al. 2021; Wang et  al. 
2022b). In one study, capsaicin was found to reduce 
excitotoxin-induced production of nerve growth factor A 
and the proinflammatory cytokines IL-1β and IL-6 in brain 
tissue (Kilinc et  al. 2023). In another study, it was found 
that capsaicin intake reduced brain Aβ protein accumulation 
in APPswe/PS1dE9 (APP/PS1) mice by stimulating ADAM10 
production by shifting the APP process toward α-cleavage. 
Capsaicin intake also inhibited neurodegeneration, hyper-
phosphorylation, and neuroinflammation of tau (Wang et  al. 
2020). The levels of phosphorylated tau protein were found 
to significantly reduce at Ser199, Ser202 and Ser396 sites in 
the hippocampus of type 2 diabetic rats fed a high-fat diet 
with capsaicin treatment, while no significant difference was 
reported in non-diabetic rats (Xu et  al. 2017).

Other phenolic acids with neurodegenerative effects 
reported in the literature are chlorogenic acid and ferulic 
acid. Chlorogenic acid is a phenolic acid component and it 
has antioxidant, anti-inflammatory, and neuroprotective 
properties (Saitou et  al. 2018; Yang, Wang, and Zheng 2018; 
Gao et  al. 2020; Jurcau 2021). Both caffeinated and decaf-
feinated coffee contains high levels of chlorogenic acid. 
According to reports, one cup of coffee contains 70–350 mg 
of chlorogenic acid. The neuroprotective effects of regular 
coffee consumption have been attributed to chlorogenic acid, 
which is characterized as a polyphenol found at high levels 
in coffee (Saitou et  al. 2018). In addition to chlorogenic acid, 
coffee also contains neuroprotective components. For exam-
ple, chlorogenic acid lactones, caffeic acid, kahweol, and 
cafestol may also have neuroprotective effects (Kim, 
Robinson, and Newman 2022).

Chlorogenic acid and caffeine can reduce β-amyloid accu-
mulation and prevent beta-amyloid-induced neurotoxicity in 
cerebral neurons (Socała et  al. 2020). In addition, caffeine is 
said to have a therapeutic effect on Alzheimer’s disease 
because it is a potent anti-inflammatory agent, antioxidant, 
mitochondrial activator, neuronal activator, and stimulator of 
glucose use (Ruiss, Findl, and Kronschläger 2022). Various 
studies have reported that treatment of 5-caffeoylquinic acid, 
the most abundant component of coffee polyphenols, signifi-
cantly reduces Aβ plaque formation and neuronal loss in the 
hippocampus (Kim et  al. 2019; Ishida et  al. 2020a; Ishida 
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et  al. 2020b). Another study revealed that coffee treatment 
reduced biochemical factors such as lipid peroxidation mark-
ers and TNF-α. In addition, the coffee treatment prevented 
the decrease in total antioxidant concentration levels 
(Sedaghat et  al. 2019). Haller and colleagues also found that 
chronic coffee consumption provided beneficial cognitive 
performance and its moderate-to-heavy consumption pro-
vided cognitive cerebral blood flow (Haller et  al. 2018). 
Macroautophagy (autophagy) refers to a catabolic process 
that is active in amyloid-β (Aβ) deposition and the clearance 
of hyperphosphorylated tau proteins. In an in vivo and in 
vitro study using APP/PS1 mice, chlorogenic acid treatment 
was found to inhibit Aβ25–35 induced autophagy by modulat-
ing lysosomal function. It has also been reported to be effec-
tive in reducing cognitive damage through activation of the 
mTOR/TFEB pathway (Gao et  al. 2020). Despite its health 
benefits, the bioavailability of chlorogenic acid is low and 
only one-third of it enters the circulation (Yang, Wang, and 
Zheng 2018).

Seed crops such as wheat, oat, rice, and corn bran, fruits 
such as orange and pineapple, and vegetables such as carrot, 
eggplant, artichoke, and tomatoes are known to be the main 
sources of ferulic acid (4-hydroxy-3-methoxycinnamic acid) 
(Mori et  al. 2019). With a low molecular weight, ferulic acid 
has high cell permeability and bioavailability. It is absorbed 
from the gastric mucosa and transported to the hepatic por-
tal vein and then to the liver for metabolism (Mori et  al. 
2019). Ferulic acid has been identified as an effective scav-
enger of ROS and RNS, reducing the possibility of radicals 
attacking proteins and thus preventing oxidative changes. 
This ability is predicted to be based on its antioxidant  
and anti-inflammatory potential, and its ability to suppress 
leukotriene synthesis and reduce oxidative stress in the  
brain (Singh et  al. 2022). In another study using 
epigallocatechin-3-gallate, an A- secretase activator, and feru-
lic acid, a β-secretase modulator, transgenic mice (12 months 
old) expressing Aβ protein precursor and presenilin 1 (APP/
PS1) were given EGCG and/or FA (30 mg/kg each) once 
daily for 3 months. The combined treatment reduced Aβ 
protein levels and brain parenchymal and cerebral vascular 
β-amyloid deposits. It also reduced synaptoxicity, oxidative 
damage, and neuroinflammation (Mori et  al. 2019). 
Numerous models of neuroinflammation have been used to 
extensively illustrate the anti-inflammatory properties of 
ferulic acid in the nervous system. In Alzheimer’s disease, 
activated microglia-mediated neuronal immunity causes neu-
rodegeneration (Dong and Huang 2022). One study found 
that phosphodiesterase 4 activity stabilized LPS-induced 
upregulation and reversed LPS-induced downregulation of 
CREB and pCREB. Accordingly, it was reported that ferulic 
acid may be a therapeutic intervention tool for the treatment 
of neuroinflammatory diseases (Huang et  al. 2016).

Resveratrol, catechins, berberine, and curcumin belong to 
the group of flavonoids, and epidemiological studies are 
increasing day by day showing a link between their con-
sumption and the prevention of Alzheimer’s disease 
(Calderaro et  al. 2022; Sajad, Kumar, and Thakur 2022). 
Flavonoids are composed of a 15-carbon skeleton containing 
two benzene rings (A and B) connected to each other by a 

heterocyclic pyran ring (C). Among polyphenols, more than 
8000 are classified as flavonoids (Al-Khayri et  al. 2023). 
Subgroups of flavonoids include flavones (apigenin, chrysin, 
diosmetin and luteolin), flavonols (kaempferol, myricetin, 
quercetin and rutin), flavones (hesperidin, naringin and  
neohesperidin), flavols (catechin, epicatechin, gallocatechin 
epigallocatechin gallate, procyanidin and tea flavins), flavo-
nolignans (silymarin), anthocyanidins (cyanidin, malvidin, 
pelargonidin) and isoflavones (genistein, daidzein) (Evans, 
Mendonca, and Soliman 2022). Anti-inflammatory flavo-
noids can reduce the activity of cytokine, chemokine, and 
inflammatory enzymes by interacting with many molecules 
involved in inflammatory pathways (Al-Khayri et  al. 2023). 
Flavonoids have been shown to have positive effects on  
cognitive function by reducing synaptic dysfunction, pre-
venting changes in protein processing, activating neuro-
trophic signaling pathways, and inhibiting oxidative and 
inflammatory processes (Maher 2019). An epidemiological 
study found that individuals who consumed the most flavo-
nols, anthocyanins, and flavonoid polymers had a lower risk 
of ADRD than those who consumed the least. A similar 
trend for AD was found for flavonols and anthocyanins, but 
not for flavonoid polymers (Shishtar et  al. 2020). Dietary 
intake of flavonoids is estimated to be 200–350 mg/day 
(Khan et  al. 2019).

Apigenin (API), one of the major flavonoids, is naturally 
present in foods such as orange, parsley, onion, celery, 
thyme, basil, chamomile, wine, beer, and tea (Salehi et  al. 
2019). Many studies have reported that apigenin has potent 
anti-inflammatory, anti-carcinogenic, and antioxidant effects 
(Chen et  al. 2017; Telange et  al. 2017; Zhong et  al. 2017). 
Several studies have shown that apigenin can prevent mem-
ory loss as a result of Alzheimer’s disease. It has been 
reported that pretreatment with the API can significantly 
improve long-term memory, improve learning and memory 
abilities, and ameliorate neurovascular oxidative damage by 
reducing the levels of pCREB and tropomyosin receptor 
kinase B (TrkB) (Nabavi et  al. 2018). Another study found 
that apigenin treatment did not affect the development of 
spatial memory, although it significantly reduced microglial 
activation (Chesworth et  al. 2021). Ginwala et  al. found that 
apigenin treatment decreased the mRNA and protein levels 
of RelB, an NF-κβ pathway protein, and controlled the reg-
ulation of dendritic cell activity (Ginwala et  al. 2021).

Luteolin (3′,4′,5,7-tetrahydroxy flavones), found in vegeta-
bles such as celery, thyme, mint, and parsley, has been 
reported to have antioxidant, anti-inflammatory, and neuro-
protective properties (Kwon 2017). Another study reported 
that luteolin treatment improved spatial learning and inhib-
ited neuroinflammation (NO, TNF-α, IL-1β, IL-6, COX-) in 
rats with AD (Kou et  al. 2022). The mechanism by which 
luteolin reduces neuroinflammation is due to its role as a 
scavenger of oxygen and nitrogen species, which are associ-
ated with a variety of pharmacological and antioxidant prop-
erties (Islam et  al. 2022). In another study, it was found that 
luteolin activated neuronal cell-extracellular signal-regulated 
kinase (ERK1/2) and enhanced the Nrf2 pathway (Calis, 
Mogulkoc, and Baltaci 2020; Uddin et  al. 2020). It also 
reduces neuroinflammation by suppressing the activation of 
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NF-kB, signal transducer and transcription 3 (STAT3), c-Jun 
N-terminal kinases (JNK), p38 and extracellular 
signal-regulated kinases 1/2 (ERK1/2), which play a role in 
glial cell activation and inflammatory mediator release 
(Kempuraj et  al. 2021). Furthermore, luteolin has been 
reported to suppress lipopolysaccharide (LPS) -induced 
IL-1β expression by inhibiting endoplasmic reticulum (ER) 
stress, thus AD model ameliorating depression-like behaviors 
in mice (Nakagawa 2022). Similar to the current study, lute-
olin was found to protect dopaminergic neurons by inhibit-
ing microglial activation in LPS-induced neuroinflammation 
in in vitro environment (Kempuraj et  al. 2021).

Berberine is an isoquinoline alkaloid that can be extracted 
from the rhizome, stems, roots, and bark of the Berberis 
plants, Hydrastis canadensis, and Coptis chinensis. Berberine 
has the ability to pass through the blood-brain barrier and 
act directly on neurons, which can activate Akt/GSK-3/
Nrf2-mediated regulation, which can safeguard neurons. It 
can also reduce TNF-α, COX-2, andIL-1 and induce NGF 
and brain-derived neurotrophic factor (BDNF) secretion 
(Islam et  al. 2022). It also shows that berberine destroys 
misfolded proteins, which exert neurotoxic effects (Rusmini 
et  al. 2020). In Alzheimer’s disease, berberine has been 
shown to improve cognitive function in mice by reducing 
tau hyperphosphorylation and promoting autophagic clear-
ance of tau (Chen et  al. 2020). Berberine has the capability 
to regulate mitochondrial bioenergetics in vitro, reduce the 
malfunction of primary energy and glutathione metabolic 
pathways, inhibit basal respiration, and decrease the produc-
tion of proinflammatory cytokines. In addition, berberine 
and pioglitazone (an oral antidiabetic drug) have similar 
binding affinity for the peroxisome proliferator-activated 
receptor gamma (PPARγ) protein and overlapping effects on 
Alzheimer’s disease (Wong et  al. 2021).

Quercetin, whose dietary intake is approximately 
10–16 mg/day, is found in edible plants such as watercress, 
asparagus, coriander, onion, lettuce, various fruits, and nuts. 
The dose of quercetin aglycone, which has antioxidant 
properties and is recommended as a dietary supplement, is 
reported to be 1 g/day (Khan et  al. 2019; Jurcau 2021). The 
antioxidant and chelating effects of quercetin are attributed 
to its A-ring free hydroxyl group and B-ring catechol groups 
(Zaplatic et  al. 2019). Its capacity to lessen oxidative stress 
by scavenging free radicals has been shown to have neuro-
protective effects (Wang et  al. 2021). The blood-brain bar-
rier is responsible for protecting brain integrity by regulating 
cell permeability in the brain endothelium (Zaplatic et  al. 
2019). The studies have reported that quercetin treatment at 
various amounts and durations improves memory loss 
(Nakagawa et  al. 2016) and Aβ protein-induced learning 
impairment (Li et  al. 2017) and alleviates neuroinflamma-
tion by inhibiting the expression of inflammatory markers 
such as TNF-α, IL-1β, IL-6, COX (Bahar, Kim, and Yoon 
2017). In their study, Jain et  al. found that quercetin treat-
ment significantly reversed altered memory in mice, with 
reduced spontaneous changes in the Y and T maze tests 
and reduced exploration time in novel object recognition, 
increased immobility time, and reduced muscle strength in 
the forced swimming test (Jain et  al. 2022). Another study 

reported that quercetin treatment attenuated 
pro-inflammatory mediators in the brain and reduced cell 
degeneration and death (Olayinka et  al. 2022). As shown by 
various literature reviews, the possible beneficial effects of 
quercetin on memory are activation of Nrf2-ARE, ERK/
CREB/BDNF, Akt, AMPK signaling pathways or NMDA 
receptors and inhibition of Ask/JNK/Jun, RAE signaling 
pathway and PP2Ca (Dong et  al. 2017; Babaei, Mirzababaei, 
and Nassiri‐Asl 2018; Zhang et  al. 2020a). In a study using 
fibrillar Aβ1–40 (fAβ1–40) induced brain microvascular 
endothelial cells (hBMECs), the protective effects of querce-
tin were investigated and it was found that Aβ1-40 cytotox-
icity, ROS generation, and lactate dehydrogenase release 
were reduced in a dose-dependent manner, superoxide dis-
mutase (antioxidant enzyme) increased, nuclear damage was 
corrected and barrier integrity was improved (Li et  al. 
2015). A systematic review including animal studies revealed 
that quercetin showed consistent neuroprotective effects in 
AD models (Zhang et  al. 2020b). This suggests that by 
reducing inflammation and free radical stress and promot-
ing neurogenesis, quercetin may serve as a crucial therapeu-
tic agent against multiple NDDs. The indirect and direct 
antioxidant activity and metal-chelating capacity of querce-
tin play an important role in attenuating neuronal damage. 
Its anti-inflammatory property has also been proven to be 
neuroprotective due to its tendency to modulate the expres-
sion of pro-inflammatory chemokines and cytokines 
(Chiang, Tsai, and Wang 2023). Furthermore, quercetin is a 
potential drug with minimal toxicity for the treatment of 
neurodegenerative diseases due to its potential to 
anti-aggregate and degrade defective proteins such as 
α-synuclein and Aβ-peptide. Finally, quercetin has been 
reported to have a beneficial effect in reversing or prevent-
ing memory loss associated with aging and NDD (Grewal 
et  al. 2021).

Curcumin (phytopolylphenol) is a phytochemical with 
antioxidant, anticancer, anti-inflammatory, and anti- 
amyloidogenic properties from Curcuma longa (Zingiberaceae) 
(Choudhari et  al. 2019; Sajad, Kumar, and Thakur 2022). In 
Alzheimer’s disease, glial activation and cytokine production 
in the damaged area of the brain have been reported as a 
result of neuroinflammation, and curcumin has been 
reported as an anti-inflammatory compound with properties 
to inhibit these functions (Chen et  al. 2018; Ullah et  al. 
2022). Its anti-inflammatory activities include inhibition of 
TNF-α or IL-1, −2, −6, −8, and −12, NF-κB, and suppres-
sion of inflammatory enzymes such as NOS and COX-2 
(Voulgaropoulou et  al. 2019). It promotes anti-inflammatory 
effects via a number of inflammatory signaling pathways, 
including the Toll-like receptor-4 (TLR-4) pathway. Activation 
of TLRs initiates the signaling cascade leading to activation 
of the NF-κB transcription factor, a transcription factor 
required for the expression of many inflammatory cytokines, 
including TNF-α and interleukin. Curcumin administration 
has been reported to attenuate the TLR4/NF-κB inflamma-
tory signaling pathway (He et  al. 2020; Ullah et  al. 2022).  
It has also been reported to scavenge free radicals (ROS  
and RNS), regulate the activity of antioxidant enzymes such 
as superoxide dismutase (SOD), reduce ROS-generating 
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enzymes such as COX and xanthine oxidase (Jurcau 2021), 
and inhibit LPS-induced microglial activation (Zhang, 
Virgous, and Si 2019; Zhang et  al. 2019b). Curcumin also 
plays a role in the clearance and inhibition of tau tangles 
and neurotoxicity (Sajad, Kumar, and Thakur 2022). In both 
in vitro and in vivo studies, curcumin has been found to 
significantly reduce oxidative stress and systemic inflamma-
tion and to inhibit pathways that activate transcription fac-
tors that increase these processes (Sarker and Franks 2018). 
Although it can cross the blood-brain barrier, its disadvan-
tages include poor absorption, low solubility, rapid metabo-
lism, and excretion (Voulgaropoulou et  al. 2019). In animal 
models, curcumin’s anti-Alzheimer’s potential has been 
linked to its ability to cross the blood-brain barrier. Thus, it 
has been reported to prevent Aβ aggregation and protect 
neurons from Aβ-induced toxic insults (Reddy et  al. 2018). 
The methoxyphenyl group in the structure of curcumin may 
help suppress pathogenic mechanisms in Alzheimer’s disease 
by exhibiting chelating activity with iron and other metals 
(Sajad, Kumar, and Thakur 2022). In a study investigating 
the relationship between curcumin and gut microbiota in 
APP/PS1 double transgenic mice, curcumin reduced amyloid 
plaque burden and improved spatial learning and memory 
abilities in the hippocampus. It has also been shown that 
curcumin can partially correct gut microbiota dysbiosis and 
increase the number of certain bacterial species that may 
play a role in the development of AD. In addition, it was 
shown that the gut microbiota can biologically convert cur-
cumin into a number of metabolites that have been reported 
to have neuroprotective effects (Sun et  al. 2020). The neuro-
protective effects of curcumin have been observed in both in 
vitro and in vivo models of Alzheimer’s disease. It has been 
shown to protect against Ap-induced mitochondrial and 
synaptic toxicity in the human neuroblastoma cell model 
SH-SY5Y (Vaiserman et  al. 2020). Curcumin derivatives 
were also shown to be beneficial in Alzheimer’s disease and 
to be novel potent inhibitors of tau protein or β-amyloid 
(Chainoglou and Hadjipavlou-Litina 2020). In another study, 
curcumin was found to increase cognitive function in 
humans by reducing Aβ accumulation, oligomerization, and 
tau phosphorylation in Alzheimer’s brain (Shakeri et  al. 
2019). All these findings suggest that curcumin may be one 
of the most promising compounds for the development of 
Alzheimer’s disease treatment.

Epigallocatechin (EGCG) is a catechin found in small 
amounts in green tea, tea leaves, and carob flour (Mori et  al. 
2019; Choudhari et  al. 2019; Luo et  al. 2023). It is also 
found in trace amounts in nuts such as hazelnuts and  
walnuts, and fruits such as cranberries and apples. It has 
metal-chelating, anticarcinogenic, anti-inflammatory, anti- 
obesity, anti-diabetic, and antioxidant properties (Mori et  al. 
2019; Youn, Ho, and Jun 2022). In green tea production, 
steaming and roasting techniques prevent the formation of 
oxidation and thus preserve polyphenols (Xing et  al. 2019). 
Green tea polyphenols (GTPs) consist of epigallocatechin- 
3-gallate (EGCG), epigallocatechin, epicatechin, epicatechin 
gallate, and catechin (Nan et  al. 2021). GTPs have shown 
neuroprotective effects in Alzheimer’s disease with anti- 
inflammatory and anti-amyloidogenic properties (Bao et  al. 

2020; Luo et  al. 2023). Several experiments have demon-
strated that EGCG regulates amyloid precursor protein 
(APP) processing and consequently reduces Aβ deposition 
(Zhang et  al. 2020b; Dong et  al. 2021; Khalil et  al. 2022). 
EGCG administration at various doses improved learning 
and memory functions by reducing BACE1 expression, tau 
hyperphosphorylation, and AchE activity in the Aβ 25–35 
solution-injected rat model. In addition, free radicals were 
scavenged, especially at high doses of EGCG, resulting in 
improved memory (Nan et  al. 2021; Özduran, Becer, and 
Vatansever 2023; Luo et  al. 2023).

Anthocyanins are the glucosides of anthocyanidins, which 
are flavonoid derivatives that are produced via the phenyl-
propanoid pathway. They are found in all tissues of higher 
plants, including leaves, stems, roots, flowers, and fruits. The 
six dominant anthocyanidins found in food are cyanidin, 
delphinidin, pelargonidin, peonidin, petunidin, and malvidin 
(Khoo et  al. 2017; Mattioli et  al. 2020). They are found in 
dark-colored foods such as purple vegetables, fruits, and 
black cereals (Bergland et  al. 2019; Hein et  al. 2019; Li, 
Feng, et  al. 2021). Anthocyanins are absorbed in the  
stomach by binding to bilirubin reductase and in the small 
intestine by active transport and passive diffusion, mainly  
in the jejunum. After SI absorption, bilirubin enters the 
enterohepatic circulation (Li, Feng, et al. 2021). Anthocyanins 
may alleviate AD symptoms by reducing oxidative stress  
and inflammation and increasing microglial viability. 
Anthocyanins also have a beneficial role in brain cells by 
protecting against neurotoxicity and DNA damage through 
the prevention of lipid peroxidation (Nimse and Pal 2015; 
Li, Feng, et  al. 2021). Typically in neurons, ROS are induced 
by excessive glutamate exposure, leading to excitotoxic neu-
ronal damage. Anthocyanins can suppress oxidative stress in 
the nervous system by directly scavenging ROS (Thummayot 
et  al. 2014).

Hesperidin is a substance used in traditional Chinese 
medicine that is also present in tea, olive oil, and particu-
larly citrus fruits. In numerous models of illnesses of the 
central nervous system (CNS), hesperidin has been demon-
strated to have considerable antioxidant, anti-inflammatory, 
and neuroprotective properties (Li et  al. 2023b). As a neuro-
protective agent, hesperidin inhibits NF-кB signaling by the 
receptor for advanced glycation end-products (RAGE) and 
activates Akt/Nrf2 to suppress inflammation and oxidative 
stress (Hong and An 2018). In neurodegenerative models 
both in vitro and in vivo, hesperidin has been shown to  
protect neurons against toxicity and caused oxidative stress, 
inflammation, and the production of neurotoxic chemicals 
(Evans, Mendonca, and Soliman 2022). Yıldız et  al. (2022) 
found that hesperidin reduced lipid peroxidation and 
increased SOD, CAT, and GPx activities and GSH levels  
in brain tissue. Another study revealed that hesperidin  
treatment prevented AlCl3-induced cognitive deficits, bio-
chemical abnormalities, and apoptosis (Justin Thenmozhi 
et  al. 2017). TLR4-mediated glial cell-mediated antioxidant 
mechanisms mediate neuroinflammation and neurodegener-
ation. Hesperidin treatment, by improving TLR4-mediated  
ionized calcium-binding adaptor molecule 1/glial fibrillary 
acidic protein (Iba-1/GFAP) expression, significantly reduced 
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the expression of inflammatory cytokines. It also improved 
cognitive dysfunction in mice according to the Y maze tests 
and Morris water maze (Muhammad et  al. 2019). Javed 
et  al. (2015) found that hesperidin improved the memory 
consolidation process, possibly by modulating acetylcholine 
esterase (AChE) activity, and modulated neuronal cell death 
by inhibiting the overexpression of inflammatory markers 
such as NF-κB, and NOX, COX-2, and glial fibrillary acidic 
protein-positive astrocytes. Hesperidin promotes spatial 
memory performance by two main mechanisms. These 
mechanisms directly improve the synaptic connections 
between cortical neurons and the hippocampus, and they 
also indirectly do so by increasing TGF-1 secretion, which 
increases the cortical astrocytes’ synaptogenic activity (Matias 
et  al. 2017; Li et  al. 2023b).

Stilbenes have many effects such as anti-cancer, 
anti-inflammatory, anti-aging, antioxidant, and anti- 
atherogenic effects. Resveratrol and pterostilbene are 
familiar monomeric stilbenes (Teka et al. 2022). Resveratrol 
(3,5,4′-trihydroxy-trans-stilbene), a polyphenolic stilben-
oid (phytoalexin), is an important constituent of grapes 
and red wine. It is also found in foods such as strawber-
ries and peanuts (Choudhari et  al. 2019; Alì et  al. 2021; 
Jurcau 2021; Sarroca et  al. 2021; Grau, Soucek, and Pujol 
2023). Resveratrol has been reported to have 
anti-inflammatory, antioxidant, anti-cancer, anti-aging and 
neuroprotective properties (Griñán-Ferré et  al. 2021; 
Sarroca et  al. 2021). Long-term (5 months) low dose 
(1.25 mg/rat/day) resveratrol administration was found to 
regulate down reduce the production of compounds 
involved in inflammatory and oxidative processes such as 
IL-6, NF-κB and TNFR2, NO, and ROS in the brain 
(Garrigue et  al. 2021). However, resveratrol is known to 
have little activity against tau protein, which is associated 
with neurodegenerative diseases such as Alzheimer’s and 
Parkinson’s (Grau, Soucek, and Pujol 2023). One of the 
primary neuroprotective effects of resveratrol is its ability 
to inhibit NF-κB activity. It can reduce microglia-dependent 
Aβ toxicity by activating SIRT1 and inhibiting NF-κB  
and exerts neuroprotective effects by inhibiting the 
over-activation of microglia through the regulation of 
these pathways (Huang et  al. 2021). It may also counter-
act the progression of brain aging by inducing mild stress 
(i.e., a hormetic response) in neural cells (Corbi et  al. 
2016). Furthermore, in a model of C8-B4 glial cell neu-
roinflammation directly induced by LPS, resveratrol inhib-
ited the inflammatory cascade and protected the 
neuronal-like Neuro2a cell line in co-cultures (Steiner 
et  al. 2016). The beneficial effects of resveratrol were 
attributed in part to the inhibition of p-STAT1 and  
Keap1 and the upregulation of Nrf2 and SLC7A11. It has 
been reported to provide neuroprotective effects by reduc-
ing inflammation and oxidative stress (Li, Shen, et  al. 
2021). A negative relationship between wine drinking  
and the risk of Alzheimer’s disease has been discovered  
in several epidemiologic research. Resveratrol may have 
therapeutic effects on Alzheimer’s disease, according  
to this theory (Chan et  al. 2019; Sajad, Kumar, and 
Thakur 2022).

Pterostilbene (PTS) (trans-3,5-dimethoxy-40-hydroxystilbene) 
is a natural polyphenol and dimethyl ether analog of resveratrol 
found in foods such as grape, blueberry, and peanut. It has 
been documented that as a natural component of the diet, PTS 
has a higher bioavailability when compared to other stilbene 
compounds (Seo, Fischer, and Efferth 2018; Nagarajan et  al. 
2022). Several lines of evidence have demonstrated the efficacy 
of PTS, which provides preventive and therapeutic benefits in 
experimental disease models, in counteracting oxidative damage 
and inflammation (Chan et  al. 2019; Nagarajan et  al. 2022; Xu 
et al. 2022). Pterostilbene has the ability to heal age-related cog-
nitive impairment. In one study, rats showed improved behav-
ioral performance and memory consolidation through the 
treatment of pterostilbene (La Spina et  al. 2019). Pterostilbene 
has no effect on SIRT1 expression and activation. However, in 
contrast to resveratrol, pterostilbene has been shown to have an 
effect on cognitive status, as assessed by the radial arm water 
maze in mice. It has also been reported to decrease 1) cellular 
stress, including manganese superoxide dismutase, an endoge-
nous antioxidant defense protein; 2) inflammation, including 
peroxisome proliferation-activated receptor α-receptor; and 3) 
AD markers, including phosphorylated tau (Freyssin et  al. 
2020). Activated microglia can secrete a variety of 
pro-inflammatory factors, including cytokines, chemokines, 
ROS, reactive nitrogen species, and prostaglandins. It is believed 
that the prolonged secretion of these factors can lead to neuro-
nal damage, which can further activate microglia and lead to a 
condition known as microgliosis. Treatment with resveratrol 
and pterostilbene has been shown to protect neurons from 
neuroinflammation by inhibiting ROS production (Poulose 
et  al. 2015; Li et  al. 2022a).

Carotenes found in yellow-orange vegetables and fruit 
such as melon, tomato, carrot, and apricot are defined as 
fat-soluble compounds and are reported as rich sources 
of vitamin A (Torregrosa-Crespo et  al. 2018; Davinelli 
et  al. 2021). Xanthophylls (lutein, zeaxanthin, and A and 
β-cryptoxanthin) and carotenes (α-carotene, β-carotene, 
and lycopene) are composed of two subclasses (Kim et  al. 
2017) and more than 700 have been identified, with lutein, 
zeaxanthin, β-cryptoxanthin, β-carotene, α-carotene, and 
zeaxanthin being the most abundant in human diet and 
serum (Davinelli et  al. 2021). A lower incidence of heart 
disease, cancer, macular degeneration, and other ophthal-
mological illnesses is linked to consuming foods high in 
carotenoids (Sauer, Li, and Bernstein 2019; Park et  al. 2020; 
Manochkumar et  al. 2021). Recently, carotenoids have been 
shown to have anti-inflammatory, neuroprotective, and anti-
oxidant properties that may be used to reduce the progres-
sion of AD (Liu et  al. 2018). Carotenoids have been shown 
to suppress the onset of neurodegenerative diseases through 
various mechanisms. They regulate Aβ neurotoxicity,  
Aβ aggregation, impaired lipid metabolism, long-term neu-
roinflammation, OS, and mitochondrial dysfunction. As a 
result, processes associated with AD pathogenesis improve 
(Mohammadzadeh Honarvar et  al. 2017; Kabir et  al.  
2022; Abd Al Haleem, Ahmed, and El-Naga 2023).  
In neurodegenerative diseases, multiple mechanisms of 
action of carotenoids may occur simultaneously. For exam-
ple, in the AD rat model, lycopene consumption reduced 
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caspase-3 function, several inflammatory cytokine media-
tors, and Aβ-mediated mitochondrial dysfunction (Sachdeva 
and Chopra 2015). In addition, astaxanthin administration 
reduced Aβ-mediated damage in cultured cells through mul-
tiple mechanisms, including reduction of ROS, suppression of 
inflammatory cytokine mediators, and reduction of apoptotic 
factors (Xiang et al. 2017). Another study revealed a negative 
correlation between higher carotenoid intake and the risk of 
Alzheimer’s disease. In addition, intake of lutein/zeaxanthin 
and lycopene was associated with less AD pathology and 
AD diagnostic score (Yuan et  al. 2021). Fucoxanthin, a xan-
thophyll, is a tetraterpene oxygen-containing compound (Li  
et  al. 2022b). Fucoxanthin can directly inhibit the 
scopolamine-induced increase in AChE. Scopolamine is a 
muscarinic acetylcholine receptor antagonist and has been 
shown to stimulate inflammation and oxidative stress by 
attenuating cholinergic neurotransmission, resulting in 
decreased brain activity. In addition, fucoxanthin’s hydrogen 
bond with BACE-1 inhibits enzymatic reactions. This results 
in the suppression of amyloid precursor protein cleav-
age and the blocking of amyloidogenic processing (Oliyaei 
et  al. 2022). The role of fucoxanthin in the brain appears to 
mimic the action of macrophages in cleaning up the body’s 
waste, preventing toxic oligomers from impairing synap-
tic communication and plasticity. However, fucoxanthin 
reverses cognitive impairment in rodents by down-regulating 
BDNF and choline acetyltransferase (ChAT) expression (Li 
et  al. 2022b).

Lycopene is one of the red carotenoids. This carotenoid is 
most abundant in tomatoes and other red-colored fruits 
such as guava, grapefruit, watermelon, and papaya (Paul 
et  al. 2020; Saini et  al. 2020). Lycopene’s antioxidant poten-
tial can be associated with its ability to improve brain SOD, 
CAT, and GSH levels and expression (Sachdeva and Chopra 
2015). Lycopene prevented LPS-induced Aβ accumulation 
and amyloid precursor protein (APP) levels, suppressed the 
neuronal β-secretase BACE1 and increased the expression of 
the α-secretase ADAM10, according to a study by Wang 
et  al. (2018a). Furthermore, lycopene downregulated the 
expression of IBA-1 (a marker of microglial activation), low-
ered the levels of inflammatory mediators, and inhibited oxi-
dative stress in LPS-treated mice (Wang et  al. 2018a).

Some phytochemicals prevent beta-amyloid and tau phos-
phorylation from aggregating, reduce the expression of vari-
ous cytokines and increase the expression of various enzymes 
to restore the creation and function of various neurotrans-
mitters. It shows this function with anti-Alzheimer activity. 
Furthermore, it has been proven that oxidative stress caused 
by Aβ and p-tau toxicity is an important factor in the devel-
opment and progression of Alzheimer’s disease and phyto-
chemicals have antioxidant properties (Sajad, Kumar, and 
Thakur 2022).

Parkinson’s disease

The second-most prevalent neurodegenerative condition 
after Alzheimer’s disease is Parkinson’s disease (Kim et  al. 
2017; Zhang et  al. 2021), which is a neurological disorder 

characterized by progressive degeneration of nigrostria-
tal dopaminergic neurons (Chung et  al. 2017). The dis-
ease involves the loss of Substantia Nigra pars compacta 
(SNpc) dopaminergic neurons and excessive accumulation 
of α-synuclein-positive cytoplasmic Lewy bodies (LBs) 
(Schirinzi et  al. 2019). Despite the fact that Parkinson’s 
disease is classified as a movement disorder, there are a 
number of non-motor symptoms (NMS) that are also pres-
ent, such as hyposmia, constipation, urinary dysfunction, 
orthostatic hypotension, memory loss, depression, pain, 
and sleep disturbances in almost all patients (Chung et  al. 
2017; Schirinzi et  al. 2019; Tolosa et  al. 2021). Oxidative 
stress caused by reactive oxygen species may also contribute 
to damage in misfolded α-synuclein (α-syn) and dopamine 
(DA) neurons (Zhu, Zhuang, and Lu 2019), resulting in the 
accumulation of Lewy bodies (Kim et  al. 2017). It has been 
stated that oxidase-derived reactive oxygen species and/or 
myeloperoxidase-derived reactive nitrogen species and proin-
flammatory cytokine production properties of reactive glia 
may cause oxidative damage and inflammation (Chung et  al. 
2017). A diet rich in fruits and vegetables, which are natu-
ral sources of antioxidants, is important to prevent disease 
progression and neuronal loss given that oxidative stress 
contributes to neurodegeneration. Fruit and vegetables exert 
their antioxidant properties mainly through the phytochem-
icals they contain (Schirinzi et  al. 2019).

Phytochemicals and parkinson’s disease
Phytochemicals, obtained from spice one of the most widely 
used plant-based food additives, prevent and halt neurode-
generative processes that correlate with aging. Aiswarya 
et  al. found in the study that rosmarinic acid (RA), capsa-
icin (CAP), and curcumin (CUR) can inhibit phosphory-
lated PLA2 activity, which can initiate oxidative stress in 
the brain (Aiswarya et  al. 2022; Wang et  al. 2022a). Possible 
mechanisms of phytochemicals include the prevention of 
neuroinflammation, protein aggregation, endoplasmic retic-
ulum (ER) stress, mitochondrial dysfunction, and oxidative 
stress. One study found that capsaicin treatment prevented 
the increase in malondialdehyde (MDA) and nitric oxide 
(NO) levels in brain tissue, prevented neuronal deteriora-
tion with neurotoxicity induced by rotenone administration, 
and restored GFAP-positive cells (Tyagi, Shekhar, and 
Thakur 2022). An in vivo study in the 1-methyl-4-phenyl-1
,2,3,6-tetrahydropyridine (MPTP) mouse model of 
Parkinson’s disease investigated the effect of TRPV1 and its 
agonist capsaicin and showed that capsaicin improved 
nigrostriatal dopamine neurons and regulated striatal dopa-
mine functions after 30 days of different capsaicin doses. 
The neuroprotective effects were associated with the expres-
sion of proinflammatory cytokines (TNF-α and IL-1β) and 
ROS/RNS, and TRPV1 was proven to play an important 
role (Chung et  al. 2017). Another in vitro study conducted 
in a cell model showed that capsaicin can protect cells and 
reduce the rate of apoptosis by regulating the imbalance 
between ACTG1 and GSTA2, which are involved in PD 
(Liu et  al. 2020). In a meta-analysis using animal models, 
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curcumin has been shown to have the antioxidant capacity 
to protect neurons in the substantia nigra and to improve 
striatal dopamine levels. Curcumin treatment was also 
reported to effectively reduce neuronal apoptosis and 
improve functional outcomes in animal models of Parkinson’s 
disease (Wang et  al. 2017). Curcumin has therapeutic effects 
on Parkinson’s disease through its potent antioxidant effects 
and neuroprotective properties that target mitochondrial 
dysfunction and activate anti-apoptotic pathways that induce 
neurotrophic factors (Jung and Kim 2018). In mice with 
Parkinson’s disease, curcumin treatment effectively improved 
glial cell activation and a-synuclein aggregation. Curcumin 
was also shown to significantly upregulate tyrosine, methi-
onine, sarcosine, and creatine levels (Cui et  al. 2022). In 
mice with PD, curcumin supplementation prevented 
LPS-induced upregulation of protein activity of the tran-
scription factor NFκB, proinflammatory cytokines (TNF-α, 
IL-1β, and IL-1α), inducible nitric oxide synthase (iNOS), 
and intrinsic regulatory molecules. It also inhibited 
a-synuclein clusters in dopaminergic neurons, as observed 
from the α-synuclein gene and protein activity by RT-PCR 
and IHC (Sharma and Nehru 2018).

It has been reported that accumulation of damaged mito-
chondria leads to loss of dopaminergic neurons and mitoph-
agy, known as selective autophagy via the lysosomal pathway, 
is important in removing damaged mitochondria. Impaired 
mitophagy and mitochondrial dysfunction are known to play 
a role in Parkinson’s disease. In an in vivo study conducted 
with quercetin, progressive motor behaviors improved, and 
α-synuclein accumulation, mitochondrial damage, and neu-
ronal loss were reduced. As in vitro, it reduced α-synuclein 
protein expression, oxidative stress, and mitochondrial dam-
age. It increased levels of the mitophagy markers PINK1 and 
Parkin and showed a neuroprotective effect through 
6-OHDA-induced activation of qPINK1-Parkin-dependent 
mitophagy in the same study (Wang et  al. 2021). In another 
study, it was found that oral administration of quercetin 
ameliorated behavioral deficits and striatal dopamine deple-
tion in mice (Ay et  al. 2017). Josiah et  al. (2022) found that 
catechin and quercetin treatment also alleviated striatal 
redox stress and neurochemical dysfunction, optimized 
impaired dopamine metabolism, and ameliorated 
rotenone-toxicity-induced neuronal density loss. Catechin 
administration created a more pronounced attenuating effect 
on IL-1β, TNF-α and p53 genes; whereas, the attenuating 
effect of quercetin was more pronounced on NF-κB and 
IκKB gene expression than the group (Josiah et  al. 2022). 
These results support the study reporting significant neuro-
protective effects of quercetin through iron-induced oxida-
tive stress-related apoptotic pathways (Boyina et  al. 2020).

To improve the clinical situation, some phytochemicals 
can be used as supplements in the treatment. One of these 
is carotenoids. Dirkse et  al. (2022) found a clinically signif-
icant correlation between motor scores on the United 
Parkinson’s Disease Rating Scale and lycopene intake in the 
study. In a study including Parkinson’s disease patients, 
serum α-carotene, β-carotene, and lycopene levels were 
found to be significantly lower in advanced Parkinson’s dis-
ease patients (Hoehn and Yahr stages III and IV) than in 

early Parkinson’s disease patients (Hoehn and Yahr stages I 
and II). It was reported that these low levels of carotenoids 
may play a role in the pathogenesis and progression of the 
disease. No differences were observed in serum levels of 
lutein, zeaxanthin, β-cryptoxanthin, retinol, α-tocopherol, 
and γ-tocopherol (Kim et  al. 2017; Wang et  al. 2018b). 
Another cohort study showed that dietary intake of vita-
mins C and E may reduce the risk of Parkinson’s disease 
(Hantikainen et  al. 2021).

Epigallocatechin-3-gallate (EGCG) has shown neuropro-
tective effects in Parkinson’s disease in vivo through immu-
nomodulation by reducing TNF-α and IL-6 expression 
(Zhou, Zhu, and Liang 2018). Another study demonstrated 
the ability of EGCG to reduce oxidative stress in Parkinson’s 
disease in vivo and in vitro. It also inhibited apoptosis by 
reducing caspase-3 activation and preserved mitochondrial 
membrane potential (Sánchez-Giraldo et  al. 2020). Rotenone 
(ROT) is found in nature and is considered a natural pesti-
cide and has been reported to play a role in the etiology of 
Parkinson’s disease. In male Wistar rats, there was a decrease 
in NO levels and lipid peroxidation and an increase in 
ATPase, ETC enzyme, and succinate dehydrogenase enzyme 
activities and catecholamine levels. In Parkinson’s disease, 
EGCG has been shown to have anti-apoptotic, anti- 
inflammatory, and antioxidant effects, as well as regulating 
neurochemical disorders and improving mitochondrial dys-
function (Tseng et  al. 2020).

In the literature, coffee consumption has been associated 
with a reduced risk of developing PD. Several important 
studies have shown that increased coffee consumption sig-
nificantly reduces the risk of PD in a dose-dependent man-
ner (Cho et  al. 2018; Carneiro, Oliveira, and Alves 2021; Li, 
Hatano, and Hattori 2021). Antioxidants such as caffeine-free 
compounds, quercetin, chlorogenic acid, ferulic acid, and 
kahweol in coffee play an important role in the neuroprotec-
tive effect (Li, Hatano, and Hattori 2021). Significant release 
of some pro-inflammatory mediators such as TNF-α and 
IL-1β and advanced expression of the anti-inflammatory 
cytokine IL-10 is inhibited by chlorogenic acid. In this way, 
it was found to significantly affect motor coordination and 
antioxidant defense in Parkinson’s disease (Singh et  al. 2023).

Another study reported that resveratrol increased dopa-
mine levels and antioxidant activity, reduced motor dysfunc-
tion and α-synuclein expression, and also regulated TH 
protein levels. Another review demonstrated the 
anti-inflammatory and antioxidant effects of resveratrol in 
the brain and reported that it improved mitochondrial dys-
function (Su et  al. 2021). Anthocyanins partially inhibit 
NF-κB translocation in PD and AD models (Ben Youssef 
et  al. 2021). In a meta-analysis, the highest risk of PD was 
found for the lowest intake of anthocyanins; whereas, a sig-
nificantly higher risk of PD was found for higher intakes of 
lutein. Overall, a lower risk of PD may be linked to eating 
more antioxidant-rich foods (Talebi et  al. 2022).

Astaxanthin has been shown to protect against PD 
through multiple mechanisms, including attenuated dopami-
nergic neurodegeneration. Its effects have been shown to be 
mediated through the miR-7/SNCA axis, resulting in the 
inhibition of endoplasmic reticulum (ER) stress (Kohandel 
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Table 2. N europrotective effects in vivo and in vitro in alzheimer’s, parkinson’s disease, and dementia.

Category Phytochemicals Research Type Neuroprotective effect Reference

Alzheimer’s Disease
Phenolic Acid Capsaicin In vivo Decreased tau protein hyperphosphorylation (diabetic rats)

No significant difference in non-diabetic
(Xu et  al. 2017)

In vivo & in vitro Shifting the APP process toward α-cleavage
stimulating the maturation of a disintegrin and metalloproteinase 10 

(ADAM10)
Reducing Aβ accumulation

(Wang et  al. 2020)

In vivo Decreased neurodegeneration, neuroinflammation, and impairment in 
spatial memory in the okadaic acid-induced AD model

(Çakır et  al. 2023)

In vivo Reduction in oxidative stress, Aβ-peptide and IL-6 in the brain
Improving grip strength and memory functioning
Prevention of neuronal degeneration in the cerebral cortex, 

hippocampus, and Substantia Nigra of rats

(Abdel-Salam et  al. 
2023)

Chlorogenic Acid In vivo & in vitro Aβ25-35-induced autophagy to modulate the lysosomal function
Activation of the mTOR/TFEB signaling pathway

(Gao et  al. 2020)

In vivo & in vitro Inhibiting Aβ25-35-induced autophagy by modulating lysosomal function
Activation of mTOR (mechanistic target of rapamycin kinase) / TFEB 

(transcription factor EB) signaling pathways

(Nan et  al. 2021)

Flavonoid Curcumin In vivo Reducing amyloid plaque burden
Improving microbiota dysbiosis
Improving spatial learning and memory abilities in the hippocampus

(Sun et  al. 2020)

In vivo Curcumin-treated AD mice had significantly reduced brain and plasma 
amyloid plaque (Aβ40 and Aβ42) levels compared to untreated AD mice

(Das et  al. 2019)

Apigenin In vivo & in vitro Reducing microglial activation characterized by inhibition of proliferation 
and modulation of microglia morphology

Decreased expression of the M1 inflammatory marker CD68
Increasing mRNA expression of IL-6, IL-1β and CCL5 and decreasing 

mRNA expression of IL-10
Inducing an increase in brain-derived neurotrophic factor (BDNF) 

expression (an effect that can be associated with anti-inflammatory 
and neuroprotective effects)

(Dourado et  al. 2020)

In vivo Reducing hyperphosphorylation of tau levels in the hippocampus
Inhibition of β secretase (BACE1) and GSK-3β at the mRNA level

(Alsadat et  al. 2021)

Epigallocatechin-3-
Gallate and Ferulic 
Acid

In vivo Decreased number of amyloid β-proteins
Reduction in parenchymal and cerebral vascular β-amyloid deposition
Reduction in synaptoxicity, oxidative damage, and neuroinflammation

(Mori et  al. 2019)

Epigallocatechin-3-
Gallate

In vivo Inhibition of tau hyperphosphorylation
Reduction of AchE activity
Scavenging free radicals
Improvement in learning and memory functions

(Nan et  al. 2021)

Quercetin In vitro Reduction in Aβ1–40 cytotoxicity
Reduction in ROS formation
Decreased release of lactate dehydrogenase
Increase in superoxide dismutase (antioxidant enzyme)
Recovery from nuclear damage
Maintaining barrier integrity

(Li et  al. 2015)

In vivo Revealing reduced transfer delay, high corrected score for spontaneous 
changes, low working and reference memory error, reduced escape 
delay, and normal locomotor activity

(Joseph and Ravi 2022)

In vivo & in vitro Making progress in behavioral studies
Inhibition of AChE activity and decrease in oxidative stress parameters
Quercetin combined with memantine treatment also enhances 

brain-derived neurotrophic factor (BDNF) expression and inhibits 
amyloid-β plaque formation

(Jadhav and Kulkarni 
2023)

In vivo Alleviating dAGEs-induced cognitive impairment in aged mice (Yang et  al. 2020)
Isoflavones In vivo Improving BACE1-induced cognitive decline (Ahuja et  al. 2021)

Stilben Resveratrol
In vivo Inhibition of amyloidogenic pathways

Inhibition of the proteolytic activity of the ubiquitin-proteasome system
Reducing abnormal protein deposition

(Sarroca et  al. 2021).

In vivo & in vitro Improve passive avoidance tasks alone
Showing beneficial additive effects on recognition memory impairment 

in a mouse model of AD in co-treatment with melatonin

(Labban et  al. 2021)

In vivo & in vitro Developing the spatial abilities of mice
Increasing the expression of SOD, GSH-Px, CAT, and HO-1 at the mRNA level
Reducing ERβ expression at mRNA and protein levels in brain tissue 

and Aβ expression at protein levels in brain tissue

(Kong et  al. 2019)

Pterostilbene In vivo & in vitro Improving neuronal plasticity and reducing neuronal loss
Upregulation of Nrf2 expression and SOD level by SIRT1

(Zhu et  al. 2022)

In vivo & in vitro Attenuating STZ-induced body weight loss, Aβ1-42 accumulation and Tau 
hyperphosphorylation, and memory impairment by regulating MAOB

Reducing levels of ROS and MDA
Attenuating STZ-induced oxidative stress in the hippocampus by 

increasing SOD and GSH levels
Protection against STZ-induced neuroinflammation in the hippocampus 

by inhibiting TNF-α, IL-1β, IL-6, and p-NF-κB levels

(Li et  al. 2022a)

(Continued)
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Category Phytochemicals Research Type Neuroprotective effect Reference

Carotenoid Lutein / Zeaxanthin  
and Lycopene

Prospective Less AD pathology and AD diagnostic score (Yuan et  al. 2021)

Xanthonoid In vivo Neuroprotective effect of mango seed extract and isolates showing 
beneficial effects in restoring cognitive abilities through anti-amyloid 
and anticholinesterase activities

(Ragheb et  al. 2023)

Lycopene In vivo & in vitro Improving cognitive deficits in water maze test with combination of 
HAEC transplantation and lycopene therapy

Reducing the level of proinflammatory mediators (TNF-α and IL-1β)
Increasing the level of anti-inflammatory mediators (IL-)

(Xu et  al. 2021a)

In vivo & in vitro Attenuating astrocytosis and microgliosis
Reducing malondialdehyde production
Attenuated neuronal loss
Inhibited amyloidogenic processing

(Guo et  al. 2023)

Tannins Ellagitannin In vivo & in vitro Activating autophagy by upregulating the SIRT1 signaling pathway and 
downregulating the mTOR signaling pathway

Helping prevent D-galactose-induced brain aging through activation of 
the miR-34a-mediated SIRT1/mTOR signaling pathway

(Chen et  al. 2019)

Cyanines Betalain In vivo Suppression of lipid oxidation (MDA) through regulation of antioxidant 
content (SOD, CAT, and GSH)

LDH, NO, AChE inhibition
Decrease in NF-ƙB-related mRNA expression (TNF-α IL-6, Il 1β, iNOS, 

COX-2)

(Shunan et  al. 2021)

Parkinson’s Disease
Flavonoid Epigallocatechin-3-

Gallate
In vivo Reducing TNF-α and IL‑6 expression (Zhou, Zhu, and Liang 

2018)
In vivo & in vitro Reducing oxidative stress

Inhibiting apoptosis by reducing Caspase-3 activation
Mitochondrial membrane potential preservation

(Sánchez-Giraldo et  al. 
2020)

In vivo Reduction in NO levels and lipid peroxidation (LPO)
Increase in ATPase, ETC enzyme, and succinate dehydrogenase (SDH) 

enzyme activities
Increased catecholamine levels
Anti-apoptotic, anti-inflammatory, anti-oxidant effect

(Tseng et  al. 2020)

Catechin In vivo Alleviating striatal redox stress and neurochemical dysfunction
Optimizing impaired dopamine metabolism and improving neuron 

density reduction caused by rotenone toxicity

(Josiah et  al. 2022)

Apigenin In vivo & in vitro Decreased upregulation of NF-κB gene expression in PD rats by 
apigenin treatment

Prevention of neuroinflammation in the substantia nigra pars compacta 
(SNpc)

Inhibiting the release of TNF-a, IL-6, and the proinflammatory enzyme 
iNOS-1

Quercetin In vivo & in vitro Improvement in progressive motor behavior in vivo
Decreased accumulation of α-synuclein
Reduction in mitochondrial damage
Decreased loss of neurons
Decreased expression of α-synuclein protein in vitro
Reduction in oxidative stress
Reduction in mitochondrial damage

(Wang et  al. 2021)

In vivo & in vitro Attenuating motor deficiencies and biochemical and neurotransmitter 
changes induced by rotenone and iron supplementation in 
experimental rats

(Sharma, Raj, and Singh 
2020)

Kaempferol In vivo & in vitro Inhibiting lipid peroxidation and IL-6 and TNF-α
Increasing monoamine levels in the striatum and substantia nigra of the 

brain
More than 50% inhibition of ROS and apoptosis

(Pan et  al. 2020)

Phenolic Acid Capsaicin In vitro Regulating the imbalance between Actg1 (actin gamma 1) and Gsta2 
(Glutathione S-transferase alpha 2)

Scavenging free radicals

(Liu et  al. 2020)

In vitro Improvement in nigrostriatal dopamine neurons Improvement in striatal 
dopamine functions

Decreased secretion of proinflammatory cytokines (TNF-α and IL-1β)
Decreased expression of ROS, RNS species

(Chung et  al. 2017)

Chlorogenic acid In vivo & in vitro Inducing GLP-1 secretion by CGA by increasing cAMP levels in GLUTag 
cells

Preventing motor and cognitive impairments by rotenone-induced 
oxidative stress

(Sharma et  al. 2022)

Terpenoid Ruscogen In vivo & in vitro Reducing oxidative stress and inflammatory marker levels in microglial 
BV-2 cells

Improving motor activities

(Wu et  al. 2023)

Table 2.  Continued.

(Continued)



14 B. CAN AND N. SANLIER

et  al. 2022). Xue et  al. (2017) showed that astaxanthin ame-
liorated learning and memory deficits and reduced hippo-
campal neuronal degeneration and apoptosis after cerebral 
IR injury.

Administration of apigenin attenuated the histopathologi-
cal changes induced by MPTP in brain tissue. Furthermore, 
apigenin reversed the changes in the expression and concen-
tration of TNF-α, IL-1β, IL-6, IL-10, and TGF-β (Yarim 
et  al. 2022). The anti-inflammatory activity derived from the 
regulation of transcription factors such as STAT3, nuclear 
factor kappa, and AP-1 is reported to be the main pharma-
cological mechanism of luteolin (Siddique 2021). Therefore, 
it can be said that luteolin is a therapeutic agent that can be 
used to treat PD and AD (Babaei, Mirzababaei, and Nassiri‐
Asl 2018; Dong et  al. 2017). In one study, animals were 
infected with 6-hydroxydopamine (6-OHDA), an environ-
mental neurotoxin that causes PD-like symptoms. Hesperidin 
supplementation was found to significantly reduce 6-OHDA-
induced biomarkers of oxidative stress (Kesh et  al. 2021).  
In addition, hesperidin was found to reduce cognitive 

dysfunction in mice using the Y maze test (Muhammad 
et  al. 2019).

Dementia

Aging is defined as a natural process characterized by a 
decline in physical and cognitive functions (Kato et al. 2018). 
Dementia, which is most prevalent in the elderly, is a syn-
drome characterized by psychological and neurological 
changes associated with impaired memory and thinking, 
speech disorders, and difficulties in activities of daily living 
(Taslimi et  al. 2020; WHO 2021b). Approximately 50 million 
people worldwide are reported to have dementia, with 10 
million new cases reported each year (WHO 2021a). 
Cognitive function, the impairment of which threatens the 
quality of life and independence of older people, includes 
brain functions required for daily activities such as memory, 
speech, attention, executive function, and vigilance (Saitou 
et  al. 2018). One study revealed that interventions targeting 
modifiable risk factors can potentially prevent or delay AD 

Category Phytochemicals Research Type Neuroprotective effect Reference

Stilben Resveratrol In vivo & in vitro Reducing microglia activation and M1 polarization in rotenone-induced 
BV-2 cells

Free iron induced the production of ROS and MDA and inhibiting 
glutathione activity while its effects were hidden by resveratrol

Also inhibiting the induction effect of rotenone on IL-6, IL-1β and TNF-α

(Li, Shen, et  al. 2021)

In vivo & in vitro Demonstrate a beneficial effect on episodic-like memory and motor 
coordination by modulating neuroinflammation by acting on the 
SIRT1 and NF-κB signaling pathway in the hippocampus of aged 
mice

(Sarubbo et  al. 2023)

Demans
Flavonoids Quercetin In vivo & in vitro Reduction in STZ-induced diabetes-induced deterioration in behavioral, 

endothelial, and biochemical parameters
(Sharma et  al. 2021)

Curcumin In vivo & in vitro Significantly ameliorate DM/CCH-induced cognitive deficits and 
attenuated neuronal cell death

Suppressing neuroinflammation induced by microglial activation by 
regulating the triggering receptor expressed on the TREM2/TLR4/
NF-κB pathway

(Zheng et  al. 2021)

Stilben Pterostilbene In vivo & in vitro Hippocampal neuronal death and decreased microglial activation in rats
Inhibition in the expression of TLR4 and inflammatory cytokines

(Xu et  al. 2022)

In vivo & in vitro Attenuating Aβ1-42, inducing cognitive dysfunction assessed using the 
Y-maze test, new object recognition task, Morris water maze test, 
and passive avoidance test

Promoting Nrf2 nuclear translocation and increasing transcription and 
expression of antioxidant genes such as heme oxygenase-1 and 
superoxide dismutase both in vivo and in vitro

(Xu et  al. 2021b)

Resveratrol In vivo & in vitro Rats exhibit increased cognitive ability, decreased hippocampal MDA, 
Bax, and caspase-3 content, and increased SOD and Bcl-2 
hippocampal expression (P<)

Improving spatial learning and memory of rats

(Zhang et  al. 2019a)

In vivo Improve cognitive decline
Reversing diabetes-induced protein expression changes
Preventing memory deficits, endothelial dysfunction, increased oxidative 

stress, inflammation, and impaired neurotrophin expression

(Gocmez et  al. 2019)

Flavonoid Quercetin In vivo & in vitro Attenuation of cognitive impairments in animals exposed to STZ during 
Morris water maze and Y maze tests

(Singh and Garabadu 
2021)

In vivo & in vitro Facilitating the secretion of IL-4 and IL-10 and, in turn, reducing TNF-α 
and IL-1β production by regulating microglial phenotype 
transformation.

Mediate microglial conversion to anti-inflammatory phenotype to reduce 
demyelination in the ventral hippocampus (vHIP) and subsequently 
attenuate neuropsychiatric deficits (including anxiety and depression)

(Tan et  al. 2022)

*Rotenone is a pesticide, used to make animal models of Parkinson’s disease. Parkinson Disease: PD; Alzheimer’s disease: AD; malondialdehyde: MDA; reactive 
oxygen species:ROS; interleukin-1β: IL-1β ; tumor necrosis factor-α: TNF-α; monoamine oxidase B: MAOB; streptozotocin: STZ; β-secretase: BACE; nuclear factor 
kappa B: NF-κB; dietary advanced glycation end products: dAGEs; diabetes Mellitus: DM; chronic cerebral hypoperfusion: CCH; amyloid precursor protein: APP; 
amiloid beta: Aβ; transcription factor EB: TFEB; sirtuin-1: SIRT1; nuclear factor erythroid 2 associated factor 2: Nrf2; superoxide dismutase: SOD; Lactate dehydro-
genase: LDH; nitric oxide: NO; acetylcholinesterase: AC.

Table 2.  Continued.
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(Livingston et  al. 2020). The clinical spectrum of dementia 
is highly variable. Dementia caused by AD is divided into 
primary degenerative dementias, such as vascular dementia 
(VaD), frontotemporal dementia and dementia with Lewy 
bodies, and secondary dementia caused by another disease 
process, such as AIDS, Parkinson’s disease or Huntington’s 
disease (Molino et  al. 2016). As there is no effective treat-
ment for dementia, it has been emphasized that it is import-
ant to identify risk factors in order to prevent the onset or 
progression of dementia at an early stage (Yuan et  al. 2020). 
Lifestyle factors, such as dietary habits, have been reported 
to influence cognitive function (Saitou et  al. 2018).

Phytochemicals and dementia
A meta-analysis and systematic review demonstrated that 
blood lycopene was lower than α-carotene in patients with 
dementia. β-carotene, lutein, zeaxanthin, and β-cryptoxanthin 
were higher than in controls. Accordingly, blood levels of 
carotenoids were found to be significantly lower in patients 
with dementia than in controls (Wang et  al. 2023b). In 
another study, D-galactose-induced Balb/c mice were treated 
with green tea EGCG and EGCG improved spatial memory 
function and oxidative stress in dementia (Gumay, Bakri, 
and Pudjonarko 2018). In another randomized controlled 
trial, healthy people were given quercetin-free and 
quercetin-enriched onions for 24 wk and quercetin was 
found to improve cognitive decline by increasing motivation 
and reducing depressive symptoms (Nishihira et  al. 2021). 
Another randomized controlled trial showed that consump-
tion of quercetin-enriched onions may improve cognitive 
function and prevent dementia (Nishimura et  al. 2017). In a 
pilot study in elderly men, consumption of 330 mg of chlo-
rogenic acid (CGA)-containing beverages every night for 
6 months was shown to improve composite memory, verbal 
memory, complex attention, cognitive flexibility, and execu-
tive function (Kato et  al. 2018). In another randomized con-
trolled trial in elderly patients with mild cognitive 
impairment, a CGA intake of 553.6 mg/100 mLx2 for 28 wk 
was found to improve attention and executive function 
(Ochiai et  al. 2019). In another study on the elderly, CGA 
supplementation resulted in improvements in motor speed, 
psychomotor speed, and executive function (Saitou et  al. 
2018). Compared two groups taking 75 mg of trans-resveratrol 
twice a day for 1 year with and without resveratrol, and the 
results showed a 33% improvement in cognitive performance 
in the resveratrol group compared with the control group, 
and a partial improvement in verbal memory in individuals 
aged 65 years and older compared with younger individuals 
(Zaw, Howe, and Wong et  al. 2021). In a meta-analysis of 
clinical studies, it has been shown that carotenoid supple-
mentation in healthy individuals aged 45–78 years has a sig-
nificant effect on mental performance even in healthy 
individuals (Davinelli et al. 2021). Despite the positive results 
of these studies, the ESPEN guidelines on nutrition in 
dementia generally state that there is a significant lack of 
high-level evidence studies and there is insufficient clear evi-
dence to recommend the use of any currently available 
nutritional supplement for the prevention or correction of 

cognitive decline in patients with dementia (Volkert et  al. 
2015). Table 2 shows the neuroprotective effects of preclini-
cal studies in Alzheimer’s and Parkinson’s disease and 
dementia.

Conclusion and future perspectives

Although the antioxidant and anti-inflammatory effects of 
phytochemicals have been shown to improve cognitive per-
formance, most of these results have been obtained from in 
vivo and in vitro studies. Although the results are promis-
ing, the main evidence for phytochemicals’ neuroprotective 
mechanisms of action comes from animal studies, and evi-
dence from human studies is still insufficient. In addition, 
it is not clear whether the phytochemicals that show neu-
roprotective effects act as single component or synergisti-
cally. The duration and dose of the phytochemicals 
administered in the trials varied. This led to uncertainty 
about the toxic or effective doses that would respond to 
treatment. In addition, the fact that their bioavailability is 
generally low and they are rapidly absorbed and excreted 
has made their effectiveness in treatment difficult. Larger 
and longer clinical trials are therefore needed to fill the 
gaps in the literature with dose-response studies and 
high-level evidence in the clinic.
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